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TO 


THE T W E'N T Y-SECON.D EDITION 


In presenting this edition 1 wish to aekuowledgo niy indebted inenn : 

To Professor Edward Fawcett of the University of Bristol, who allowed me 
to make drawings of his model of the ehomirommium of a 27 mm. human 
embryo, and who revised the description of the development of the skull on 
pp, 71 to 70* 

To Professor S* Ernest Whit-nall of Mite gill University, Montreal, who per* * 
mittod me to copy some iilusi-ratiotiH from his hook on The Anatmmj of the 
Hmmm Orbit* 

To my colleagues in the Department of Physiology, Professor David Burns 
and Dr, U* Albert Clark ; the former revised the histological part of the book, 
and the latter supplied a number of mieroseopm specimens for purposes of 
illustration* 

To Dr* (.1 M. Smithies, one of my former assistants, who prepared many of 
the dissections required for the new figures, and to Dr, 11. Bramble Breen, my 
present senior assistant, who helped to correct the proof-sheets of the book. 

The new illustration# — about sixty in number — have been prepared from 
drawings made by Mr- Sydney A* Sewell, 
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HENRY GRAY, F.R.S., F.R.C.S. 



A s the readers of Gray’s Anatomy m ay 
be interested to ieam something of its 
original author, Henry Gray, the following 
information as to his career has been 
extracted from an article which appeared 
in the St. George's Hospital Gazette of 
May 21st, 1908, 

Gray, whose father was private 
messenger to George IV, and also to 
William IV., was bom in 1827, but of 
his childhood and early education nothing 
is known. 

On the 0th of May, 1845, he entered 
as a perpetual student at Si. George’s 
Hospital, ' London, and he is described 
by those who know him as “ a most 
painstaking and methodical worker, and 
one who learnt his anatomy by the slow 
but invaluable method of making dissec- 
tions for himself.” 

While still a student he secured, in 
IMS, the triennial prize of the Royal 
College of Surgeons for an essay entitled, 

” The origin, connexions and distribution 
of the nerves to the human eye and its 
appendages, illustrated by comparative 
dissections of the eye in other vertebrate 
animals.” 

At the early age of twenty- five he 
was, in 1852, elected a Fellow of the 
Royal Society, and m the following year 
he obtained the Astloy Cooper prize of three hundred guineas for a dissertation u On the 
structure and use of the spleen.” 

He held successively the posts of demonstrator of anatomy, curator of the museum, 
and lecturer on anatomy at St. George’s Hospital, and was in 1801 a candidate for the post 
of assistant- surgeon. Unfortunately he was struck down by an attack of confluent smallpox, 
which he contracted while looking after a nephew who was suffering from that disease, 
and died at the early age of thirty-four. A career of great promise was thus untimely cut 
short. Writing on June 15th, 1861, Sir Benjamin Brodie said, “ His death, just as he 
wm on the point of obtaining the reward of his labours . , . is a great loss to the Hospital 
and School.” 


In 1858 Gray published the first edition of his Anatomy which covered 750 pages and 
contained 363 figures. He had the good fortune to secure the help of his friend, Dr. H. 
Vandyke Carter, a skilled draughtsman and formerly a demonstrator of anatomy at St, 
George’s Hospital. Carter made the drawings from which the engravings were executed, 
and the success of the book was, in the first instance, undoubtedly due in no small 
measure to the excellence of its illustrations, A second edition was prepared by Gray 
and published in 1800, 

The portrait here given of Gray is a reproduction of one which appeared in the St. 
George's Hospital Gazette of May 21st, 1908 , where the original is described as 'being “ a 
very faded photograph taken by Mr. Henry Bollock, second son of the late Lord Chief 
Baron Sir Frederick .Pollock, and one of the earliest members of the photographic society 
of London,” 
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INTRODUCTION 


rilHE term human anatomy comprises a consideration of the various struc- 
tures which make up the human organism. In a restricted sense it 
deals merely with the parts which form the fully developed individual and 
which can be rendered evident to the naked eye by various methods of dissec- 
tion. Regarded from such a standpoint it may be studied by two methods : 
(1) the various structures may be separately considered — systematic anatomy ; 
or (2) the organs and tissues may be studied in relation to one another — 
topographical or regional anatomy , 

It is, however, of much advantage to add to the facts ascertained by naked- 
eye dissection those obtained by the use of the microscope. This introduces 
two fields of investigation, viz. the study of the minute structure of the various 
component parts of the body — histology ; and the study of the human organism 
in its immature condition, i.e. the various stages of its intra-uterine develop- 
ment from the fertilised ovum up to the period when it assumes an independent 
existence — embryology . Owing to the difficulty of obtaining material illus- 
trating all the stages of this early development, gaps must be filled up by 
observations on the development of lower forms — comparative embryology , or 
by a consideration of adult forms in the line of human ancestry — comparative 
anatomy. The direct application of the facts of human anatomy to the various 
pathological conditions which may occur constitutes the subject of applied 
anatomy. Finally, the identification of structures on or immediately under- 
lying the surface of the body is frequently made the subject of special study — 
surface anatomy . 

Systematic anatomy. — The various systems of which the human body is 
composed are grouped under the following headings : 

L Osteology — the bony system or skeleton. 

2. Syndesmology — the articulations or joints. 

3. Myology — the muscles. With the description of the muscles it is con- 
venient to include that of the fascia which are so intimately connected with 
them. 

4. Angiology — the vascular system, comprising the heart, blood-vessels, 
lymphatic vessels and lymph-glands. 

5. Neurology — the nervous system. The organs of the 'senses may be 
included in tins system. 

0. Splanchnology— the visceral system. Topographically the viscera form 
two groups, viz. the thoracic viscera and the abdominopelvic viscera. The 
heart, a thoracic viseus, is best considered with the vascular system. The 
rest of the viscera may be grouped according to their functions'; (a) the 
respiratory apparatus ; {6} the digestive apparatus ; and (c) the urogenital 



XVI 


INTRODUCTION 


apparatus* Strictly speaking, the third sub-group should include only such 
components of the urogenital apparatus as are included within the abdomino- 
pelvie cavity, but it* is convenient to study under this heading certain parts 
which lie in relation to the surface of the body, e.g. the testes and the external 
organs of generation. 

For descriptive purposes the body is supposed to be in the erect posture, 
with the arms hanging by the sides and the palms of the hands directed for- 
wards. The median plane is a vertical aid'Topr.doi iur plane, passing through 
the centre of the trunk. This plane will pass approximately through the 
sagittal suture of the skull, and hence any plane parallel to it is termed a 
mgittal - plane . A vertical plane at right angles to the median plane passes, 
roughly speaking, through the central part of the coronal suture or through 
a line parallel to it ; such a plane is therefore known as a coronal plane . A 
piano at- right angles to both the median and frontal planes is termed a transverse 
or horizontal plane. 

The terms anterior or ventral , and posterior or do mil, are mm ;•!• >\ «-d to 
indicate the relation of parts to the front or back of the body or limbs, and 
the terms superior or cephalic, and inferior or caudal , to indicate the relative 
levels of different structures ; structures nearer to of further from the median 
plane arc referred to as medial or lateral respect i\ ely. 

The terms superficial and deep are strictly confined to descriptions of the 
relative depth from the surface of the various structures : external and inh nml 
arc reserved almost entirely for describing the walls of cavities or of hollow 
viscera. In the case of the limbs the words proximal and distal refer to the 
relative distance from the attached end of the limb, 
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ALB the tissues and organs of the body originate from the fertilised ovum, a micro- 
.XjL scopic structure consisting of a jelly-like material enclosed in a membrane, 
and containing a small, spherical, more solid body in its interior ; the contained 
body is called a nucleus, and within it are found one or two smaller bodies, termed 
nucleoli (fig. 1). The fertilised ovum divides and .subdivides into an enormous 
number of similar structures, which are known as cells , and these become variously 
modified according to the function which they have to perforin. Although the cells 
of the different tissues and organs vary considerably in shape, size, and other char- 
act eristics, each consists of a semi-fluid' material, known as protoplasm, and contains 
a nucleus {fig. 1).* A cell may therefore be defined as “ a mass of protoplasm con- 
taining a nucleus. 55 But this definition is not altogether satisfactory, because some 
cells (the red blood-corpuscles of mammals) are destitute of nuclei, while others 
protozoa) may be multinucleated. 


Fig. 1. — A diagram of a cell. 


tun: 


Sudar ,'hutchtij .turUii, 
plasm and htftdaplasm 



Ocntrmome with 
two centrioU's 


Sue! mr 

membrane 
Xu drains 


Protoplasm varies in composition, but in all cases it yields, on analysis, nitro- 
genous substances, known as proteins. When examined with high powers of 
the microscope it may appear homogeneous, but many cells show some degree of 
differentiation into fibrils or granules. After fixation with reagents, such as 
mercuric chloride, most cells exhibit a reticular, or, rather, a sponge-like structure, 
which has a greater affinity for dyes than the material contained in its meshes. 
It was formerly believed that living protoplasm had a similar structure, and con- 
sisted of a fibrillar network, or xpuiujlophtutn, with a more fluid material, or fajuh* 
plasm, in its interstices. The view most commonly held at the present time, however, 
is that the large molecules of which protoplasm is composed' are so arranged as to 
form two distinct '".phases/ . The result is.. a structure resembling foam, and con- 
sisting of minute spaces containing fluid material and bounded by a less fluid phase 

G.A. A 
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formed hr 'a closer aggregation of the molecules. _ Whether this view be correct, 
or not. it is convenient til tlie meantime to retain the terms spongioplasm and 
hyaloplasm to indicate the structure seen in the fixed and stained cell. 

The protoplasm of rails frequently contains granules of foreign material, such 
as glycogen, fat. or pigment. These muv have been either formed in the cell nr 
taken in from without, and arc spoken of as paraplasm or dtmtcrajdtifm. 

Few animal cells resemble the ovum in positessing a definite cell- membra no : 
in those which do not, the surface exhibits certain physical properties which point 
to a local condensation of some of the protoplasmic constituents. According -to 
Overtoil these arc of a fatty nature and are known as lipoid*. 

The nucleus, in fixed* and stained preparation#, exhibits a differentiation 
into a network, or karymnilomc, and a moroiluid material, or karyupbmi*. in the 
ineshes of the network. The kurvnmitomu is condensed at the periphery of the 
nucleus to form a well-defined wall, the nmiear membrane, and consist* of 'particles 
of a substance, colled chromatin because of its affinity for basic dye*, imbedded 
in -a homogeneous material, linw,. which stains with acid dyes. The staining 
]<roporties of chromatin arc duo to the presence of nucleic acid. .' 

The ntNkohn is a email, spherical, highly refracting laxly, which stains 
with acid dyes, - Node** of the chromatin network are liable to he mistaken for 
nucleoli, but may fa: distinguished by their irregular shape ami staining affinities : 
they are known as pxtmloHudvnli. 

Aeentroaoaw i# present in most rails. . It. lies near the. nucleus, and consists of 
a spherical area of clear protoplasm, in the middle of which is a minute spot or 
mttrioLt ; the latter plays an ini|iortant. part in ccll-divisiitit. The threads •*< the 
protoplasmic ret kulum immediately around the cciitmsome become radially iirwii<'.if 
and diverge from it like the my* of the conventional sun. 

Two other grout* of bodies are of very general ueinirmiCe in ceils, vis. ("i •ihMHlriu^nus 
or mitochondria. and (b) the nticulnr apparatus of Golgi ; little U known, hnwvvi-r. ns in 
their nutate or function. ChamMamnu** first described in ptniwlb unrferyntdc develop* 
inent into spcriantuKim, consist- of granules, rods or vestries grouped in the neightvmrhood 
of the nucleus. When the cell divides they arc distributed between the two iUvcUt*.-r celis,. 
The nlitubir apparatu* of Golgi, first described in uerve.-eeUs, comprises a network or ifhutp 
of rods in. the protoplasm immediately Kurrunmlitur the eentrmomc. During cnU<dirid>ai 
the network tUviihs into mb which are distributed between the two daughter w!b.* 

Reprod u ction of cells is effected either by dinti or by iudintt division. In ditn-r 
diet aim ( amilani* ) the nucleus bramues coital rirterl in the middle, assuming an hour* 
glass shape, and then divides into two. This is followed by a cleavage or division 
of the whale protojlasniu: mass of the ceil ; and (bust wo daughter cell* art: formed, 
.each containing a nucleus. The daughter cells ure at first aiuuilet than the original 
mother cell; but they grow*, and the process indy be repeated in them, that 
miiiripfiedtion.inay take place raphilv. Direct division is said to occur in leucocytes 
and bone-cells, and in the epitheiial rails, lining the bladder. ■ Indirmi diuitwu or 
tar^dnmmis (mitosis) » the cuminuu method of division in the higher ttniinui*, and 
the futures* is characterised by a series of comjdcx changes in the tnfcleus, folding 
to its subdivision ; this is followed by cleavage of the ceff*pruto|tla#m. Start ism 
with the nucleus in the quiescent or fvJdiwj condition these changes may be briefly 
grouj wd uitder the three following stages (fig. 2) : 

1 . Antrphare. — The nuclear network of chromatin filament* assumes the form 
of at w Ut«l skein or n>pirm, and the nuclear membrane and nucleolus disappear. 
The convoluted skein of chromatin divides into a definite number of segments or 
akiromarmm. The number of .chromosomes varies widely in different-animals, but. 
ia constant lor all the somatic cells in an animal of shy given species ; in . hum the 
number i» given by Fldnuning and Ducsborg .as tweiiiy-foiir.t Cuincideiiily with, 
or precriUng tliesc changes, the rantroabhie divide*, and the two resattuig rant civ 
aoniei arCaranto bc t-oimccted by h. spindle of delicate achromatic fibres, the aebro- 
amtie modify. The. centrosomes move away' froth each ofhery-tiue .' toward* cither 
etdremlty-of the .himleus-^ndthe fibrils of tho iichioinatlc: spindle ancones/ioiid- 
ihjdjjr le^Wnedk An: ihjihgitmry ime cnCirc^g the spindle midway between it* 
««iniSq:the r^lor,'th^ : aroi^:|h^ the chromoNOihies. arrange 
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2. Metaphase . — Each chromosome splits longitudinally into two equal parts or 
t laughter chromosomes which travel in opposite directions along the fibrils of the 
achromatic spindle towards the centrosomes, around which they group themselves ; 
and thus each group contains the same number of chromosomes as was present in 
the equatorial plate. 

Fig. 2.- — A diagram showing the changes which occur in the controsorno and nucleus 
of a cell in the process of mitotic division, as seen in the epidermis of a larval 
salamander. 



I to 4 Anaphase ; .1 and 0, Mt-taphasc ; 7 ami 8, Kata phase. For further details m.i text, 

8. Kata phase.- The daughter chromosomes become connected into a skein or 

Spirent, and eventually form the network of chromatin which is d nunc t eristic of 
tin* resting nucleus. The nuclear membrane and nucleolus are also differentiated 
during this phase. The cell- protoplasm undergoes constriction around the equator 
of the achromatic spindle, where. double rows of granules are also sometimes seen. 
The constriction deepens and the original cell is gradually divided. 

The term telophase is sometimes applied to the concluding steps of the process 
of division, in which the daughter cells are finally separated and their nuclei and 
centrosomes assume the characteristics of the resting stage. 

Homotypical and heterotypical mitosis.- In all somatic cells the, process of 

mitosis conforms to the type described above, and is called homotypumL On its 
mmplcf mu the nucleus of each daughter cell has as many chromosomes as were 
present in the nucleus of the mother cell. 

During the maturation of an oocyte (p. 42) and also durum the subdivision of 
a 'spermatocyte into spermatids (p, 44) two consecutive divisions occur, but the 
nucleus of each of the four cells resulting from these divisions lias only half as many 
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chromosomes as were present in that of the oocyte or spermatocyte. J he reduction 
occurs during the iirsf or hetemtjjpieal division. In this variety of. m it-osis t he 
chromosomes arrange themselves in pairs, and each pair unites in form unyffongated 
ring. The ring's group them selves an mnd the equator of the achromatic, spindle, 
and earlt ring divides into two daughter chromosomes. One-half of the daughter 
chromosomes travel to one pole, and one* halt to the ot her pole, of t he spindle. to 
form two daughter nuclei: the cell then divides. 1 he second: division is homo* 
typical. 

IiPITIHililt-M 

AH the surfaces of the body the external surface of the skin, tic* internal 
surfaces of the digestive, respiratory, and genito-urinarv tracts, t lie closed, serous 
cavities tire inner coats of the vessels, the acini and ducts of all secreting and 

o xc re 1 1 1 1 g g 1 a r id s, 1 1 1 e v e utricles o I the * » ra i 1 1 
and the central canal of the medulla 
spinalis ■■■■■are cove reef by one or more layers 
of cells, called, t : p>tk* h am or r pit la lad trjk.. 
These cells serve various ou'U" • •••m Ihus, 
in the skim tlm main purpose served hy 
the epithelium (here called the • r J p d 
is that of protection : ns the surface is 
worn away hy the regency of friction new 
cells are supplied, and thus the true skin 
and the vessels and nerves which it contain;" 
are defended from dam; mm. The epithelial 
cells of the salivary ylands, tic* pancreas, 
the gastric glands, ami the glands of the small intestine prepare the digestive juices ; 
those covering the intestinal villi are concerned with the absorption of the products 
of digest ion ; those lining the serous cavities provide a smooth, moist surface. 

Epithelium consists of one or more layers of cells, usually supported on a 
1 wise meat -membrane , and united together by cement -sulistance, which is similar in 
chemical composition to the matrix or ground -substance of flu* conueedve tissues, 
and has the property of reducing ni- 
trate of silver, KpitluTm are naturally 
grouped into two classes acceding to 
whether there is a single layer of cells 
{simple » pi fit* li'inr . or more than one 
(st ratified epithelium and trnmnUmml epi~ 
thelinm ), 

Simple epithelium. -The different 
varieties of wimple epithelium are septa- 
mous or pavement,, columnar, and 
ciliated. 

Simple $qwtmn»ts or pavement epi- 
thelium (fig, 3) is coin posed of Hat, 
nucleated cells of different shapes, 
usually polygonal, and varying in size. 

These odls lit, together by their edges, 
like tin* tiles of a mosaic pavement , The 
nucleus is generally flattened, but may 
he spheroidal. The protoplasm of the 
cell may be fibrillatvd, the iibrib of adjacent cells being continuous across the 
intervening cement. This kind of epithelium forms the lining of the alveoli of t In 
lungs, The so-called endothelium , which covers the serous membranes and which 
lines the heart, blood-vessels and lymphatics, is also of the pavement type, 

Columnar or epVmlnmt epithelium (tig, ^ consists of cylindrical or rod -dm pod 
cells set: together, so as to form a complete-layer, resembling, when viewed in profile, 
a palisade. The cells have a prismatic .figure, from mutual pressure, and are set- 
upright on the surface which supports them. Tim ei-lbpr* it o plasm is always more or 
'■less reticulated ; the nucleus is oval in shape and com. tins an im.mmielear network ; 
the centriole is double, and lies near the- surface. of the cel!. In the columnar 
epithelium of the intestinal villi, the free border of each cell shows a refractive 
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5. — Goblet cells of a frog, 
X 500. 


cap which exhibits well-defined vertical striations. Columnar epithelium lines 
nearly the whole gastro-intestinal tract and its glands, the greater part of the 
male urethra, the ductus deferens, the tubules 
and ducts of the prostate, the bulbo-urethral Fig. 
glands of Cowper, and the vestibular glands of 
Bartholin. In a modified form it also covers 
the ovary. ; 

Goblet- or chalice-cells are modified columnar / 

cells. Each appears to be formed by an altera- f 
tion in shape of a columnar cell (ciliated or 
otherwise) consequent on the formation of 

granules, which consist of a substance called ; 

nqicinogen, in the interior of the cell. This dis- j \ 

tends the upper part of the cell, while the nucleus 
is pressed down towards its deep part, until 
the cell bursts and the mucus is discharged 
on to the surface of the mucous membrane 
(fig. 5), the cell then assuming the shape of an 
open cup or chalice. A double centriole is found 
in the mucin -containing part of the goblet- 
cell. Cells of this kind are especially numerous 
in the mucous membrane of the stomach, and in 

the glands of the large intestine; they also occur in the epithelial covering of the 
villi of the small intestine and in that lining the respiratory tract (fig. 7). 

The epithelium of glands is usually columnar, but in some the cells are 
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Fig, C. — Isolated liver-cells of a rabbit. 



Fig. 7. — Ciliated epithelium from the 
trachea of a kitten. X 255. 







Fig. 8. — An isolated ciliated 
cel 1 (sem i <3 i agramrn ati e ) . 
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cubical, in others they are polyhedral, in shape. The 
protoplasm shows a fine reticulum, which gives to the 
cells a granular appearance (fig. 6). Besides these proto- 
plasmic 4 granules/ gland-cGIs usually contain true 
granules which are the products of their own activity. 

These are in many cases zymogenic in nature, that is, they 
are, or contain, the precursors of enzymes or ferments. 

Ciliated epithelium (fig. 7) is generally columnar in 
shape. It is distinguished by the presence of minute 
processes, resembling eyelashes (cilia), standing up 
from the free surface. The cilia (fig. 8), at their points 
of attachment to the free border of the cell, possess 
small nodular enlargements (basal knobs of Engel man n) ; 
from these knobs line beaded li laments extend through 
the cell, and converge to a point near the fixed extre- 
mity, The basal, knobs or particles have been supposed 
to be formed by division of the centriole. If the cells 
be examined during life or immediately on removal 
from the living body (for which in the human subject 
the removal of a nasal polypus offers a convenient 
opportunity.) in a weak solution of salt, the cilia will be 
seen in lashing motion ; and if the cells be separated, they will often be seen to 
be moved about in the field by this ciliary action. 
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Ciliated !i - Ii:: : : . lines the respiratory tract from the nose downwards to the 
smallest ramifications of the bronchial tubes (except in t he lower pan of the pharynx 
and on the surfaces of the vocal folds) ; the tympana* cavity and auditory tube ; 
the uterine tube and the cavity of the body of the uterus ; the vas.a eficront: ia, 
coni vaseulosi and the first part; of the fluents deferens ; the ventricles of the brain 
and the central canal of the medulla spinalis. 


Fun t . — Sim tilled opi th e * 
Hum from the res* phitvu>. 


Flu, 10. — Kpitholiu! rolls. from the nn\{ cavirv nf mum 
X Path 
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Stratified epithelium (figs, 9 and II) consists of several layers of eelk Tim n<IG 
vary greatly in shape ; those, of the deepest layer are for the most part columnar, and 
are placed vertically on the basement-membrane ; above these are several layers 
of polyhedral cells, which as they approach the surface become more and inure 
coin pressed, until the superficial ones are found to consist- of flattened scales (tig, Jp), 
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which overlap one another so as to present an imbricated appearance. The epi- 
thelium of the skin, or epidermis, ia peculiar in that it shows four distinct layers. 
The deep layer consists of columnar and polyhedral cells as in stratified stpmmou* 
epithelium generally (stratum rnueosum). In the next layer, or si rat uin gran uh »sun » , 
the cells are fusiform in section, and contain granules of a substance called eh hi in. 
The third layer, or stratum lucidum, consists of cells in which the Goblin has under- 
gone' a transformation into a substance called keratohijulm ; and the cells of the 
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most superficial layer (stratum corneum) are completely converted into a horny 
material, known as keratin (fig. II). 

The cells of the deeper layers of stratified squamous epithelium are called priekle- 
cells ; they are not closely joined together by cement-substance, but are separated 
from each other by intercellular channels, between which are protoplasmic bridges 
containing fine fibrils which connect the adjacent cells with each other. When a 
cell is isolated, it appears to be covered over with a number of short spines, in 
consequence of the bridges being broken through. 

Stratified epithelium is found in the skin, in the conjunctiva, on the anterior 
surface of the cornea, and in the mucous membrane of the mouth, lower part of 
the pharynx, oesophagus, vagina and 
part of the cervix uteri. 

B Transitional epithelium occurs in 
the ureters and urinary bladder. Here 
the e'ells of the most superficial layer 
are large and flattened, with depres- 
sions on their under surfaces to fit on 
to the rounded ends of the cells of the 
second layer, which are pear-shaped, 
the apices touching the basement- 
membrane. Between the tapering 
points of the cells of the second 
layer is a third variety of cells of smaller size than those of the other two 
layers (fig. 12). In the distended condition of the bladder the superficial cells 
are more flattened, and the pear-shaped cells are shorter and broader than they 
are when the bladder is contracted. 


Fig. 12. — Transitional epithelium. 
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The term connective tissue includes a number of tissues which have a passive 
function, that of binding together or supporting the functionally active structures ; 
they differ considerably from each other in appearance, but present many points 
of relationship, and are, moreover, developed from the same layer of the embryo, 
the mesoderm. They are divided into three great groups : (l) the connective 
tissues proper, (2) cartilage, and (3) bone. 

The circulating fluids (although functionally different) are regarded by some 
histologists as a form of connective tissue, and are dealt with in this section. 

Tjik Connective Tissues Proper 

Several varieties of connective tissue are recognised: (1) Areolar tissue. (2) 
White fibrous tissue. (3) Yellow elastic tissue. ( 4 ) Mucoid tissue, (b) Retifonn 
tissue. They are all mm prised of a homogeneous matrix, in which are imbedded 

cells and fibres the latter of two kinds, white, and yellow or elastic. The d isti.nct ion 

between the different varieties depends upon the relative preponderance of one 
or other kind of fibre, of cells, or of matrix. 

Areolar tissue (fig. 13) is so called because, when artificially distended with 
air or fluid, it exhibits mfmv«mimimirai1ng areolae or spaces. It is extensively 
distributed, and its chief use is to bind parts together, though allowing, in virtue of 
its extensibility and elasticity, a considerable amount of movement to take place, 
it occurs as subcutaneous tissue, as the submucous coat in the digestive tract, 
and as subserous tissue. It is also found between muscles, vessels, and nerves, 
forming investing sheaths for them, and connecting them with surrounding struc- 
tures. It is present in the interior of organs, binding together the lobes and lobules 
of the compound glands, the various coats of the hollow viscera, and the fibres 
of muscles and nerves. 

When areolar tissue is stretched it is seen to he made up of soft elastic threads, 
ivscmbling spun silk, and interlacing in all directions. A thin layer, examined 
under the microscope, shows fibres and cells, imbedded in a homogeneous ground- 

substance or matrix . 

The fibres form an irregular meshwork and are of two kinds, white and yellow. 
The white fibres are exceedingly fine ; ' they are colourless, homogeneous and 
transparent, and are arranged parallel to each other in bundles,' which have a wavy 
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course. The individual fibres do not branch, but small Im miles of them may leave 
one large bundle to join another. The ifvllotr or elastic JUms have well-defined out. - 


Fig. KL— Suheutaneous tissue front a young rabbit. Highly magnifhd, >Fr.m 
Sir Edward Sharpev Schafer’s IF^'nnaU of 1 1 GuA <gy,i 



\ 


t\ e\ Laiucllar wUl, /. FiforillafeU cell. PhearnwHI, j.<, clu^tnsie**'? n-.e 

lines, and are usually somewhat larger than the white fibres, varying in diameter lean 
Ip ti> %.* They are pale yellow in colour, homogeneous in appearance, nm » 


Fici* 14,- Arm 4?»r tis-nm of a rabbit, silvered, x 

G ruumbstihstiinee siui md * « ?eil* unst uiued. 



comparatively straight course, branch., and anastomose freely with each other. 
When they are broken across, the ends tend to curl up. They also differ front the 

white fibres in. staining a dark red colour with' orcein. 

•A micromiliinifttre C/d is r £ m of a millimetre or^Lii of an iuelu 
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The cells of areolar tissue are of four principal kinds : (1) Flattened lamellar 
cells, may be either branched or unbranched. The branched lamellar cells are 
composed of clear protoplasm, with few granules, and contain oval nuclei ; their 
processes may unite with those of neighbouring cells, so as to form a syncytium, 
as in the cornea. Occasionally a cell may be found which shows fibrillation of 
its protoplasm. Some observers believe such a condition to be a stage in the 
formation of the white fibres. The unbranched cells are joined edge to edge like the 
cells of an epithelium ; the flattened cells lining the serous cavities are examples of 
this variety. (2) Clasmatocytes are large irregular cells characterised by the presence 
of granules or vacuoles in their protoplasm, and containing oval nuclei. (3) Granule - 
cells are ovoid or spheroidal in shape and contain basiphil granules. (4) Plasma - 
cells of Waldeyer are usually spheroidal in shape and distinguished by containing 
a vacuolated protoplasm; the vacuoles are filled with fluid, and the protoplasm 
between them is clear, with occasionally a few scattered basiphil granules. 

In addition to these four types of cells, areolar tissue may contain wandering 
cells, i.e. leucocytes which have emigrated from the neighbouring vessels ; in some 
instances, as in the chorioid coat of the eye, cells filled with granules of pigment 
{pigment-cells) are found. 

The cells lie in spaces in the ground-substance between the bundles of fibres, 
and these spaces may he brought into view by treating the tissue with nitrate of 
silver and exposing it to the light ; this will colour the ground-substance and leave 
the cell-spaces unstained (fig. 14). 

Adipose tissue.-- In almost all parts of the body areolar tissue contains a variable 
quantity of adipose tissue or fat. The principal situations where it is not found 
are the subcutaneous tissue of the eyelids, of the penis and scrotum, of the labia 
minora ; within the cavity of the cranium ; and in the lungs, except near their 

Fig. 15. — Adipose tissue, from the omentum. Stained with Sudan ITT. and 
hematoxylin, x 350. 



routs. The distribution of adipose tissue is not uniform ; in some parts it is in 
great abundance, as in the subcutaneous tissue, especially of the abdomen, around 
the kidneys, and in the mesentery and omentum. Lastly, fat enters largely into 
the formation of the marrow of bones. 

Adipose tissue consists of fat-cells, lodged in the meshes of areolar tissue. Fat- 
cells (fig. 1 23) vary in size, the average diameter being about 50/i. ; each consists of an 
exceedingly delicate protoplasmic membrane, filled with fatty substance, which is 
liquid during life, but solidifies after death. • They are round' or spherical where 
they are not subjected to pressure ; otherwise they are more or less polygonal, 

G.A. A2 
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A nucleus is always present under the cell-membrane and can be demonstrated 
by staining with hmmatoxylin ; in the natural condition it is so compressed by the 
contained oily matter as to be scarcely recognisable. The fat-cells are held together 
mainly by the network of capillary mood-vessels which is distributed to them. 

Chemically the oily material 
Fio. 10. — Development of fat. is composed' of olein, jwlniitui, 

(Klein and Noble Smith.) and stearin, which are glycerol 

esters of fatty acids. Sometime* 

fat-crystals torn in the ceils 
JuJwL after death. By boiling the tissue 

t - in ether or strong alcohol, 

"" the .fat may be extmeted from 

9m3g£93!X5t* jjjjy-** 

: CS*$5£0 ?' at fi ” 1 W» *» human 

embryo about, the fourtevmh vwk. 
The fut-celis are formed by the 

‘ ’ transformation of connective tissue 

Cwjjiw kfr . cells. Small droplets of oil are 

*/ v , J formed in the protoplasm, and 

these coalesce to produce a. larser 
drop, which Imwosm until .‘it 

«. Minute other, r. Mltritte' *»lw. tfctitlllfiiv dtStOH H tile cdl, the WttutllilftK 

l»M*nnn*b In Mr oiuriw uf fonuatk«ii ; Ibt-y aiv sinf wrotopwsni And tut* IlltL'Iru .- 1 b;lM 

yvl RuMiMfly SkaKSonwil mtt, Iters? te-iw »vlli Ht in c ltanT<i«*^rl hwml* *| 1U ,Vnrv 

them fflofeti'ItMitfe *-i»ia* i/. iliR Knwiul^ubiiann!, nWpiatwi tmidnu* 

- ■Tsiitaiviiue nuimww imwlt-irtw I wife , kmim uf whiuh art* (lie, 1 6]. 

iitnre tttetlnotf jr Imndrii ami Ibtteuiil item otter*. au<l ’ r wm.u* *«. • # , 

nv<|»artlveA*|iiniwjivM|iiiiaiii^hftM> Wfllw nOTOUS SfSStSS l> ;i true 

connecting structure, and Atrvft* 
three purposes in the animal economy. In the form of ligaments it binds I .mm 
together ; . in the form of tenduns it connects muscles with Imniut nr other structure? : 
it constitutes investing or protecting iticmbmnes to various organs. Example. of 
such membranes are to be found in the muscular fascim or sheaths, the periosteum, 
and the perichondrium ; the capsules of the various glands ; the investing sheaths 
of the nerves (perineurium), and of various organs, as the penis and the eye. 




a, Minute artery, r. Mittal* win. f. C*i4II*try 
MdwI*uw 4» In (fan tsturiw uf formation ; thtTAiv nnf. 
yvl rumifctely forfiu*v>l out, Iterrw teiiut *vUi Ht in 
them fflofetpltMitfe tt-iiia. rf. 'Iter KPint^ubitann!, 
- ruiitaiviitME KuuvwH* imdcztfiM nfite, kirm u* which ate 
iitnra tlbtiactljr terancte’ii ami Ibtteuvtl item otter*. an<l 
AM*ar ttetefore morv MjtinOitt^hi^d. 


Fill. ITe-rWMlrrfthMe * !W0. 



Frn. 10. — -Tirnd«Q t«f n rat's tall, stimuli 
with £ild ehtoridfift nhnuring irlmins 
of ©HU .toiwocu.th* - tadotefaind]©?. 
xm 



K, 



•Ya*M 

tetuT*,n.*tU» 


.;: .' : 1b-^^:fibr6nS' tissue, aa its nOthe implies, thewliiteflbres (fig; 17) jircdonu- . 
nito^ , oil a cement-substance, yellow clastic fibres : 

•r* obgfiparati velyf^ in a. special, manner. ■ ' It 

■• py^tia to ^c A^ : eyc,*;siltoty:' white iiitiBiIng (^pearance; it M devoid: of 

- : jBrth jiM n bas^r. jit .iianpmniaingte- : 
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connected may fracture before the fibrous tissue gives way. In ligaments and tendons 
the bundles of fibres run parallel with each other; in membranes they intersect 
one another. The cells found in white fibrous tissue are often called 4 tendon-cells.’ 
They are situated on the surfaces of groups of fibres, and are arranged in rows, 
each cell being separated from its neighbours by a narrow line of cement-substance. 
The nucleus is generally situated at one end of the cell, the nucleus of the 
adjoining cell being in close proximity to it (fig. 18). The tendon-cells have 

Fig. 19.— A transverse section through a tendon of a rat. x 120. 



wing-like processes which pass between the bundles of fibres, giving a stellate 
appearance in transverse section (fig. 19). When viewed from the side, the cell 
with its wings is quadrangular, and there may be the appearance of a vertical 
line on the body of the cadi owing to the projection of a wing towards the eye of 
the observer {fig. IS). Upon the addition of acetic acid, white fibrous tissue swells 
up into a glassy-looking indistinguishable mass. When boiled in water it is 
converted almost completely into gelatin, the white fibres being composed of 
•'"//m/f f * , which is regarded as the anhydride of gelatin. 

Yellow elastic tissue, — In certain parts of the body a tissue is found which is of 
a yellowish colour, and possessed of great elasticity. It is capable of considerable 
extension, and when the ex- 
tending force is withdrawn 
returns at once to its original 
condition. This is yellow 
elastic tissue ; it may be re- 
garded as a connective tissue 
in which the yellow elastic 
fibres have developed to the 
practical exclusion of the 
other elements. It is found 
in the ligammda Hava, in 
the vocal folds and. conus 
clast lens of the larynx, in 
the mucous membrane of the 
trachea and bronchi, in the 
walls of the pulmonary air- 
vesicles, in the coats of the 
blood- vessels, especial ly the 
larger arteries, and to a very considerable extent in the hyotbyreoid and stylohyoid 
ligaments. It is also found in the ligamenfum undue of the lower animals (tig. 20), 
Where the fibres are broad and large and the network close, the tissue presents 
the appearance of a membrane, with gaps or perforations corresponding with th 


Fro. 20. — Ligament u m nucha; of the ox, stained 
with picrocarminc. x 280. 



a 

a. Longitudinal section, 6. Transverse methm. 
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intervening spaces. This is found in the inner coat of the arteries, rind to it the 
mime of fcncutmted wemhmw'- has been given by Jlonle. Yellow elastic fibres 
remain unaltered by acetic acid ; chemically they are «.-• e,i> of the scler* • ■ *•*’< o , 0 o 
known as e/us/ in. 

Mucoid tissue exists in the "jelly of Wharton,’ which forms the bulk of the 
umbilical cord, but is also found in the foetus, chiefly as a stage in the development 
of connective tissue. If consists of a matrix, largely made up of manic in which 
are nucleated cells with branching ami anastomosing processes (tig. 21 "u Few 
fibres are seen in typical mucoid tissue, though at birth the umbilical cord shows 
a considerable development of fibres. In the adult the vit reous body of the eye 
is a omd dent form of mucoid tissue, in which the fibres and cells are very few 
in number. 

Retiform or reticular tissue (fig. 22) is found extensively in many’ parts of the 
body, constituting the framework of some organs and entering into the const rum it m 
of many mucous membranes. If is a variety of connective tissue, in which U he 

Fm. 21.- ■ Mu*-* *id tis-me from the umbilical cord of a be •ruin - mhryo <f f .r a.- mb.;, 
stained with baunatoxylm arid eo-im >■ 2 >m. 



intercellular or ground -substance is, in a great measure, replaced by fluid. It is 
composed almost entirely of extremely fine bundles of white fibrous tissue* forming 
an intricate meshwork, and chemically it yields (jelaiin on boiling. The fibres, 
are covered and concealed in places by flattened branched connective tissue cells, 
In many situations fcb.es interstices of the network are filled with rounded lymph- 
eurpuseh's, and the tissue is then termed lymphoid tissue, 

RasemenGmemhraues consist of thin sheets of modified connective tissue* and 
are found underlying layers of epithelial cells, for example, in mucous membranes 
and secreting glands. They may be formed of cells or of condensed grmiml-mh- 
stance. In the former case, flattened cells, which are modified connective tissue 
corpuscles, are united by their edges by means' of cment-au Iwta nee, which can be 
demonstrated by staining with silver' nitrate ; if the cells are unbramdicd, the 
membrane is continuous ; if they are branched, the processes are united, and 
the membrane ip fenestrated. The baHCiiumt-membrane underlying the epithelium 
on the anterior surface of the cornea is composed of ground -substance. 

'Vessels and nerves, of connective tissue*— The hhmhr^h of connective tissue 

are very few that is to say, few are supplied to the tissue itself, although many 

carrying blood to other structures may permeate one of its forms, the areolar tissue. 
In white fibrous tissue the. blood-vessels usually run parallel to and between the 
longitudinal bundles, sending cnziixnumcating branches across the bundles; in 
some forms,' as in the periosteum, and dura mater, they are fairly numerous. In 
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yellow elastic tissue, the blood-vessels also run between the fibres. Lymphatic 
vessels are very numerous in most forms of connective tissue, especially in the 
areolar tissue beneath the skin and the mucous and serous surfaces. They are also 
found in abundance in the sheaths of tendons, as well as in the tendons themselves. 

Fig. 22.-- Retiform and lymphoid tissue from a lymph-gland, stained with 
picrocarmine. x 255. 

Retiform tissue 



Nerves are found in white fibrous tissue, where they end in a special manner ; but 
it is doubtful whether any nerves end in areolar tissue ; at all events, they have not 
yet been demonstrated, and the tissue is possessed of very little sensibility. 

Pigment.— Pigment is found in 

various parts of the body ; most Ire- Fig. 23.— Pigment-cells from the choriuid 

quently in epithelial cells and in the coat of the eyeball, 

cells of connective tissue. Pigmented 
epithelial cells form the external layer 
of the retina, and are present on the 
posterior surface of the iris, in the ol- 
factory region of the nose, in the 
membranous labyrinth of the ear, in 
the deeper layers of the cuticle, and 
in the hairs. Pigment is abundantly 
present in the skin of the coloured 
races, but in the skin of white races it 
is well-marked only in the areola* round 
the mammary papilla? and in irregular 
C( floured patches. Pigmented connec- 
tive tissue-cells are frequently met 
with in the lower vertebrates. In 
man they are found in the chorioid 
coat of the eye (fig. 23), and in the 
iris of all but the light blue eyes and 
the albino. The cells are usually la rge 
and branched, and are filled with brown .or black granules, consisting of melanin . 
In the retina the processes of the cells extend between the rods and cones; when 
the eye is exposed to light. the pigment-granules extend into these processes, and 
under the influence of darkness they are withdrawn into the body of the cell. 
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t Hyaline cartilage lias a pearly bluish, colour and consists of a gristly mass of 
a linn consistence, but of considerable elasticity. Except where it coats the articular 
ends of bones, it is covered by a fibrous membrane, the perichondrium , from the 
vessels of which it imbibes its nutritive fluids, being itself destitute of blood-vessels. 
It contains no nerves. If a thin slice be examined under the microscope, it is seen 
to consist of cells of a rounded or bluntly angular form, lying in spaces in a granular 
or almost homogeneous matrix (fig. 24). The cells are frequently arranged in groups 
oi two or more, and, when this is so, they have generally straight outlines where 
they are in contact with each other, but are rounded in the rest of their circum- 
ference. They consist of clear translucent protoplasm in which fine interlacing 
filaments and minute granules are sometimes present ; imbedded in the protoplasm 
axe one or two round nuclei, having the usual intranuclear network. 

. The matrix is transparent: and apparently without structure, or else presents 
a dimly granular appearance, like ground glass. The portion immediately sur- 
rounding each cell-space is often well-defined, and is further characterised by 
its affinity for basic dyes. It is known as the capsule of the space. The matrix 
of hyaline cartilage, and especially that of the articular variety, can be broken 
up into fine fibrils alter prolonged maceration. These fibrils are probably of the 
same nature, chemically, as the 

white fibres of connective tissue. Fig. 25. — A vertical section through articular 
It is believed by some hi stole- cartilage. 

nisi* that the matrix is per- ^.rrv • .Tv- ‘ “vT: y — ^ 

mealed by a number of fine 1 Superficial flattened cdh 

channels, which connect the cell- <■*>>' y* yy - ~ 

spare* with each other and with • . . ' . . ~ " 'yu 

the lymphatics of the periehon- . ■ 

drtmm and that in this way 
nutrient fluid obtains access to ■* 
the cartilage-cells. 

Articular cartilage, costal 0 

cartilage, and temporary carti- t,y. 

lage are all of the hyaline (•} 

variety, but they present differ- : ;yv..y yy Vcc 
ences in the size, shape, and f* :• £ / * by y 0' V: 

arrangement of their cells. 

Articular cartilage (fig. 25) 

sh o w s no te ml en cv U > ossifica- ; Ay ] ; :V f;y ■ A 
t ion ; its matrix is finely grami- y0c*'y 

lar. and its cells are flattened AC n fynp 

and disposed parallel to the 

surface in the superficial part • yA \ Ax 

of the cartilage, while nearer to 

the bone they are oval and are arranged in vertical rows. It has a tendency to 
split in a vertical direction. Its free surface is not covered by perichondrium, 
but the synovial stratum of the articular capsule can be traced over a small part 
of its cmmmferenee, and here the r;triihnj.'~crf!s are more or less branched and 
pass insensibly into the branched connective tissue-cells of the synovial stratum. 
It; forms a thin layer upon the joint -surfaces of the bones, and its elasticity enables 
it to break the force of concussions, while its smoothness gives easeynd freedom 
of movement . It varies in thickness according to the shape of the articular surface 
cm which it lies; where this is convex the cartilage is thickest at the. centre, the 
reverse being the east* on concave articular surfaces. It appears to derive its nutri- 
ment panic from the vessels of the synovial stratum of the joint-capsule and 
partly fo»m those of the hone upon which it is implanted. The minute vessels oi 
the spongy bone dilate and form arches as they approach the articular lamella, 
and ilem return into the substance of the bone. 

In costal cartilage the cells and nuclei are large, and the matrix, which is usually 
homntmueou* and transparent, has a tendency to fibrous striatum, especially in 
old u*m i fig. 2fi), In the thickest parts of the ; costal cartilages a few large vascular 
channels may la* detected, This appears, at first sight, to be an exception to the 
statement that cartilage is non- vascular, but is not so really, for the vessels give 
no branches to the cartilage itself, and the channels may rather be looked upon 
as involutions of the perichondrium. The xiphoid process of the sternum and, the 
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cartilages of the nose, larynx, and trachea (except the epiglottis and eorniculate rarti- 
iages of the larynx, which, are composed of elastic fihroca.rtilagejreseiiil.4e the costal 
curtilages in microscopical characteristics* The arym-rmid cartilage of the ktrviix 
shows a transition from hyaline cartilage at its bus** i*-. . da - 1 i- - cartilage at the apex. 

The hyaline cartilages, especially in adult and advanced life, are. prorsr to rultdfv 
—“that is to say, their matrix becomes permeated by calcium salts. Calcification 


Fan *28. — Costa! cartilage foam a tram 
seventy-six years of age, showing the 
development of fibrous structure in the 
matrix. In several portions of the speci- 
men two or three generations of cells are 
seen enclosed in a parent eel!- wall. Highly 
magn if kd. 



occurs hvgm-uhy m the costal rum- 
lages, and in the cartilages of the 
trachea, and may be succeeded bv 

ossification. 

White hbrocartiiage condos of 

fibrous connective* tissue arranged in 
inindltos with curt dag- between 
t: h e f m m 1 1 ; tli i » cell ,s s i m m mg I * I v 
ovoid in shape, and arc surrounded 
by concentrically striated area- of 
••art Huge matrix (fig. 2Tb The white 
tibrocaitilages admit of a mo v- *-m 
into four gn-'.ip- be »•» articular, con- 
necting, circumferential, and guei- 
form, 

l. Tin:* / yu hep s 
(watUt'i) arc ilutbmcd fibroins, tithe 
ginmts plates,, of a round, oval, 
triangular, or sickle-like form, inter, 
posed between tin* articular cartilage* 
of certain joints ; the* synovial 
stratum of the articular mpsuie 
covers their free surfaces, Tlmv 


■•'***■■ are found in the fmaporomandtbuUr, 

, , , stemoidiivicular, ammiioehmeubr* 

\mst- and kmu;ojeimt». Their uses are to obliterate the intervals between opposed 
surfaces in their various motions ; to increase the depths of the articular mu f.o 

Ou. 27.. White fibroenrtikge from tin- intervertebral iiimrnrtilape »f » ,-p. 

stained with bonix-ntmdnit. x UOO, 



i.r 


and give ease to the gliding movements ; they also increase the varieties of 
movement m a joint, 

2. The connecting fibrocartikges are interposed between the bony surface* of 
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those joints which admit of only slight mobility, as between the bodies of the 
vertebra. They form discs which are closely adherent to the opposed surfaces. 
Each disc is composed of concentric layers of fibrous tissue, with cartilaginous 
lamina* interposed, the former tissue predominating towards the circumference, 
the latter towards the centre. 

3. The circumferential fihrocarfihtyes consist of rims of fibrocartilage, which 
surround the margins of some of the articular cavities, e.g. the glenoidal labrum 
of the hip- joint and that of the shoulder-joint ; they serve to deepen the articular 
cavities and to protect their edges. 

4. The stratiform jihrorart Hayes form thin coatings to osseous grooves through 
which the tendons of certain muscles glide. 

Small masses of fibrocartilage are also developed in the tendons of some muscles, 
where they glide over bones, as 
in the tendons of the Peronseus 
krngus and Tibialis posterior. 

Yellow or elastic fibrocartilage 
is found in the ears, the cornt- 
culafe cartilages of the larynx, 
and the epiglottis. It consists 
of cartilage-cells and a matrix, 
the latter being pervaded by a 
net work of yellow elastic fibres, 
branching and anastomosing in 
ail directions, except immedi- 
ately around the cells, where 
there is a variable amount of 
hyaline substance (fig. 28). The 
fibres resemble those of yellow 
elastic tissue, not only in appear- 
ance, and in being unaffected 
by acetic acid, but also in their 
affinity for orcein ; according to 
Kolleit their continuity with the 
elastic fibres of the neighbouring 
tissue is demonstrable. 

The distinguishing feature of 
cartilage, chemically, is that it 
yields on boiling a substance 
called ckmulrin , a mixture of gelatin with mucinoid substances, chief among which is 
a cum jam nd termed elmidromucouL 


Fig. 28. — Yellow or elastic fibrocartilage from the 
epiglottis of a cat. x 250. 
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BONE 


Structure and physical properties. — Bone is one of the hardest structures of 
the animal body ; it possesses also a certain degree of toughness and elasticity. Its 
colour, in a fresh state, is pinkish white externally, and deep red within. In section 
it is seen to be composed of two kinds of tissue, one of which is dense in texture, 
like ivory, and is termed substantia compacta ; the other consists of slender fibres 
and lamella*, which join to form a reticular structure ; this is called substantia 
>•/ mnyinsa or, from its resemblance to lattice work, cancellous tissue* The compact 
substance is always placed on the exterior of the bone, the spongy in the interior. 
The relative quantities of these vary in different bones and in different parts of 
the same bone, according us strength or lightness is requisite. Close examination 
of the compact substance shows it to be extremely porous, so that the difference 
between it and the spongy substance depends merely upon the relative amount of 
solid mutter and the sisso and number of spaces in each ; in the compact substance 
the spaces arc small and the solid matter abundant, while in the spongy substance 
the spaces are large and the solid matter small in quantity. 

During life, bone is permeated by vessels, and enclosed, except where it is created 
with articular cartilage, in a fibrous membrane, the periosteum, by means of which 
many of these* vessels reach the ■bone. If the periosteum be stripped from the 
suffice of the living bone,' small bleeding points arc seen which mark the entrance 
uf the pmio.uca! vessels ; and on section every part of the bone exudes blood froirq 
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the minute vessels which ramify in it. In the interior of the long hones of the 
limbs is a cylindrical cavity {cavuni medulhre) filled with medulla omum or m*rrw\ 
and lined with a membrane composed of highly vascular areolar tissue, called the 
me 1 Mar membrane or inter nai 1 periosteum. 

The periosteum adheres to the surfaces of the bones in nearly every part, but 
not to the cartilage covering their articular surfaces. When strong tendons or 
ligaments are attached to a bone, the periosteum is incorporated with them. It 
consists of two layers closely united together, the outer formed chiefly of white 
fibrous tissue, containing occasionally a few fat-cells? ; the inner, of elastic fibres of 
the finer kind, forming dense membranous networks, which can be again separate! 
into several layers. In young bones the periosteum is thick and very vascular, 
and is intimately connected at cither end of the bone with the epiphysial cartilage,, 
but less closely with the body of the hone, from which it is separate! by a layer "id 
soft tissue, containing a number of granular corpuscles or * osteoblasts,* bv which 
ossification proceeds on the exterior of the young bone. Later in life the periosteum 
is thinner and less vascular, and the osteoblasts are represented by a single layer of 
flattened cells on its deep surface. The periosteum serves as a nidus for the ramifica- 
tion of the vessels previous to their distribution in the bone ; hence the liability of 
bone to exfoliation or necrosis when denuded of this membrane by injury or disease. 
Fine nerves and lymphatics, which generally accompany the arteries, may also 
be demonstrated in the periosteum. 

The medulla osslum or marrow not only fills up the cylindrical cavities in the 
bodies of the long bones, but also occupies the spaces of the cancellous tissue ami 
extends into the larger Haversian canals. It differs in composition in different 
bones. In- the bodies of the long bones the marrow is of a yeltmr colour (metlM* 
osmium jfava), and consists erf a basis of connective tissue supporting numerous 
blood-vessels and cells, most of which are fat-cells, but some are fc iiummiMells/ 


Fin. 2&~~fluiimti kme-marrow. Highly magnified, 
SfirHiMnit tritk di riding nuctrti* 
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such as occur in the red marrow. In the flat and short bones, in the articular ends 
f the long bones, in the bodies of the vertebnn, in the cranial diplod, and in the 
iternum ribs, the marrow is of a red colour (medulla omumrubru)** Bed marrow 
conaistsof a stnali quantity of connective tissue, blood-vessels, aud numerous 
®^ (^r 29), a few of which are fat-cells but the great majority are spherical, 

: ^ P* 572) hss inveitigated the naked-eye anatomy of 

osM^g ^ vth^t ' wit ih« ; faonais« e»kcM»tit t hewier of 
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nucleated cells, termed nhfrlorp,^ or marrow-cells. The myelocytes resemble the 
leucocytes of the blood, and like them are amoeboid ; they contain grannies, either 
oxyphil, basiphil or neutrophil in reaction. A number of eosinophil cells and a few 
basiphil cells are also present. Amongst the myelocytes may be seen smaller 
nucleated cells, of a yellowish colour; these are the vryihrobhtsts or normoblasts from 
which the red corpuscles of the blood are derived by the disappearance of the nuclei, 
t * ia nt -cells ( wy* hyhrju •* » >r mefful'aryocylcs} similar to the osteoclasts described in con- 
nexion with the development of bone are also found in red marrow. In post-natal 
life the red marrow is the chief seat of the formation of the corpuscles of the blood. 

Vessels and nerves of bone, — The blood-vessels of bone are very numerous. Those 
of the compact substance are derived from a close network of vessels in the perios- 
teum. Vessels pass from this network into the minute orifices in the compact 
substance, and run in the Haversian canals which traverse it. The spongy sub- 
stance is sup] died in a similar way by larger vessels, which perforate the outer 
compact substance, and are distributed to the cavities of the spongy portion of 
f lic bone. In the long bones, numerous apertures may be seen at the ends near 
the articular surfaces; some of these give passage to arteries, but the greater 
number transmit veins from the spongy substance. The marrow of a long bone 
is supplied by an artery which enters the bone at the nutrient foramen ( foramen 
n off lei am). The vnfrwtt artery, usually accompanied by one or two veins, sends 
branches upwards and downwards, which ramify in the medullary membrane, and 
give twins to the adjoinimr Haversian canals. The ramifications of this vessel 
anastomose with the arteries of the spongy and compact substances. In most 
of the flat, and in many of the short, bones there are one or more large apertures 
for the transmission of nutrient vessels. Veins emerge from the long bones as 
follows : (I) one or two accompany the nutrient artery ; (2) numerous large and 

small veins emerge near the articular extremities; (3) many small veins pass out 
of the compact substance. In the flat cranial bones the veins are large and run 
in tortuous canals in the diploic tissue, the walls of the canals being formed by thin 
lamella} of bone, perforated here and there for the passage of branches from the 
adjacent diplne. The same condition is found in all spongy substance, the veins 
being enclosed and supported by osseous material, and having exceedingly thin 
coats, When a bone is divided, the vessels remain open, and do not contract in 
the eanuls in which they are contained. Lymphatic vessels , which communicate 
with those in the periosteum, are found in the Haversian canals. Nerves are 
distributed freely to the periosteum, and accompany the nutrient arteries into the 
interior of the bone. They are said to be most numerous in the articular extremities 
of the long bones, in the vertebra*, and in the larger flat bones. 

Km. 30, -A transverse .section through the compact substance of bone. 

Magnified. (Sharpey.) (From Quaiirs Elements of Anatomy.) 



Minute anatomy*— If a thin transverse section of dense bone be examined' with 
a low power of the microsr«u»c.ii will he semi to be mapped out into & number of 
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circular districts, each consisting of a central hole surrounded by u number 
of concentric rings. These districts are termed Haversian systems \ the central 
hole is a Haversian canal, and the rings are lamellm of bony tissue arm need 

concentrically around the central canal. 
Between these lamellae are a number **f 
small spaces termed lacunas which are 
connected, with each other and with 
the central Haversian canal by many 
fine radiatin'! channels called man! lent i. 
Filling in the irregular intervals between 
these circular districts are interstitial 
lamella/ with their lacuna* and eu?i;tlF 
euli, running in various directions* 
but .more or less parallel with the >ur. 
face (fig. 30). Again, other lamella* 
are found on the surface of the bone 
e«‘mph-ti‘ly encircling it ; they are termed 
circumferential or primary lamella*, to dis- 
tinguish them from those surrounding 
the Haversian canals, which are termed 
sermalanj lamella*. 

In a longitudinal section it will be o-ei» 
t hat the Haversian canals run parallel 
with the long axis of the hotm but bra rich 
and communicate* at: short intervals 
(fig, 31 ), They vary considerably in dze, 
but their average diameter is about 
0*05 mm, The canals near the medullary 
cavity are larger than those near the 
surface of the hone. Kadi canal usually 
contains a minute artery and vein, a small 
quantity of delicate connective tissue, and 
some nervedilaments ; in the larger .ones 
there are also lymphatic vessels, and cells 
with branching proee- M 
The lamdkv are thin plates of bony tissue.' They may be stripped off as thin 
films from a piece of bone which has been macerated in dilute mineral acid, If 
one of these films he examined with a high power of the microscope, it will he found 

Fie. 32. — The perforating fibres of a human parietal hone, decalcified, » H. Midler. ■■ 
(From Quoin V F.!*-m« m : of Anatomy, vol. ii. pfc, h, Microscopic Anatomy.* 
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to be composed of fine fibres identical with the white fibres of connective tissue. The 
matrix between the fibres is impregnated with lime-salts which the acid dissolves. 
The fibres are arranged in bundles, and fibres leave the bundles of one lamdlu to j*dn 
.khbaeof adjacent lamellae. Moreover, the fibres of one himella usually lurm an ;o-urc 
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angle with those of the contiguous layer ; in the Haversian systems, however, 
the fibres of adjacent lam elite run at right angles to each other. In many places the 
various lanudke are held together by tapering fibres, which run obliquely through 
them, pinning or bolting them together; these fibres were first described by 
Sharper, and were named by him jwrf orating fibres (fig. 32.) 

The liieunm are oblong spaces situated 
between the lamella?, and each lacuna is 
occupied during life by a branched hone-cell 
(fig. 33), the processes from which extend 
into the canal lead i. 

The eanaUmli are minute channels, cross- 
ing the lamella* and connecting the lacunas 
ofji Haversian system with one another, 
and with the Haversian canal. The canali- 
culi at the periphery of a Haversian system 
do not as a rule communicate with those 
of r. del; hairing systems, but form loops 
and return to their own lacunas. Thus 
every part of a Haversian system is supplied 
with nutrient fluids derived from the vessels 
in the Haversian canal and distributed 
through the canaliculi and lacunae. 

The hmnxH'lh occupy, but do not fill, the 
lacuna*. They are flattened nucleated 
branched cells, homologous with the 
lamellar cells of connective tissue ; their 
branches pass into the canaliculi. 

In thin plates of bone Haversian canals are absent. 

Chemical composition. - Bone consists of animal or organic, and mineral or 
inorganic, substances intimately combined. 

The animal substance forms about 33 per cent, of the total weight,* and may 
be obtained by immersing a bone for a considerable time in dilute mineral acid 
which will dissolve the mineral matter. The bone retains its shape, but is now 

Fig* 34. — A transverse section through a portion of the body of a human fibula, 

decalcified, x 250. 


Fig. 33. — Nucleated bone-cells and 
their processes, contained in the 
bone-lacunae and their canaliculi re- 
spectively. From a section through 
the vertebra of an adult mouse. 
(Klein and Noble Smith.) 




perfectly flexible, so that a long bone (one of the ribs* for example) can easily be 
tied m a knot. In a transverse section of such a softened bone (fig, 34), 1 Im arrange 
in cut of the Haversian canals, lamella*, lacuna*, and canaliculi can be recognised. 

r * H. K. It .idusrh (Proceedings of the Amerkan AssmittUon of Anatomists, Anatomical Record, 
vul ;‘! • vtO'-f t ii.-t* in 4 grmt 1 bona the organic substance averages 40*75 per cent. 



HISTOLOGY 

. ^ mineral substance may bo obtained l,»v ealeinai ion. which destroy- f ] lM 
anunal matter. The hum- retains its original form, but is white ami hrittie j,A 
liist about one-third of its original weight. and crumbles under the .-light,.,; f| , r , 
llte mineral su list, nice, composed chiefly of calcium phosphate, f, , rn ,. ,,h uu( (•,* 7 
•■cut. of the weight of the hone; it , seders m, bone' its hardness and rigidity. ^ Ml,, 
no* iimmal tmUf'r (tuxt i?> ro-slioricv und i fiwrjtw 

Ossification. Some hones, such as tine,. ,,f the roof and sides oj tic -1- 

preceded by membrane, btu most bones are preceded In- rods or ma'A’- ’ of 
".trtilaoe. ! fence two kinds of ossitieation are described : 'the ;V w ,«oo,o„, 
and the itttmmrtifofjmi'i*. 

Intr&inembranous ossification.— The membratte which occupies the a ( 

tiie future bone is of the nature of connective tissue, and ultimately forms ft,,. 
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periosteum ; u is composed of fibres ami granular cells in a matrix richlv aym. .! 
uitti t .too, i- vessels, i he peripheral portion is more fibrous, while in t’h** e'-mmi 
portion the ‘ails or mhMists predominate. At the outset of the process of I ..in- 
formation a little net work of fibres radiates from the centre of ossitieation The-,- 
rays consist at their {trowing points of a network of fine clear fibres and .-rur.hr 
corps- .m with an intervening ground-substance (tig, 35), The fibres are term-, I 
"" ' ? r ‘hres, and , Idler kttle from those of white til, runs tissue. Tin? membrane 

assumes a dark and granular appearance from the deposition of calcareous granules 
m tlie matrix between the fibres, and in the calcified material some of the t 

cells or osteoblasts are enclosed. Hy the fusion of the calcareous 
tissue again assumes a more t ran m.n',-i, t appearance, hut the fibres are 
so distinctly seem Hit* osteoblasts form the bom-edls of the future bone, the 
spaces 111 which time are enclosed eoustitnling the iaeuna*. As this process advance , 
a network of boat* is formed, the meshes of which contain the blood-vessels ami 
a delicate connective tissue crowded with osteoblasts. The bonv trabeeulie thicken 
f*> the addition of fresh layers formed by the osteoblasts on their surface and the 
!n ' ! '' '' n " rt!U ' tlwi . U 1 M " 1 - Hiib>,*ipientlv the bone increases 
A* ,T • of successive layers under the periosteum and round 

t iu. euger vascular tmaniieU which become the Haversian canals. 

Mracartilaginoas oisifieation.-Most of the hones are ossified in cartilage. 
Lick long bone, for example, is represented in early foetal life iiv a rod of h valine 

riT , Ci A lon co,nn *» c « in *•»« centre of the rod amf proceeds towards 
he ends, wh,ch for some time remain cartilaginous, Suhsemmmlv njii./ti.m 
. egms at one or more centres in either end, and graduailv extends, hut a m-.?h ; 
layer ot carttlap persists, constituting the articular cartilage. The ossified ext A* 
mmes do not, however, fuse with the body of the bone until growth has ceased ; 
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between the body ami either end a plate of cartilage termed the epiphysial cartilage 
persists throughout t lie* period of growth. 

At the centre of ossification, or point where the ossifying process begins, the 
cartilage-cells multiply and enlarge and become arranged in rows radiating from 
t lie cent re (tig. 3d). The matrix in which the cells are imbedded increases in quantity, 
s»» that the latter are further separated from each other. 

A deposit of calcareous material now takes place in this matrix, so that it presents 
a granular and opaque a pnearancm The cartilage-cells are enclosed in oblong 


cavities, the* walls of which arc 
formed of calcified matrix which cuts 
off all nutrition from the cells; the 
cells, in consequence, at roping leaving 
spaces culled the primary areola . 

* While this process is going on in 
the centre of the bar of cartilage, 
certain changes are taking place on 
its surface. This is covered by a 
very vascular membrane, the peri- 
e/mof/rbna, formed of connective 
t i ss t a* si m i la r f < > t hut: a 1 roa« 1 y de- 
scribed as constituting the basis of 
membrane-bone ; on the inner sur- 
face of this that: is to say. on the 

surface in contact with the cartilage 
'-are gathered the formative cells, 
the ostnJdasfx, By the agency of 
these cells a thin layer of bony tissue 
is laid down, between the perichon- 
drium and the cartilage, by the i at ra- 
tio H'hranaas mode of ossificat ion just 
described. There are then, in this 


Fig. 30. — A .section through a foetal bone of a 
cat. (From Quants Elements of Anatomy : 
Sir Edward .Sharper Schafer.) 



first stage, two pn*re-srs going on 
simultaneously ; in t he centre of the 
cartilage tin:* formation of a number 
of oblong spaces*, bounded, by calcified 
matrix and containing the withered 
cart ilage-eells, and on the surface of 
the cartilage the formation of a layer 
of true membrane- Irone. The second 
stage consists in the prolongation into 
I he cart iiage of proc-ss.es < >f t he deeper 
or osteugenetic layer of the pen- 
cil < > nd r i i mi ( rt < t w \ » * 1 r h c t < ■ u ? n ) ( f i g . 3 1 J , 
if), The pr< *eesses consist of blood- 
vessels and ceils osteoblasts, or hone- 
hum ers. and osteoclasts y or home 
d**>:t rovers. The latter are large, 



mult imniealed protoplasmic masses, 
and they excavate passage- through 
i he new-formed h«n«v hvo- hv «b- 


im. Subpcrhistwil btmy , ir. Irruption of the 

;i3»i »**rii *-:il tissue. eu J,u.v«r of iisttH! Wants, p. Fib- 
r« »‘.i layer i*i tin; iHjrftistrum. 


sorption, and, pass through it into the 

ea lei tied matrix (fig. 3S). Wherever these processes of the osteogeneth* layer come 
in contact with the calcified walls of the primary areolae they absorb them, and thus 
cause a fusion of the original cavities and the formal ion of larger spaces, which are 


termed t he stmotbug a not a or amlallarg spaces. These secondary spaces are filled 
w stfi mnhr, m.m marrow, consisting of osteoblasts and vessels, derived, in the manner 


described above, from tie* wyiie tic layer of the periosteum (fig, 37), 

llie walls of the secondary areola? increase in thickness by the deposition of 
layers of bom? on their surface. This process takes place in the, folhnvhm manner. 
Some of the ost ooblasts of the mnbryonir marrow, after undergoing rapid division, 
arrange | lemisidves as a layer on the surface of the wall of the space (fig, 37), This 
layer of osteoblasts forms a Ixm)* stratum, which gradually covers the wall of the 
space and in which some of the osteoblasts are' included as bone-cells, The next 
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iSta^'P in the proper consists in the removal of these primary hnne-spicufos hr the 
osteoclasts, one of which may be stem lying in a Howship's foveola at the froL rfi ,j 

of each spicule nine bn. The removal 

A part of a lorejifudinu! section 
the rh'velnp;*!'.: femur of a human 
Stained with ho rax carmine. 
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of the primary s 
passu with the for 
bom* by the periosteum, and in 
way the medullary cavity of the 
is formed. 

This series of changes ] »roee< 
gradually towards the ends of ? fm In ate, 
so that all the change* described a how 
may he seen in different* parts. Iron, 
the true hone at the centre of the 
body to the hyaline cartilage at the 
extremities. 

While the ossification of the raw 
tilagimms body h extending inward* 
tie*: articular ends, the epiphydul ear 
tiluge immediately in advance of the 
osseous tissue continue* to mow until 
the length of the adult hone is reached, 
The articular end. remains for some 
time cartilaginous, and then one or 
more secondary bony centres appear, 
and initiate in it, the process ofVmbtb 
cation; but the extremity remains 
separated from the body of the 
bone by t hi? epiphydal cartilage for a 
definite time. This cartilage ulti- 
mately ossifies, and the lame assume* 
its rninpjeted form a nd shape* Tin* 
same remark applies to such pron •sses 
of bone as are ossified front separate 
- , v < t-m trochanters of the femur. Hones increase in length bv 

osafiratwn «•<>«» mum.!? to extend into the cartilage, whhrh rums <,h 
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deposition of new bone, from the deep layer of the, periosteum, on their external 
surfaces, and at the same time an absorption takes place from within, by which the 
medullary cardies are increased.. 

* .i^ ie ^ permanent bone formed by the periosteum when first laid down L pmmv 
m structure. Later the osteoblasts contained in its spaces form the e«.uc!*iitrv 
hi vers characteristic of the Haversian systems, and are included as bom-mite 
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The number of ossific centres varies in different bones. Most of the short 
bones are ossified from a single centre. In each long bone there is a primary centre 
for the boclv, or diaphysis ; and one or more secondary or epiphysial centres for 
each ext: remity. ^ That for the body is the first to appear. The times of union of the 
f‘pip]iyses with the body vary inversely with the dates at which their ossifications 
begin (with the exception of the fibula) and regulate the direction of the nutrient 
arteries of the bones. Thus, the nutrient arteries of the bones of the arm and 
forearm are directed towards the elbow, since the epiphyses at this joint become 
united with the bodies of the bones before those at the opposite extremities. In 
the lower limb, on the contrary, the nutrient arteries are directed away from the 
knee ; that is, upwards in the femur, downwards in the tibia and fibula ; and in 
them it is observed that the epiphyses at the upper end of the femur, and those at 
t he lower ends of the tibia and fibula, unite first with the bodies. Where there is only 
one epiphysis, the nutrient artery is directed towards the other end of the bone. 

Parsons * groups epiphyses under three headings, viz. (I) pressure epiphyses. 
appearing at the articular ends of the bones and transmitting "the weight of the 
budy fr«;m bone to bone'; (2) traction epiphysis, associated with the insertion 
of muscles, and ‘ originally sesamoid structures though not necessarily sesamoid 
bones ' ; and (3) atavistic epi physes, representing parts of the skeleton which at 
one time formed separate lames, but wliieh have lost their function ‘ and only 
appear as separate ossifications in early life. 5 

The description here given of the development and growth of bone is in accordance 
wit h the generally accepted view. Maeewen t has, however, given another account. 
He asserts that the osteoblasts are produced by division of the nuclei of the cart i la go- 
eel Is, and that bone-formation is brought about by these cells, the periosteum 
taking: no part in the process. He concludes that the function of the periosteum in 
the development of bone is mechanical, and is confined to limiting the degree of 
growth and deciding its direction. 

Applied Anatomy. - A knowledge of the arrangements of the nutrient vessels of bones 
is important in studying injuries and inflammatory conditions to which bones are liable. 
The free supply of blood to the epiphyses of the long bones is one reason why necrosis does 
'not extend the whole lengt h of the bone. The outer portion of the compact tissue is supplied 
by periosteal vessels, many of which reach the periosteum through the attachments of the 
muscles. Where the muscles are well-developed their blood -supply is abundant, and the 
periosteum is also well supplied with blood, so that the bones are strongly developed and 
their ridges prominently marked. Conversely, if the muscular development be poor, the 
bones are thin and light. 

When the periosteum becomes separated by extensive injury or inflammatory exuda- 
tion, the underlying compact tissue, being deprived of its blood-supply, undergoes 
necrosis, Le, dies,' and the dead part, is termed a sequestrum. In eases of acute infective 
periostitis the inflammatory process affects the whole or a great portion of the diaphysis 
of a long bone, and the body of the bone dies very rapidly, especially if the single* nutrient 
artery be thrombosed at the same time. The pus which has formed beneath the peri- 
osteum Is set free by the bursting of the periosteum or by a timely incision ; the 
periosteum then falls hack on the necrosed diaphysis and rapidly forms a layer of new 
tame surrounding the sequestrum. This layer is called the inwtuerum , and the openings 
in it through which the pus escapes arc termed cloaca:. 

In another type of inflammation of bone the process begins deeply in the growing portion 
of the epiphysis, and affects mainly the medullary canal, and is known as osteomyelitis ; 
very frequently it coexists with acute infective periostitis and the condition is then spoken 
of m acute infective necrosis of bone, or acute diapkyMtis . When the medullary cavity is 
filled with pus, septic thrombosis of the veins in the Haversian canals takes place, and 
there is great danger of septic emboli being displaced and carried into the general eireulat ion. 
thus setting up a fatal pyaemia ; in fa«*t pya-iuia is more frequently due to septic hone 
conditions than to any other cause. 

The factors involved in the development and growth of bone must he remembered in 
dealing with the various injuries and diseases that occur during childhood and adolescence. 
A bone increases in circumference by the deposition on its external surface of new bone 
from the deeper layer of the periosteum, and in length by ossification continuing to 
extend in the epiphysial cartilage, which goes on growing in advance of the ossifying 
process. 

In infantile paralysis where several muscles of a limb become paralysed at a very early 
period of childhood, the muscles become flaccid and atonic, and their blot.d-snpply is 
greatly diminished. The periosteal blood-supply suffers and consequently very little 

* Journal of Anatomy and Physiology, volts, xxxviii., xxxix., ami xlil 
f The growth of tome, by Sir William Maeewen. 
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fresh osseous tissue is added to the outer surfaces of the bones. In such cases, although 
the limb continues to grow in length at the epiphysial cartilages, its length is less than 
that of the normal side, owing to the imperfect nutrition; but the must striking feature? 
about all the long bones of the limh is their extreme thinness. 

Since increase in the length of n bone depends on continued growth at the epiphysial 
cartilages, it is necessary that great care should be taken not to interfere with these in 
dealing with disease in the neighbourhood of an epiphysis. A knowledge of the periods 
when the epiphyses join the diaplivses is often of importance' in medico-legal enquiries. 
It is also of practical utility in deciding the nature of an injury in the neighbourhood of 
a joint, since separation *of an epiphysis may simulate a fracture or a dislocation. 
Further, when amputation through one of the long bones is called for in a young subject 
the activity of growth at the epiphysial cartilage must he borne in mind. As special 
cases, amputation through the humerus or tibia may he cited, since in these bones the 
proximal epiphyses art? late in joining the diaphysrs. If sufficient allowance be not 
made for this by cutting Jong flaps, the portion of tho diaphysis remaining will cunt in ye 
to grow' till its distal end projects through the stump — a condition known as 
slump. 

Some of the epiphyses lie entirely w ithin the articular wipsulos of their roriv»pMRdtiig 
joints, and in such cases disease of th« epiphysis Is practically synonymous with disease, 
of the joint. The best examples of intra •articular epiphyses are those of the head of tho 
femur and the head of the* humerus ; the vast majority of cases of tuberculous* disrate nf 
the hip start as a tulauvulous cpiphyrfr H about the intm-articular epiphysial cartilage of 
the femur: cases of acute septic arthritis of the sh'mider* or hip- joints generally have 
their origins in the iiitm-articiihir epiphysial cartilages, and often result in separation of 
tic affected epiphysis. Where ait epiphysial cartilage is extra-art itsidnr* disease in if do*?# 
not tend m readily to involve the joint; thus rhe epiphysial cartilage of the greater 
trochanter of the femur and that of the upper end of the tibia arc »>tt trifle the joint,- 
capsules, so that If a chronic tuberculous iilwcss should form in either of these enrlilngw, 
its spread into the joint may fat? prevented hv early operation. 

Premature arrest of growth of the epiphysial cartilages results in too early junction 
of the epiphyses with the diuphy>vs ipnmuhw uttnmtmisU This brings to an end the 
growth in length of the l wines, and is r»m? «f the causes of dwarfism. iVrsons in whom 
tills hits occurred will have the head and trunk of normal size, but the logs and firms 
disproportimmtdy short though often very strong. 


THE CIRCULATING FLUIDS 

The circulating fluids of the body are the Wood and the lymph. 

Tub Br/itm 

The blood is an opaque, rather viscid fluid, of a bright ml or scarlet colour 
whim it flow# from the arteries, of a dark red or purple colour when it flow# from 
the veins. It is wait to the taste, and has a peculiar faint odour and an alkaline 
reaction. Its specific gravity is about 1*000, and its temjHsrature is generally about 
37° (!., though varying slightly in different parts of the body. 

If a thin film of blood he examined under the microscope it is seen to <mm*l of a 
faintly yellow fluid, the plmmn or liqutn mnguini*, in which are suspended numerous 
minute particles, the bloml -corpuscles, 

The blood«€orpuscles are of three kinds : (!) coloured corpuscles or erythrocytes, 
(2) colmirim carpUHcles or leiM*noytcs T (3) blood -platelets. 

1. The coloured or red corpuscles (erythrocytes) are circular discs, biconcave in 
profile. The disc has no nucleus, but, in consequence of Its. biconcave shape, it 
presents, when seen on the flat, a central area which, when the more prominent 
peripheral rone of the corpuscle is in focus, appears dark, and so simulates a nucleus 
(fig, 39, o). The corpuscles vary slightly in' rise even in the same drop of blood,' '.but, 
the average diameter of each is about Vnp, and the thickness about 2/*. Resides 
these there are certain smaller corpuscles of about one-half of the sire just indicated ; 
these '.it* ^ttrnaed wieweytes, and are very scarce in normal blood-; in dlseased'eondi< 
tioni (eig. anaenria), However, they are more numerous. It is to the aggregation of 
tluat the blood owes its red hue, although when exaiuined bv 
transmitted light their colour appears to be only afaintreddbh yellow. The 
oltcd imr^uiMdiijn'a;<mbic millimetre of blood is about 5,000,000 in a roam 
an34,5<X),OO0^^ an adult would 

off'mlxmfeApOOOsqtMurto.yttids 



THE BLOOD 


•If the mysi-ntory of a living animal be spread out and examined under the micro- 
the blond D seen to flow in a continuous stream through the vessels, and the 
corpuscles show no tendency to adhere to each other or to the walls of the vessels. 
But when blood is drawn and examined on a slide, the corpuscles tend to collect 
into heaps like rouleaux of coins (tig. 39, c). During life the red corpuscles may be 
seen to change their shape under pressure so as to adapt themselves, to some extent, 
to the size of the vessel. Thev 


arc. however, highly elastic, and 
speedily regain their form when 
the pressure is removed. They 
are readily influenced by the 
medium in which they are placed, 
ip 0-9 per cent, sodium chloride 
solution, which is isotonic with 
human blood- plasma, they are 
unaltered in shape. In hypotonic 
solutions they swell up, become 
globular, and finally rupture, 
owing to the passage of water 
fnnu tin* .-urrmmding medium into 
1 ill* rorpu.-ele (Y/,//o suins/s). Ill 
hypertonic solutions, e.g. 2 per 
cent, sodium chloride, water passes 
in the reverse direction (emmosis) 
and the corpuscle shrinks and 
becomes cremated in appearance 
(tig. 39, </). The surface layer of 
the ervthroevte thus behaves as a 


Fig. 39. — Human red blood-corpuscles, x 1500. 
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membrane which is permeable to water, but not to salts (semi-permeable membrane), 
ami, for this and other reasons. Sharpey Schafer believes that each corpuscle consists 
of an envelope containing the coloured substance, haemoglobin. According to another 
view, the erythrocyte consists of a stroma or sponge-work permeated by the hemo- 
globin. The stroma or envelope consists mainly of cholesterol, lecithin, and nueleo- 
protein. 

The colourless corpuscles or leucocytes are of various sizes. 3n human blood 
the majority are rather larger than the red corpuscles, and measure about 10/x 
in diameter. On the average, from 7,000 to 12,000 leucocytes are found, in each 
cubic millimetre of blood. 


Fig, 40.-— Varieties of colourless <** »rpnso]es found in human blood, stained with 
Irishman’s stain, X 1500. 



Ea4ti<i};hil ctirpizscltfs. b, ■p.»Iyni*.ri,Iieim»;It*iir li-ur.»cyt«tt*- e. Hyaline cell or macrocyte 

tl. Lvmjihoi*y{ 


They consist of minute nucleated masses of protoplasm, and exhibit several 
varieties, which are differentiated from each other chiefly by the occurrence or 
non-occurrence of granules in their protoplasm, and by the staining reactions 
of these granules when present (fig. 40). (1) The most numerous and importar* 
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are termed pohfmorpkon mlmr leucocyte* ; they are irregular in shape in the living 
condition, arc pn^t-s.-cd of th.e power of amodsoid movement. and contain nuclei 
which often *■* tii.- i.-i of two or three purls fm-ikiosrF/o) connected together bv 
lute:* threads of chromatin. When at rest or «:■ imy arc spherical in shape as 
a rule. The protoplasm contains a number of very fine granules, some of winch 
stain with acid dyes, others with neutral dyes, and are therefore called ttsyph * 7 
or ufnimpkil respectively. They constitute fiO to 70 per cent, of the total number 
of the colourless e,»rpij-rb-s. (2) A second variety comprises from 1 to 1 per com . 
of the leucocytes ; they are larger than the previous kind, and are made up u f 
eoursely^ granular protoplasm, the granules being highly refract lie ami grouped 
round single nuclei of horseshoe shape. The granules stain deeply w it h eosin, 
and the cells are therefore often termed aasimphil corpuscles. (3) A third varietv 
is called the lojaUtw cell or tmcroey(t\ This is usually a bruit t he same >me ;js 
the eosinophil cell, and, when at rest , is r d sha { »e and contains a Anglo 
round or oval nucleus. The protoplasm : • * ••••• granules, but is teat; quite 
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! rum par* ■? i? . having the appearance of ground glass, (4) A fourth kind i* rb*Ag 
tutted t he ljmpbnr.it* , b. mm use it is idmum.-d v. it h the cells derived from tie* lymph- 
glands, or « *t K*- r lympleud tissue, They an* the smallest of the huj.oi.-vn aid 
each consists of a spheroidal nucleus surrounded by a small o\*and? v of homogeneous 
protoplasm. The third and fourth varieties together .-«»?. unite !;■■:*; 20 to Mu per 
cent, of the colourless corpuscles, but of the two varieties the lymphocytes are bv far 
the more numerous. Leucocytes having in their pr*'tophi,.m granules which stain 
with haste dyes i A A- have been described as occurring in human blond, but 
they are rarely found except in disease. 

The colourless corpuscles are very various in shape in Living blood ffig. flu 
bemuse many of them have the power of constantly changing their form, bv 

protruding linger .dm ped or filamentous pro- 

Fill. -la. I liijhl v g t! "‘ ir by wiii.-h thr.v in-.v 

and take up granules trout the surrounding 
medium. In luenmotion the «m!-j<u.vc]«* pu>hes 
out a process of its substance a /»vWo/i>iAAo/n 
as it is called u nd gradually t he rest of t he body 
flows into it. In the same way when any 
granule or particle comes in its way the cor- 
puscle prot rudes a pscudopudium towards it . and 
then draws the particle into its own snloiance, 
By means of these mneeboid properties the rods 
have the power of wandering or ••migm* im* 
from the blood capillaries by penet rating 
between the cells which form their wall* and 
thus finding their way into tin? t\xfru vascular 
spaces* The solid chemical constituents of 
leucocytes are nudeo- protein, globulin. fat, 
cholesterol, lecithin, glycogen, and .srive 

The blood-platelets (fig, 12} arc discoid or 
irregularly shaped, colourless, refract ilc bod it?#, 
much smaller than the rat corpus«-lc,. Each 
contains n central chromatin mass resembling a nucleus. Bl»»od- plat elm •• possess 
the power of amoeboid movement. When blood is shed they rapidly didnmgram 
and form granular masses, setting free tkmmimkimne, a substance which lakes part 
in the production of fibrin arid so is concerned in bringing about the eoagulmj.m 

of the blood* It is doubtful whether platelets exist normally in circulating hi L 

The development of the blood morpuseles is described on pp, JCKl, 110. 


mmmifi* d, i After Kop^eh. i 
» From Shsirpoy Schafer** Essen. 
Unis of lij'-lokigy.i 
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The Lymph 

The lymph is a transparent, colourless or slightly yellow fluid, which is conveyed 
into the Mood by a set of vessels named lymphatics. These vessels arise in nearly 
all parrs: of the body as / ynrpb-ra pillaries. They take up the fluid which has exuded 
from the blood -capillaries for the nourishment of the tissues, and return it into 
the veins. The. greater number of these lymphatic vessels empty themselves 
into tlm thoracic dad , which ascends in front of the vertebral column and opens 
into the junction of the internal jugular and subclavian veins on the left side of 
the root of the neck. The remainder empty themselves into a smaller duct which 
coals in t he corresponding veins on the right side of the neck. 

Lymph is a watery fluid of sp. gr. about P015 ; it closely resembles the blood- 
plasma, but is more dilute. When it is examined under the microscope, leucocytes 
of the lymphocyte class are found floating in the transparent fluid ; they are always 
increased in number after the passage of the lymph through lymphoid tissue, as 
in lymph-glands. 


MUSCULAR TISSUE 

Muscular tissue is composed of bundles of reddish fibres endowed with the pro- 
perty of contractility. There are three varieties of muscle, (1) striped or voluntary , 
(2 1 unstripcd or involuntary, and (3) cardiac. The muscles which are concerned 
with the movements of the bony skeleton, the 

skeletal muscles, are composed of striped fibres, p IG . 4^— A transverse section 
* and are under the control of the will. The through human striped muscle 

muscular coats of the stomach and intestines, fibres, x 255. 

uterus, bladder and blood-vessels, on the con- 
trary, are formed of unstriped fibres, and their 
movements are involuntary. Some striped 
muscles, however, arc not under voluntary con- 
trol, namely, those forming the walls of the 
pharynx and upper part of the oesophagus, 
iardiac muscle is intermediate in position 
between the other two varieties. Its fibres are 
striped, but involuntary, and they differ from 
both striped and unstriped muscle in structure. 

The striped muscular fibres are arranged in 
bundles or fasciculi , in which the individual 
fibres are parallel to each other. Each fasciculus 
has a connective tissue sheath, called the peri- 
nojsinm, prolongations of which run into the 
bundle, binding tin* fibres together and constituting the endomysium. A muscle is 
1 ■* a 11 p* ‘.si *il of a number of fasciculi, held together and surrounded by connective 
tissue which is known as the rpirnysrum. The fasciculi are of different sizes in 
different muscles, and are for the most part placed parallel to each other, though 
they usually converge towards the tendinous attachments. The connective 
tissue framework of the muscle contains the blood-vessels and nerves which 
supply it. 

A muscular fibre consists of a soft contractile substance, enclosed in a tubular 
dmath called the sarcolemnta. The fibres are cylindrical or prismatic in shape 
(fig. \?*U and an:* of no great length, not exceeding as a rule 40 mm. Their breadth 
varies in man from (Mil mm. to OT mm. As a rule, the fibres do not divide or 
anastomose 1 but occasionally, especially in the tongue and facial muscles, they 
may be seen to divide into several branches. In the substance of the rnusele, 
the fibres end by tapering extremities which are joined to the ends of other 
fibres by t he sareolemma. Where a muscle joins its tendon, the sareokmma covering 
the end of each muscle -fibre blends with a corresponding group of the fine fibres 
of 1 lie tendon. Tin* muscular <uhstum-e of the fibre can readily be made to retract 
from the point of junction. Tin- areolar tissue between the fibres is prolonged 
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into the tendon, so as to form a kind of sheath around the tendon-bundles for 
a longer or shorter distance. When muscular fibres are attached to skin or 

mucous membranes, this sheath becomes continuous 
with the areolar tissue of these structures. 

The sarcolemma, or tubular sheath of the fibre, i> a. 
transparent, elastic, and apparently homogeneous mem 
brane of considerable toughness, so that it sometime- 
remains entire when the included substance is ruptured 
On the internal surface of the sarcolemma in mum mafia 
and also in the substance of the fibre in Irons, elongate? 


Fig. 44. — Striped muscle- 
fibres from the tongue 
of a cat. x 250. 
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nuclei are seen, and surrounding each of these is a 
granular protoplasm. . 

Upon examination of a voluntary muscular 
by transmitted light, it is found to be marked In- 
nate light and dark bands or stria*, which pass 
versely across the fibre (fig. 44). When exam in* 
polarised light the dark bands are found to be d 
fb dig* refracting (anisotropic). while the clear stripes are sin 
refracting (isotropic). The dark and light bands 
°f nearly equal breadth, and alternate wills great re- 
iarity ; they vary in breadth from about 1//. to 
When the fibre is deeply focussed a dark line may 
seen running in the middle of the clear stripe. This is known as /io/oVb /bo 
Krause's membrane . In fibres which are in the extended condition the dim Or 
is often seen to be divided by a 
clearer line, Henseris line , 

Under hi 

there are indications that the 
striped muscle-fibre is made up 
of a large number of fibrils, 
known as sarcostyles , together 
with an inter fibrillar material, 
or sarcoplasm (fig. 45, B), When 
a fibre is treated with weak 
acid it becomes clearer, and the 
sarcoplasm is visible as fine, 
longitudinal, parallel lines. At 
the junction of the dim and clear 
stripes these lines often show 
bead-like enlargements in the 
extended condition of the fibre. 

Examination of transverse sec- 
tions of individual fibres shows 
that each sarcostyle is sur- 
rounded by sarcoplasm, and 
that the sarcostyles are arranged 
in groups called muscle-columns, 
the groups being separated by 
a relatively larger amount of 
sarcoplasm than the separate 
fibrils. The sections of muscle- 
columns, defined in this way, 
constitute what are known as 
Cohnheim’s areas . 

When the sarcostyles are separated by suitable methods if becomes evident that 
each exhibits alternate dim and clear portions, with Dohie's and Hensons lines, 
and that the striped appearance of the fibre is due to the apposition of the voiim 
spending segments of the fibrils of which it is composed . 

Sharpey Schafer has worked out the minute anatomy of muscular fibre, 
particularly in the wing-muscles of insects, which are peculiarly adapted for this 
purpose on account of the relatively large size of the sarcostyWand the* ease with 
which they can be separated. In the following description that given by Stmrpey 
Schafer is closely followed. 
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A sareostyle may be said to be made up of successive portions, each of which 
is termed a sarcomere . The sarcomere is situated between two membranes of 
Krause, and consists of (1) a central dark part, which forms a portion of the dark 
band of the whole fibre, and (2) a clear area at either end, each forming, with, the 
corresponding clear part of the adjacent sarcomere, the light band of the fibril. 
The central dark segment really consists of two parts, and when the fibre is stretched 
these two parts become separated from each other at the line of Hensen (fig. 46, A). 
The clear areas are well marked in the extended sareostyle, hut in the contracted 
sareostyle they are small or altogether absent (fig. 46, R). 

The central dim portion, or sarcous dement , does not lie free in the sarcomere, for 
when the sarcnsi yh- is stretched, very fine lines, which are probably septa, may be 
seen running through the clear portion from the sarcous element to the membrane 
of Krause*. 

Sharpey. Schafer explains these phenomena in the following way. He considers 
that each dim segment contains a number of longitudinal channels, which open into 
tin* clear part towards the membrane of Krause but are closed at the line of Hensen. 
\\ lien the muscular fibre contracts the clear part of the muscular substance passes 
into these channels or tubes, and is therefore hidden from sight, hut at the same 
time it swells up the sarcous element and widens and shortens the sarcomere. 


Ido. 46. — A diagram of a sarcomere. (After Sharper Schafer.) 

A. In a moderately extended condition. B. In a contracted condition. 
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h. Line of ilcuscn. /*,/•* MembrmiesofKraM.se. s.k, Sareeus element, 

When, cm the contrary, the fibre is extended, this clear substance is driven out 
of the tidies and collects between the sarcous element and the membrane of Krause, 
and gives the appearand* of the light part between these two structures ; by this 
means it elongates and narrows the sarcomere. 

Bharpev Schafer has shown that, if this view be correct, it harmonises the cont rac- 
tion of muscle with the amoeboid action of protoplasm. In an amoeboid cell there is, 
according to one view of the structure of protoplasm, a framework of spongioplasm, 
enclosing in its meshes a clear substance, hyaloplasm. Under stimulation the 
hyaloplasm passes into the pores of the spongioplasm ; without stimulation it tends 
to pass out, as in the formation of pseudopodia. In muscle there is the same thing, 

viz. a framework of spongioplasm the substance of the dim segment ; and this 

encloses a clear hyaloplasm, the clear substance of the sarcomere. During con- 
traction of the muscle — i.e. under stimulation — this clear substance passes into the 
pores of the spongioplasm ; while during extension of the muscle — i.e. when there 

is no stimulation- it tends to pass out of the spongioplasm. In this way the 

contraction is brought about ; under stimulation the protoplasmic material (the 
clear substance of the sarcomere) recedes into the sarcous element, causing 
the sarcomere to widen out and shorten. The contraction of the muscle is merely 
the sum total of this widening out and shortening of these bodies. 

Vessels and nerves of striped muscle.— The capillaries of striped muscle are 
very abundant, and form a sort of rectangular network, the branches of which run 
longitudinally in the endumysium between the muscular fibres, and are joined at 
short intervals by transverse anastomosing branches* In the red muscles of the 
rabbit dilatations occur on the transverse branches of the capillary network. The 
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larger vascular channels, arteries and veins, are found only in the perimysium, 
between the muscular fasciculi. Nerves are profusely distributed to si rip »od muscle. 
Their mode of termination is described in the chapter on Neurology. Lymphatw 
vessels do not occur in striped muscle, though they have been found in tendons and 
in the sheaths of the muscles. 


The unstriped, plain, or involuntary muscle is found in the following situations « 
in the lower half of the oesophagus and the whole of the remainder of the gastro- 
intestinal tube ; in the trachea and bronchi ; in the gall- 
Fig. 47.— Muscle-fibres bladder and common bile-duct : in the lame duets of the 


from the small intes- sa p V ary and pancreatic glands ; in the pelvis and calyces 
Elements 1 01 of tl Aria- ^ ie kidney, the ureter, bladder, and urethra; in the 
tomy, vol. ii. pt. i., female sexual organs — viz. the ovary, the uterine tubes, 
Microscopic Anatomy’ the uterus (enormously developed in pregnancy), the 
by Sir Edward Shar- vagina, the broad ligaments, and the corpora cavernosa 
pey Schafer.) of the clitoris ; in the male sexual organs- viz, the Dart os 



A. Complete cell. B. Broken 
cell showing delicate ex- 
ternal layer. 


of the scrotum, the ductus def creates and epididyuies, 
the vesiculce seminales, the prostate, and the corpora 

Fig. 48. — Anastomosing muscular fibres of 
the heart seen in a longitudinal section. 

On the right the limits of the separate cells 
with their nuclei are exhibited somewhat 
d iagrara rnafcica l ly . (Bel i weigger-Sddol, ) 



cavernosa of the penis and urethra ; in the capsule uml 
trabeculae of the spleen ; in the mucous membranes, forming 
the muscularis mucosae ; in the skin, forming the Axmdores 
pilorum, and also in the sweat-glands; in the mammary 
glands ; in the arteries, veins, and lymphatics ; in the br- 
and the ciliary muscle. 

Unstriped or plain muscle is made up of spindle. shaped 
cells (fig. 47), collected into bundles and held together by 
a cement-substance. These bundles are further aggregated 
into larger fasciculi, or sheets, bound together by ordinary 
connective tissue. 


The cells are elongated, spindle-shaped, and nucleated, and are of various 
sizes, averaging from 40 /a to 80g in length, and 6 /a to 7/x in breadth. On transverse 
section they are more or less polyhedral in shape, from mutual pressure. Earli 
presents a faint longitudinal striation and consists of an elastic cell-wall containing 
the contractile substance, and an oval or rod-like nucleus. A centriole lies dose 
to the. nucleus. The fibres are attached to one another by a certain amount of 
interstitial cement-substance which reduces nitrate of silver, but in some region*, 
f-g\ hhe muscular coats of the intestines, the muscle-cells are also connected by 
bridges * similar to those which occur in the prickle-cells of the epidermis. 

Sheets of smooth muscle frequently exhibit rhythmical contractions, which 
~-:e more sluggish than the contractions of striped muscle and in many cases trawl 
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Fig. 49. — Purldnje’s fibres from 
the sheep’s heart, x 250. 


along the membrane in the form of waves. Such waves are well marked in the wall 
of the intestine. Contraction is often excited by a mechanical stimulus, as distension, 
for example, in the urinary bladder. 

The cardiac muscular tissue. — The fibres of the heart differ very remarkably from 
those of other striped muscles. They are striated both transversely and longi- 
tudinally, but the striation, as compared with that of striped muscle, is faint and 
indistinct. The fibres are made up of quadrangular cells joined end to end so as 
to form a syncytium (fig. 48). Each cell contains a clear oval nucleus, situated 
near its centre. Many of the cells branch or divide, the subdivisions uniting with 
offsets from other cells, and thus producing an anastomosis of the fibres. The 
connective tissue between the bundles of fibres is much less than in ordinary striped 
muscle, and no sarcolemma has been proved 
to exist. 

Purkinje’s fibres (fig. 49). — Between the 
endocardium and the ordinary cardiac muscle 
are found, embedded in a small amount of 
connective tissue, peculiar fibres known as 
Purkinje’s fibres . They are associated with 
the terminal distributions of the atrioven- 
tricular bundle. The fibres are very much 
larger in size than the cardiac cells and differ 
from them in several ways. In longitudinal 
section they are quadrilateral in shape, being 
about twice as long as they are broad. The 
central portion of each fibre contains one or 
more nuclei and is made up of granular proto- 
plasm, with no indication of striation, while 
• the peripheral portion is fibrillated and has 
transverse striations. The fibres are intimately 
connected with each other, possess no definite 
sarcolemma, and do not branch. They form a 
considerable portion of the moderator band in 
the heart of the sheep. 

The atrioventricular bundle (see chapter on 
Angiology) is composed of cells which differ 
from ordinary cardiac muscle-cells in being more 
spindle-shaped. They are, moreover, more 
loosely arranged and have a richer vascular 
supply than the rest of the cardiac muscle. 

Development of muscle-fibres.— Voluntary 
muscular fibres are developed from the meso- 
derm, the embryonic cells of which elongate, 
show multiplication of nuclei, and eventually 
become striated ; the striation is first obvious 
at the side of the fibre, spreads around the 
circumference, and ultimately extends to the 
centre. The nuclei, at first situated centrally, gradually pass out to assume their 
final position immediately beneath the sarcolemma. in the case of involuntary 
muscle the mesodermal cell assumes a pointed shape at the extremities and becomes 
flattened, the nucleus also lengthening out to its permanent rod -like form. 
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A. In longitudinal section. 

B. In transverse section, 


NERVOUS TISSUE 

The nervous tissues of the body comprise the brain, the medulla spinalis or 
spinal cord, the cerebral, spinal, and sympathetic nerves, and the ganglia connected 
with them. 

The nervous tissues are composed of nerve-cells and their various processes, 
together with a supporting tissue called neuroglia , which, however, is found only 
in the brain and medulla spinalis. Certain long processes of the nerve-cells are 
of special importance, and it is convenient to consider them apart from the cells : 
they are known as nerve-fibres . 

G.A. B 
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‘ To the naked eye a difference is obvious between certain portion <.»* uie pram 
and medulla spinalis, viz. the grey substance, and the uititr sub.d-aurm The 
grey substance is largely composed of nerve-cells, while the white subst-anr# con- 
tains only their long processes, the nerve-fibres. It is in the former that nervous 
impressions are received, stored, and transformed into efferent impulses, and by 
the latter that they are conducted. Hence the grey substance forms tlm essential 
constituent of all the ganglionic centres, both those in the isolated ganglia find 
those aggregated in the brain and medulla spinalis; while the white substance 
forms the bulk of the commissural portions of the nerve-centres and the jmrtphml 
nerves. 

Neuroglia, the peculiar variety of connective tissue which binds together the 
true nervous constituents of the brain and medulla spinalis, consists of cells and 
fibres. Some of the cells (spider-cells) are stellate in shape, with ill-defined eelbhod y, 
and their fine processes become neuroglia fibres, which extend radially and tiri- 
branched (fig. 50, B) among the nerve-cells and fibres which they aid in /upporHng, 


Fig. 50.— Neuroglia-cells of the brain shown by Golgi’s method. (Aft. r 
(From Sharpey Schafer’s Essentials of Histology.) 



A. Arborescent cell with branched processes. 
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apparently connected with a cell, one of the fibres is really derived from an adjoining 
nerve-cell and is passing to end in a ramification around a unipolar cell, or, again, 
it may be coiled spirally round the nerve-process which is issuing from the cell. 
(3) Multipolar cells are pyramidal or stellate in shape, and characterised by the 


Fig. 51. — Various forms of nerve-cells. 



numerous processes which issue from them. The processes are of two kinds : one 
of them is termed the axis-cylinder process or axon because it becomes the axis-* 
cylinder of a nerve-fibre (figs. 52, 53, 54). The others are termed the protoplasmic 
processes or dendrons ; they begin to divide and subdivide as soon as they emerge 
from the cell, and finally end in minute twigs. The axons of certain multipolar 


Fig. 52. —A motor nerve-cell from the anterior horn of the medulla spinalis of an ox, 
stained with methylene blue. x5Q0. The spindle-shaped NissPs granules are, 
shown. The dendrons and axon are broken off close to the cell. 



cells terminate by arboreseence close to the cell-bodies ; such cells were called by 
Golgi multipolar cells of the second type. 

The body of the nerve-cell is known as the cyton. In fixed and stained prepara- 
tions it consists of a finely fibrillated protoplasmic material in which there are 
occasionally patches of a deeper tint, caused by the aggregation of pigment-granules 
at the sides of the nuclei, as in the substantia nigra and locus cieruleus of the brain* 
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The protoplasm also contains peculiar angular masses of granules, which stain 
deeply with basic dyes such as methylene blue ; these are known as *Y>W\v 
(fig. 52). They extend into the dendritic processes but not into the u.\i~-rylin*h*r : 
the small clear area at the point of exit of the axon is termed the vm.* <>f .>, 0 Y. 
These bodies disappear ( chromatolysis ) during fatigue or after section of the nerve - 
fibre connected with the cell. They are supposed to reju-escnf a store of nervous 


Fig. 53. — A pyramidal cell from the 
cerebral cortex of a mouse. Golgi 
method. (After Bamon y Cajal.) 



energy, and in various mental diseases are deficient or absent. The nucleus is m 
a rule, a large well-defined body, with a relatively small amount of chromatin, ami 
contains a well-marked nucleolus. 


In addition to the protoplasmic network described above, each nerve-cell may 
be shown to have debcate neurofibrils running through its substance (fig, 55) ; thaw 
fibrils are continuous with the fibrils of the axon, and are believed to convey nerve- 
oT^ny ne^ve^Yr ^ network of fine branching fibres is a characteristic feature 


Mott and Marinesco have shown that, when living nerve-cells are examined bv 

be lk sefn° im Th^e 1 Zf 10n n ® ither » b f ies nor fibrils of any' kind 

can be seen. The constancy of the occurrence of both these structures i„ f u ,,| 
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preparations, however, indicates that they represent something specific in the 
living cell. 

Nerve-fibres are found universally in the peripheral nerves, and in the white 
substance of the brain and medulla spinalis. They are of two kinds — viz. medullated 
or white fibres, and non-medullated or grey fibres. 

The medullated fibres form the white part of the brain and medulla spinalis, and 
also the greater part of every cerebral and spinal nerve, and give to these structures 
their opaque, white aspect. When perfectly fresh they appear to be homogeneous ; 
but soon after removal from the body each fibre presents, when examined by trans- 
mitted light, a double outline or contour, as if consisting of two parts (fig. 56). 
The central portion is named the axis-cylinder ; around this is a sheath of fatty 



material, staining black with osmic acid, named the white substance of Schwann 
or medullary sheath , which gives to the fibre its double contour ; and the whole 
is enclosed in a delicate membrane, the neurolemma , primitive sheath , or nucleated 
sheath of Schwann (fig. 57). Medullated nerve-fibres vary in diameter from 2/x to 16/x, 
The axis-cylinder is the essential part of the nerve-fibre, and is always present ; 
the medullary sheath and the neurolemma are occasionally absent, especially at 
the origin and termination of the nerve-fibre. The axis-cylinder undergoes no 
interruption from its origin in the nerve-centre to its termination, and must be 
regarded as a direct prolongation of a nerve-cell. Nerve-fibres in the white sub- 
stance of the brain and medulla spinalis give off twigs known as collaterals . These 
arise from the main fibre at right angles to its course and run into the grey substance, 
where they terminate by arborisation. The axis-cylinder constitutes about one-half 
or one-third of the nerve-fibre, being greater in proportion in the fibres of the central 
organs than in those of the nerves. It is quite transparent, and is therefore 
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Incisure 


indistinguishable in a perfectly fresh and natural state of the nerve. It is made up 
of exceedingly fine fibrils (figs. 57 and 58), which stain darkly with gold chloride, 
and at its termination may be seen to break up into these fibril's. The axis-evlinder 
18 said by some to be enveloped in a special reticular sheath, which separates it 

from the medullary sheath, and is com- 
Pig, 56. — Medullated nerve-fibres, x 850. posed of a substance called naurokoratin. 

The more common opinion is that this 
network or' reticulum is contained in 
the white substance of Schwann. and 
by some it is believed to be produced by' 
the action of the reagents emplovod fo 
show it. 

The medullary sheath or white sab, stance 
of Schwann (fig. 57) is regarded as being 
a fatty material in a fluid state, which 
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EMBRYOLOGY 


T HE term Embryology, in its widest sense, comprises the various change which 
take place during the growth of an animal from the egg to the adult ion ; 

it is, however, usually restricted to the phenomena which occur before birth. 

In vertebrate animals the development of a new being normally takes place when 
a female germ-cell or ovum has been fertilised by a male germ-cell or spermuUxym , 
The ovum is a nucleated cell, and the complicated changes by which the various 
tissues and organs of the body are formed from it, after it has been fertiliser!, arc 
the result of two general processes, viz. segmentation and different lutnm of yells, 
Thus, the fertilised ovum undergoes repeated segmentation into a number of yells 
which at first closely resemble one another, but are. sooner or later, different iated 
into two groups : (I) somatic cells , the function of which is to build up tiny various 
tissues of the body; and (2) germinal cells , which are ultimately imbedded in the 
genital glands (ovaries and testes), and destined for the perpetuation of the species, 
Having regard to the main purpose of this work, it is impossible, in the space 
available in this chapter, to describe or illustrate fully, all the changes which occur 
during the development, of the human body. Only the principal facts are given, 
and the student is referred for further details to one or oilier of the text -books * on 
embryology. 


THE OVUM 


The ova are derived from the primitive germ-cells which are situated in the 
substance of the ovaries ; each primitive germ-cell gives rise, by repented divisions, 
to a number of smaller cells termed omjmia from which the ova or primary meytes 
are developed. 

Human ova measure about 0*1 mm. in diameter, and are contained within the 
Graafian follicles of the ovaries f ; as- a rule each follicle contains one ovum, but 
sometimes two or more are present. By the enlargement and subsequent rupture 
of a follicle at the surface of the ovary, an ovum is liberated and enters the uterine 
tube through which it is conveyed to the cavity of the uterus. Unless it be fertilised 
it is discharged from the uterus, but if fertilisation takes place it is retained there 
and developed into a new being. 

In appearance and structure the ovum (fig. 61) differs little from an ordinary 
cell (p. 1), but distinctive names are given to its several parts ; thus, the crib 
substance is known as the yolk or ooplasm , the nucleus as the germ mil wmh% unci 
the nucleolus as the germinal spot The ovum has a thick, triuwpurmit envelope 
named the zona striata or zona pellucida, and when the ovum is liberated from tin* 
Graafian follicle, several layers of cells, derived from those of the follicle, adhere to 
the outer surface of the zona striata, and collectively constitute the corona rmliuta , 

The yolk comprises (1) cytoplasm similar to that of the ordinary animal cell 
(p. 1), and frequently termed the formative yolk ; (2) deuteroplasm or nutritive 
yolk, which consists of numerous round granules of fatty and albuminoid substances 
imbedded in the cytoplasm. In the mammalian ovum the deuteroplasm is ex- 
tremely small in amount, and nourishes the embryo in the early stages of it# 


* Manual of Human Embryology , Keibel and Mail ; Handbuch 4er mrgUMmukn uni exited* 
tZ WirbeUiere, Oskar Hertwig ; Human Mmbryohm ami MorM-w 
Keit ^fu 9 T) 1 , ; 4 Embryologie des vertebras, A. Bracket, 1921 ; F # rtebrnk Kmt>r\p>b»n t 

Jenkmson ; The Physiology of Reproduction , Marshall. 

t See description of the ovary under Splanchnology. 
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development only, whereas in the egg of the bird there is sufficient to supply the 
chick with nutriment throughout the whole period of incubation. The mode of 
distribution of the deuteroplasm within the egg varies in different animals ; in 
some it is almost uniformly dispersed throughout the cytoplasm ; in some it is 
centrally placed and surrounded by the cytoplasm ; in others it is accumulated at the 
lower pole of the ovum, while the cytoplasm occupies the upper pole. A centrosome 
and centriole are present and lie in the immediate neighbourhood of the nucleus. 


Fig. 61. — A human ovum examined fresh in the liquor folliculi. x500. (Waldeyer.) 



Tlu* zona pt'Iludrki is .^*1*11 as a f.hick dear Kinlln .surntuinlitrl by tin* cells of the corona radiate. The 
ovum shows a central granular «it*uh*ropliismie area and a peripheral dear cytoplasmic layer, and 
encloses the germinal vrsidv, in which the germinal spot is indistinctly seen. 


Tiie nucleus or germinal vesicle is a large spherical body which usually occupies 
an excentrio position in the yolk. Its structure is that of an ordinary cell-nucleus, 
viz. it consists of a reticulum or karyomitome the meshes of which are filled with 
karyo plasm, while connected with, or imbedded in, the reticulum are a number of 
chromatin masses or chromosomes, which may present the appearance of a skein or 
may assume the form of rods or loops. The nucleus is enclosed by a delicate nuclear 
membrane, and contains in its interior a well-defined nucleolus or germinal spot. 


THE COVERINGS OF THE OVUM 

The zona striata or zona pellueida (fig. 61) is a thick membrane, which, under 
the higher powers of the microscope, is seen to be radially striated* Thomson * 
describes the zona pellueida as consisting of (a) an inner, homogeneous layer which 

* Professor Arthur Thomson, Journal of Anatomy* vol Ini, 1019. 

r >2 . 


o. A. 
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is derived from the ovum, and (b) an outer, fibrillar layer formed by the Ml inti <*f t he 
basal fibres of the innermost cells of the corona radiata. He is also of opinion that 
there is distinct evidence of a vitelline membrane within the zona pellueida. 

The corona radiata (fig, 61) consists of two or three strata of cell- which are 
derived from the cells of the Graafian follicle, and adhere to the outer surface of 
the zona striata when the ovum is set free from the follicle ; the cells are radially 
arranged around the zona, those of the innermost layer being columnar in chape. 
The cells of the corona radiata soon disappear ; in some animals they secrete, or 
are replaced by, a layer of protein, which may assist in protecting and nourishing 
the ovum. 

The phenomena attending the discharge of the ova from the Graafian follicles 
are described with the anatomy of the ovaries. 


THE MATURATION OF THE OVUM 


Before an ovum or primary oocyte can be fertilised it must undergo a process 
of maturation or ripening (fig. 62). This process consists of a hetendypical 
division of the ovum into two cells, followed by a homotypical division uf the two 
cells into four. Three of the four cells are small, incapable of further dm : m.t , 


Fig. 62. — The formation of the polar bodies in Asterms ghimliv. 
(Slightly modified from Hertwigd 


i n u\ 



and are named polar bodies or polocijtes. The fourth cell i.s large ; it U named the 
mature ovum, and is devoid of a centrosome. Its nucleus, as the result of jin- 
heterotypical division, contains only one-half of the number of chromosome* 
present in the nucleus of the primary oocyte. The nucleus of the mature ovum is 
named the female pronucleus . 

.. In “0®* vertebrates the heterotypical division occurs before the ovum ,> r mimarv 
oocyte is liberated from the ovarian or Graafian follicle, and the homntvi.i.-n! divi-im, 
after a spermatozoon has penetrated the zona pellueida. Thomson * has submitted 
evidence to show that in man both polar bodies are extruded before the ovum is 
liberated from the Graafian follicle; in other words, the process of maturation is 
completed before the ovum has been subjected to the influence of a sperma »«*«». 

^ T?i 0C ? SS °* of the ovum has been carefully studied in the ova of 

some of the lower animals, to which the following description applies 

It was pointed out on page 2 that the number o£ chromosome* found m the 
nucleus is constant for all the cells in an animal of any given species, and that in 

* Loc. cit. 
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man the number is probably twenty-four.* This applies not only to the somatic 
cells but to the primitive ova and their descendants. For the purpose of illustrating 
the process of maturation a species may be taken in which the number of nuclear 
chromosomes is four (fig. 63). If an ovum from such be observed at the beginning 
of the maturation process, the usual achromatic spindle is seen lying close to and 
parallel with the surface of the ovum, with the four chromosomes arranged at its 


Fig. 63. — A diagram showing the reduction in number of the chromosomes during 
the maturation of the ovum. The first division is heterotypical, the second 
homotypical. 



Polar bodies 


equator. The spindle then rotates so that its long axis is radial, and the first 
or heterotypical division takes place ; two chromosomes pass to either end of the 
spindle, those at the periphery producing a surface elevation which is constricted 
oil as the first polar body. The other two chromosomes are retained in the ovum, 
which is now termed a secondary oocyte . Without passing through a resting stage 
the secondary oocyte undergoes homotypical division, the two chromosomes each 
dividing into two, which travel to the ends of the spindle. A second polar body is 
segmented off, and the mature ovum , with two chromosomes gathered into a newly 
formed nucleus, remains. The first polar body frequently divides in a homotypical 
manner while the second is being formed, and as a final result four cells are produced, 
viz,, the mature ovum and three polar bodies, each of which contains two chromo- 
somes, i.e. one-half of the number present in the nuclei of the somatic cells of 
members of the same species. 


THE SPERMATOZOON 

The spermatozoa or male germ-cells are developed in the testes and are present 
in enormous numbers in the seminal fluid. Each consists of a small but greatly 
modified cell, and possesses a head, a neck, a connecting piece or body, and a tail 
(fig. 84). 

The head is ovoid or elliptical, but flattened, so that when viewed in profile it 
is pear-shaped. Its anterior two-thirds are covered with a layer of modified proto- 
plasm, named the head-cap, which ends anteriorly in a sharp edge. In some animals 
(e.g. the salamander), the head-cap is prolonged into a barbed spear-like process 
(acrosmm or perforator % which probably facilitates the entrance of the spermatozoon 
into the ovum, 

* H. von Winiwarter maintains that the number of chromosomes in the immature ovum is 
forty-eight, and in the primary spermatocyte, forty-seven. 
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Interesting changes occur during the conversion of the spermatid into the 
spermatozoon (fig. 65). The two centrioles are at first tangential to the surface 
of the spermatid but soon assume a radial position so that one lies deeper than 
the other ; the deeper one forms the anterior centriole of the neck. The axial 


Fig. 65. — The transformation of a spermatid into a spermatozoon. Diagrammatic. 

(Modified from Meves.) 
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filament grows out from the superficial centriole, which divides into two parts ; 
the anterior part forms the posterior centriole of the neck, and the posterior part, 
which is ring-like, migrates to the distal end of the connecting piece or body and 
there forms the terminal disc or ring, through which the axial filament passes. 


Fig. 66. —A scheme showing the analogies in the process of maturation of the ovum 
and the development of the spermatids (young spermatozoa). 
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Spermatids 


The nucleus of the spermatid forms the head of the spermatozoon, and the cytoplasm, 
the investing sheath of the body and tail. The centrosome probably moves away 
from the centrioles to the opposite side of the nucleus and is converted into the 
head-cap. 
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On comparing the development of the spermatozoon with the maturation of t lie 
ovum (fig. 66) it will be observed that the primary spermatocyte gives rise to two 
secondary spermatocytes, and the primary oocyte to the secondary oocyte and the 
first polar body ; the two secondary spermatocytes give origin to four spwn.u * »*::« 
and the secondary oocyte and first polar body to four cells, the mailin' ovum and 
three polar bodies. In the development of the spermatozoon, as in the maturation 
of the ovum, there is a reduction of the nuclear chromosomes to one-half of those 
present in the primary spermatocyte. But here the similarity ends, for it must 
be noted that the four spermatozoa are of equal size, and each is capable of fort ilising 
a mature ovum, whereas the three polar bodies are much smaller than the mature 
ovum, incapable of further development, and may be regarded as abortive ova. 


THE FERTILISATION OF THE OVCJI 

Fertilisation consists in the union of the spermatozoon with tlu* mature ovum 
(fig. 67). Nothing is known regarding the fertilisation of the human ovum* but the 
various stages of the process have been studied in other mammals, anil from the 
knowledge so obtained it is believed that fertilisation of the human ovum lakes 

Fig. 67. — The process of fertilisation in the ovum of a mouse. (After Sohottri.} 
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surrounding it become radially arranged. The male and female pronuclei migrate 
towards each other, and, meeting near the centre of the yolk, fuse to form the first 
segmentation nucleus which thus contains both male and female chromatin ; the 
former probably transmits the individualities of the paternal, the latter those of 
the maternal, ancestors to the future embryo. By the union of the male and female 
pronuclei the number of chromosomes is restored to that present in the nuclei of 
the somatic cells. 

Applied Anatomy. — Sometimes the fertilised ovum is arrested in the uterine tube, and 
there undergoes development, giving rise to a tubal pregnancy ; or it may fall into the 
abdominal cavity and produce an abdominal pregnancy . Occasionally the ovum is not 
expelled from the Graafian follicle when the latter ruptures, but is fertilised within the 
follicle and produces what is known as an ovarian pregnancy. Under normal conditions 
only one spermatozoon enters the yolk and takes part in the process of fertilisation. Occa- 
sionally a second spermatozoon may enter the yolk, thus giving rise to a condition of 
polyspermy ; when t his occurs the ovum usually develops in an abnormal manner and gives 
rise to a monstrosity. 


.Fig. t>8. — The first stages of the segmentation of a mammalian ovum. 
Semidiagrammatic. (From a drawing by Allen Thomson.) (Quain’s 
Elements of Anatomy.) 


ol, e 



z.p. Zona striata. p.*jL Polar bodies, a. Two-rdl stage, b. Four-cell stage, c. Eight-cell stage, 

d, e. Morula stage. 

The role of the chromosomes.* According to recent researches the mature ovum 
contains within itself all the essentials for the formation of a new being, and in the 
lower forms is capable of producing such when stimulated by mechanical or chemical 
means. It m interesting m note that the sex of an animal so formed is male. The 
development, of a female necessitates the presence of a spermatozoon containing 
an additional or specialised chromosome. Thus in some insects the primary oocyte 
contains twenty-four chromosomes* and the primary spermatocyte, twenty-three. 
The mature ovum and the polar bodies each contain twelve chromosomes, while one-' 
half of t h<* spiwmaio/.oa contain twelve, and the other half, eleven. If a mature ovum 
be fertilised by a spermatozoon with eleven chromosomes, the resulting embryo is a 
male, but if it be fertilised by a spermatozoon with twelve chromosomes, a female 
embryo is produced. This, however, is not the only factor involved in the deter- 
mination of sex. The theory advanced is that the chromosomes contain materials 
•which chemically initiate and control the processes that lead to the development of 
the various tissues and their individual peculiarities. The establishment of a sex- 
difference is therefore*, in the first instance, dependent on a specialised chromosome, 
but the development of the sexual features results from the presence of specialised 
chemical substances. 

* Goaao.lt The organism m a whole, by Jacques Loeb, 1916. 
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THE SEGMENTATION OP THE FERTILISED OVCM 
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Pm. 70. A section through the embryonic disc of V_«ili 
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is repeated again and again, so that the two cells are succeeded by four, eight, 
sixteen, thirty-two, and so on, with the result that a mass of cells is found within 
the zona striata, and to this mass the term morula is applied (fig. 68). The cells 
of the morula, at first closely aggregated, soon arrange themselves into (I) an outer 
or peripheral layer, the trophohlast , "which takes no part in the formation of the 
embryo proper but is concerned in the formation of a protecting membrane, the 
chorion, from part of which a portion of the placenta is subsequently developed, 
and (2) an inner cell-mass , from a portion of which the embryo is developed. In 
most mammals fluid collects between the trophohlast and the greater part of the 
inner cell-mass, and thus the morula is converted into a vesicle which encloses 
the segmentation cavity (fig. 69). The inner cell-mass remains in contact, however, 
with the trophohlast at one pole of the ovum ; this is named the embryonic pole, 
since it indicates the situation where the future embryo is developed. In the human 
ovum (figs. 72 to 74) there is no actual segmentation, cavity but the inner and 
outer cell-masses are separated in part by delicate strands of mesoderm (magma 
reticule or primitive mesoderm). Clefts appear in the magma reticula, on either 
side of the developing inner cell-mass, and run together to form the extra-embryonic 
ceelom (fig, 74). 


Fig. 72,— -A diagram showing the 
first differentiation of the inner 
cell-mass. 


Fig. 78. — A diagram showing the 
early stages in the formation 
of the amnion and archenteron. 
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Fig, 74* — A diagram showing the commencing formation of the extra-embryonic ccelom. 
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The 1 ro phobias! differentiates into two strata : an outer, the syncytium or 
mjneyliotrophoblmt, consisting of a layer of protoplasm studded with nuclei, but 
showing no evidence of subdivision into ceils ; and an inner, the cytotrophoblast 
or layer of Lanyhans , in which the cell-outlines are defined. As already stated, the 
trophohlast takes no share in the formation of the embryo proper ; it forms the 
ectoderm of the chorion and piavs an important part in the imbedding of the ovum 
in the uterine mucous membrane, and in the development of the placenta. The 
inner cell-mass divides into a dorsal, ectodermal, and a ventral, entodermal, part. 
Spaces appear between the cells of both parts and coalesce to form cavities ; the 
cavity in the ectodermal part is named the amnioiic cavity , that in the entodermal 
part/ the mchentmm (figs, 72, 73), The floor of the amnioiic cavity is formed by 
the embryonic dtsc imn posed of a layer of prismatic cells, the embryonic ectoderm , 
which is in apposition with the entoderm of the archenteron (fig. 71). 

The formation of the mesoderm— the primitive streak.— The development of 
the. mesoderm has not been observed in the human ovum, seeing that it is already 
present; in the youngest human ova that have been examined. From what has 
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been observed in other animals it may be concluded that the primitive streak is 
its principal source. The embryonic disc becomes oval and then p^ar-ineM. 
Near its. narrow, caudal end an opaque streak, the -primitive streak (tig. 75 j, makes 
its appearance and extends along the middle of the disc for n considerable part of 
its length ; at the cephalic end of the streak there is a knob-like thickening of the* 
ectoderm termed Hensen’s knot. A shallow groove, the primitive y mow, a j ♦pear.' or* 
the surface of the streak, and the cephalic end of this groove eornniimieutes with 
the archenteron through an aperture named the blastopore. The primitive streak 
is produced by a thickening of the axial part of the ectoderm, the cells of which 
multiply and blend with those of the subjacent entoderm (fig. 70, in, iv, v). Front 
the primitive streak a third layer of cells, the -mesoderm, extends bet ween Hie 
ectoderm and entoderm. 

The extension of the mesoderm takes place throughout the whole of t be embryonic 
and extra-embryonic areas of the ovum, except in certain regions. One of these is 
seen at the cephalic end of the neural tube. Here the mesoderm grows forwards 


Fig. 75. — An embryo of Hylobates eoncolor. Dorsal aspect, with the amnion laid 
open. (After Selenka.) (From Quain’s Elements of Anatomy, vet], b. 
Embryology.) 


Yolk-mc 



in the form of two crescentic masses, which meet in the middle line so m to enclose 
an area which is devoid of mesoderm. Over this area the ectoderm ami entoderm 
are in contact with each other and constitute a thin membrane, the 
membrane, which forms a septum between the stomodeeum or primitive mouth ami 
the fore-gut or head-end of the primitive digestive tube. Where the lateral creacenta 
oLmesoderm meet in front of the buccopharyngeal membrane, the pericardium h 
afterwards developed, and this region is therefore designated the perimnlinl arm 
At the hind end of the embryo the ectoderm and entoderm are also in etmtovu 
and here they form the cloacal membrane. 

The embryonic disc now consists of three layers, named from without inw aid- 
ectoderm, mesoderm, and entoderm ; each has distinctive characteristics and «i v g 
rise to certain tissues of the body. v ' 

The ectoderm consists of columnar cells, which are, however, somewhat flatten,..! 
or cubical towards the margin of the embryonic disc. It forms the whole of 
the nervous system, the epidermis of the skin, the lining cells of the sebaceous 
sudoriferous and mammary glands, the hairs and nails, the epithelium of the nose 
and adjacent air-sinuses, and that of the cheeks and roof of the ™ 0 uth. From it 
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also are derived the anterior lobe of the hypophysis cerebri, the epithelium of the 
cornea, conjunctiva and lacrimal glands, the neuro-epithelium of the sense-organs, 
and the enamel of the teeth. 


!'iV, 'St ' t sf ' ! ' !l ' s of transverse sections through the emlii-yoni,- disc of Tarsias. 
Hiilnwlit.} (1-roiii (Juanrs Elements of Anatomy, 'vol. i., Embryology.) 





m 

fl 








'vwi 



SWgS 


III 



I la-' 1 ’-’ thrmigh tht* »Hsf\ in front of Hansen’s knot, and shows only the ectoderm and 
onto? i.- rm. S'l-tiun- U, III, and IV pass through Hcnscn's knot, which Is seen in V tapering away 
Into Ih>* primlt iv** ■ ! r»*ak. in III, IV* ami V the mesoderm is seen springing from the keel-like thicken- 
ing Of He* e'*todenji, which in 111 and IV is observed to he continuous into the entoderm. 


—A diagram showing the exten- 
sion of the mesoderm. 


n-iientmiH 


The entoderm eo masts at first of flattened ceils, which subsequently become 
columnar. It forms the epithelial lining of the whole of the digestive tube excepting 
part of the mouth and pharynx and the terminal part of the rectum (which are 
lined by involutions of the ectoderm), the 
lining cells of all the glands which open p l(K 
into the digestive tube, including those of 
the liver and pancreas, the epithelium 
of the auditory tube and tympanic cavity, 
of the trachea, bronchi, and air-cells of 
the lungs, of the urinary bladder and part / 
of the urethra, and that which lines the 
follicles of the thyreoid gland and thymus. */ 

The mesoderm consists of loosely f | 

arranged branched cells surrounded by a l; -j 

considerable amount of intercellular fluid, ^ j 

'From it the remaining tissues of the body \ ./ ' 

are developed. The endothelial lining 
■of the heart and blood-vessels and the 
blood -corpuscles are, however, regarded 
by some as being of entodermal origin. 

As the mesoderm spreads between the ectoderm and entoderm it is separated for 
a time into lateral halves by the neural tube and notochord, presently to be 
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described. A longitudinal groove appears on the dorsal surface of either hall and 
divides it into (a) the 'paraxial mesoderm which adjoins the neural tube and 
notochord, and is subsequently divided into the primitive segments, and (6) a 
lateral portion, the lateral mesoderm. The mesoderm in the lioor of the longitudinal 
groove between the paraxial and the lateral mesoderm, is known as the inter- 
mediate cell-mass; the genito-urinary organs are developed in it, and for this 
reason it is sometimes named the nephrogenic cord , The lateral mesoderm splits 
into two layers, an outer or somatic , which adheres to the outer surface of the 
ectoderm of the amniotic vesicle, and extends on to the inner surface of the 
trophoblast now developing into the chorion ; and an inner or s pint rl ( air, which 
adheres to the entoderm, and with it forms the splanchnopkure (figs, 79. 82). The 
space between the two layers of the mesoderm is termed the coelom. The intra- 
embryonic part of the coelom forms the pericardial, pleural and peritoneal cavities ; 
the extra-embryonic part is obliterated (p. 61). 


THE NEURAL GROOVE AND TUBE 

Anterior to the cephalic end of the primitive streak two longitudinal ridges, 
caused by a thickening and upfolding of the ectoderm, make their appearance, one 
on either side of the middle line (fig. 79). These are named the neural folds ; they 
commence near the cephalic end of the embryonic disc, where they are continuous 
with each other, and gradually extend caudal wards, one on either side of t he prim it i ve 
streak. Between the neural folds is a shallow median groove, the neural gmmr. 
(figs. 79, 80). This groove gradually deepens, and the edges of the folds meet 
and coalesce in the middle line and convert it into a closed tube, the neural lu- he 
or canal (fig. 82), the ectodermal wall of which forms the rudiment of the nervous 

Fig. 78. — Two stages in the development of the neural crest in the human embryo* 

(Lenhossek.) 




system. By the coalescence of the neural folds over the anterior end of the j uin.hiv e 
streak, the blastopore no longer opens on the dorsal surface of the embryo but into 
the neural tube, and thus a transitory canal, the neurcateric natal m establishecl 
between the neural and primitive digestive tubes. Closure of the neural groove 
occurs first in the region of the hind-brain, and from there extends forwards and 
backwards ; towards the end of the third week the anterior opening {anterior 
neuropore) of the tube closes, and forms a recess which is in contact, for a time, with 
the overlying ectoderm ; about the same time the posterior opening or posterior 
neuropore is closed. Subsequently the paraxial mesoderm grows round the mu ml 
tube, and separates it from the overlying ectoderm. 

Before the neural groove is closed a ridge of ectodermal cells appears along re- 
margin of either neural fold ; this is termed the neural crest or ganglion-ridge (iig. 7 H), 
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and from it the spinal and cerebral nerve-ganglia, the ganglia of the sympathetic 
nervous system, and the chromaffin bodies are developed. 

The cephalic end of the neural groove exhibits several dilatations which, when 
the neural tube is closed, assume the form of three vesicles ; these constitute 
the Inn* e primary <*<;rebrai vesicles, and correspond respectively to the future 
vrowncA'phnloii ^ (lore-brain), mesencephalon (mid-brain), and rhombencephalon 
(hind-brain) (fig. 81). The walls of the vesicles are developed into the nervous 
tissue and neuroglia of the brain, and the cavities of the vesicles are modified to form 
the ventricles of the brain. The remainder of the neural tube forms the medulla 
spinalis or spinal cord ; from its ectodermal wall the nervous and neuroglial elements 
are formed and its cavity persists as the central canal of the medulla spinalis. 


Fro. 79.- 


A series of transverse sections through the embryo of a dog. (After Bonnet.) 
(From Qua in’s Elements of Anatomy, vol. L, Embryology.) 

Section 1 is the most anterior. In V the neural plate is spread out nearly flat. 
The series shows the uprising of the neural folds to form the neural canal. 
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a, aortift ; f, hiirniwdlaie »rltra;^s : <r/, fclml<‘r»i ; /*/»/, entmtarm ; k, h, rudim^nLs of endo- 
thelial tut*"*. 111 HI, IV, and V the seattereii cells represented between the entoderm and 

Hjilanrhniir layrr oi are th-*. vasta'ormative eells which trive origin in front, u<:conling to 

liontu-t, to th*’ h**urt tuh*v k : l.p., lateral plate still undivided in i, II, and HI; in IV and V apUfc 
into somatic ( m) and ..plaiiclmle (up) iay*-ra of mesoderm : m% mesoderm; p, pericardium ; to, 
primitive segment. 


THE NOTOCHORD 

The notochord (fig. 82 ) constitutes the foundation of the axial skeleton, since 
around it the segments of the vertebral column are formed ; its appearance syn- 
chronises with that of the neural tube. It grows forwards as a rod of cells (probably 
of mesodermal origin) from the cephalic end of the primitive streak, and is at first 
intimately connected with the entoderm underlying the neural groove. It soon 
separates from the entoderm, and the separation is later emphasised by the meso- 
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derm which grows rnedialwards and surrounds it. When fully formed the notovln ml 
extends throughout the length of the future vertebral column, and its cephalic end 
reaches as far as the anterior part of the mid-brain, where it ends in a hook dike 
extremity in the region of the future dorsum sella 1 of the sphenoidal bone. From 
the mesoderm surrounding the neural tube and notochord, the skull, the vertebral 
column, and the. membranes of the brain and medulla spinalis are 


THE PRIMITIVE SEGM ENTS 

Towards the end of the third week transverse segmentation of the paraxial 
mesoderm begins, and converts it into a series of well -defined, more or less ciibmai 
masses, the primitive segments (figs. 81, 82, 83), which extend front the nceipiud 
region of the skull along the entire length of the trunk on either side of the middle 
line. Each segment originally contains a central cavity (myoccd), but this is soon 
filled with angular and spindle-shaped cells. 

The primitive segments lie immediately under the ectoderm on the lateral aspect 
of the neural tube and notochord, and are connected to the lateral mesoderm by the 
intermediate cell-mass . Those of the trunk are divisible into the following groups. 


Pig. 80. — A human embryo, 2 mm. in length. Dorsal usp*eD with the numLu 
laid open, x 80. (After Graf Spec.) 



viz. : cervical 8, thoracic 12, lumbar 5. sacral 5, and coccygeal from 8 to tty Those 
o the occipital region of the head are usually described as being four in number 
In mammals primitive segments of the head can only be recognised in the tmmind 
region, but a study of the lower vertebrates leads to the belief that they are present 
also m the anterior part of the head, and that altogether nine segments are 

represented m the head region. 5 


THE FORMATION OF THE EMBUYO 

m Jh e embryo increases i rapidly in size, but the circumference of the tmhrvw.ir dim 
Vy® . oi: meeting of the embryonic and amniotic parts of the ectoderm is of 
®T+I ely Sl °r Sreyyay gradually forms a constriction between the etnbrvo 
and the greater part of the archenteron. By means of this constrict ion 
corresponds to the tor. umbilicus, the do J part of 
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within the embryo and constitutes the primitive digestive tube ; the ventral part 
is left outside the embryo and constitutes the yolk-sac . 

The embryo grows more rapidly in length than in width, and its cephalic and 
caudal ends bend in a ventral direction to form the cephalic and caudal folds respec- 
tively (figs. 89, 90). f i he cephalic fold is first formed, and the forward growth of 

Fm. Hi A chick embryo thirty-three hours old. Dorsal aspect, x 30. 

(Iff Duval’s Atlas d'Embryologie.) 



the head ntnwHmirily carries with it the posterior end of the pericardial area, so 
that this area and the buccopharyngeal membrane are folded under the head of 
the embryo. A diverticulum of the archenteron, named the fore-gut, is enclosed 
in the cephalic fold. The caudal end of the embryo is connected to the chorion 
by a band of mesoderm culled the hody-stalk, but with the continued growth of this 
end and the formation of the caudal fold the hody-stalk assumes a ventral position ; 
a diverticulum of the archenteron extends into the caudal fold and is termed the 
himl-guL Between the fore-gut and the hind-gut there exists for a time a wide 
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opening into the yolk-sac, but the relatively slow Growth of the Utu i 

to a small pear-shaped sac (sometimes tT,« n 

' if.sicle), and the chant 
a narrow tube called the 


it 


pear-shaped sac (sometimes termed the umbilical reside) , i , 

2SCST“ “ “ the — *» <* '»™ ' ,1,1 


Wolffian duct 


Ectoderm 


THE YOLK-SAC 

Kie yolk-sac (figs. § 4 , 85 ) is situated on the vrnfnl i.t-i'-f- of th* i 
lined with entoderm, outside of which is , layer .leriii. lO.miSii'ri.l* 

Fig. 82.— A transverse section through a ferret embryo. (A. Huhinson.) 
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appearance of a small pear-shaped vesicle (umbilical vesicle) opening into the 
digestive tube by a long narrow tube, the vitelline duct. The vitelline duct loses its 
attachment to the digestive tube, and as a rule undergoes complete obliteration 
during the seventh week, but in about two per cent, of cases its proximal part 
persists as a diverticulum (Meckel's diverticulum ) from the small intestine, situated 


Fm. 84. A sagittal section through the embryo which is represented in fig. 80. 

(After Graf Spee.) 



lAo, h;», A human ** ±i\ mm, in length. Lateral aspect. (His.) 



Body'Stalk 


about one metre above the ileocolic junction, and sometimes attached by a fibrous 
cord to the abdominal wall at the umbilicus. A narrowing of the lumen of the ileum 
is occasionally found opposite the site of attachment of the duct. 

The umbilical vesicle can be seen in the after-birth as a small somewhat oval- 
shaped body with a diameter of from I to 5 mm. ; it is situated between the amnion 
and the chorion, and may lie on* or at a variable distance from, the placenta* 
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THE FCETAL MEMBRANES AND THE PL AH EXT A 

The allantois (figs. 84, 90, 93). — The allantois arises as a tubular dm Miculum of 
the posterior part of the axchenteron ; when the hind-gut is developed t he ullumnis 
is carried backwards with it, and then opens from the cloaca or terminal par? of 

Fig. 86. — A foetus of about eight weeks, enclosed in the amnion. ■! ?i 

over 2 diameters. Drawn from stereoscopic photographs lent: bv Prof, A. 
Thomson, Oxford. 
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the hind-gut: it extends into the mesoderm of the body-stalk which coimwt* the 
tail-end of the embryo with the chorion. The allantoic, diverticulum is lined with 
en oderm and covered with mesoderm, and in the latter are umbilical 

. . fj. n re P {i les, birds, and many mammals the allantois expand* into a vesicle which nroiect* 
mto the extra-embryonic omlmm If its further development he* traced in the l.hd i< , 

Kfemh^M l S fl de tf “a and - gradually expanding, spread* over the ...JL 

snrron^ fl ®:* tene ^ sae between the amnion and the serosa <p. ar „i nitiooneie 

rAsa^*sKtta^^ 

named the body-stalk : n cnonon »> means of a thick band of mesoderm. 
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Fig. 87.— A diagram showing the earliest 
observed stage of the human ovum. 
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Fig. 88. — A diagram illustrating the 
early formation of the allantois, and 
the differentiation of the body-stalk. 
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Fw. 89. — A diagram showing a later stage of the development of the allantois. 
A mni otic cavity 



Fig. 90.* A diagram showing the Fig. 91. — -A diagram illustrating a later stage in 

expansion of the amnion, and the the development of the umbilical cord, 

delimitation of the umbilicus. 
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The amnion is a membranous sac which surrounds and protects the embryo • it 
is developed in reptiles, birds, and mammals, but not in amphibia or (idles ' 

In the human embryo the earliest stages of the formation of the amnion have not 
been observed ; m the youngest embryo which has been studied the amnion was 


Fig. 92.— A transverse section through the umbilical vn 
XI mbilical artery 



already present as a closed sac (figs. 87, 94), and, as indicated on , m 
as a cavity in the ectodermal part of the inner cell-mass ' Thicavitv i 
in by a stratum of flattened ectodermal cells, the amnwtk rrtnbm and 
consists of the prismatic ectoderm of the mnlJvnn;, ,iwr 

between the roof and floor being established at the margin oliL ilSimSu fJ] 


Fig. 93. — A human embryo, 1*3 mm. long. 


(From a rriotJnl by Kivtuni,} 
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Fluid, termed liquor immii , appears within the amniotic cavity and increases 
steadily in amount, so that the sac gradually expands and encroaches on the cavity 
of the extra-embryonic coelom ; this expansion continues until the extra-embryonic 
coelom is obliterated. The liquor amnii increases in quantity up to the sixth or 
seventh month of pregnancy, and then diminishes somewhat ; at the end of preg- 
nancy it amounts to about 1 litre. It allows of the free movements of the foetus 
during the later stages of pregnancy, and also diminishes the risk to the foetus 
of injury from without. It contains less than two per cent, of solids, consisting of 
urea and other extractives, inorganic salts, a small amount of protein, and frequently 
a trace of sugar. 


Fig. 94.— A section through an ovum imbedded in the uterine decidua. 
Seimdiagrarn matic. (After Hubert Peters.) 


Syn cyt iotroph obltiU Oytotrophoblast 



The body-stalk and the umbilical cord.— The body-stalk (figs. 84, 89, JO, 93) is 
a band of mesoderm which first connects the tail-end of the embryo with the chorion. 
Extending into the proximal part of it is the canal of the allantois, and running 
through it from the embrvo to the chorion are the umbilical vessels. Its dorsal 

surface is covered with the amnion and its ventral surface is bounded by the extra- 

embrvonic coelom. As a result of the folding of the embryo and the distension 
of the amnion the body-stalk comes to lie on the ventral surface of the embryo, and 
its mesoderm approaches that of the yolk-sac and vitelline duct {fig. 0). 
consequence of the continued expansion of the amnion, the extra-embryonic coelom 
is obliterated (figs. 90, 91), the vitelline duct is elongated, and the mesoderm of the 
amnion blends with that of the vitelline duct and body-stalk ; by this fusion a solid 
cord, the umbilical cord, is formed {fig. 91) and connects the embryo to that portion 
of the chorion which will form the foetal part of the placenta. _ , , 

The umbilical cord (figs. 92, 100) is enveloped by the amniotic ectoderm and 
consists of a core of gelatinous tissue (jelly of Wharton) in which the umbilical 
vessels, the allantoic diverticulum, and the vitelline duct and vessels are imbedded. 
The allantoic diverticulum and the vitelline duct and vessels undergo obliteration 
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and atrophy, but traces of them may be seen up to the fourth month of pregnancy 
or later. The umbilical cord becomes spirally twisted, owing, it is believed, t.o 
the unequal growth of the two umbilical arteries ; it also increases in length so 
that at the end of pregnancy it is about 50 cm. long. 


ITig. 95. — Primary chorionic villi. Diagrammatic. ('Modified (rum Bryce.) 


Uterine vessels Uterine t/faiuf; t 



The implantation or imbedding of the fertilised ovum in the uterine wall. As 
already stated (p. 46), fertilisation of the ovum is believed to occur in the lateral or 
ampullary end of the uterine tube, and is immediately followed by segmentation. 
The segmenting ovum is conveyed along the uterine tube to the cavity of the u tenia, 


Fig-. 96.— Secondary chorionic villi. Diagrammatic. (Modified from Bryc?**,) 

V Urine vessels 



?pis°eLTs 7 a ^ ^ the time ^ reach* the uterus 

uterine mueom ™ ^®T® lo P ed tro P hol:)1 ast • The ovum adheres like a parasite to the 
uterine mucous membrane, destroys the epithelium over the area of 

excavates for itself a cavity in the mucous Lmb an in Y Sol e 1 ft. d 

In an ovum described by Bryce and Teacher * the point of entrap of Z. 

1908. COntriblltlOn t0 the Study of the ear 'y development and imbedding of the Iniintm ovum. 
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the uterine mucous membrane was visible as a small gap closed by a mass of 
fibrin and leucocytes ; in an ovum described by Peters * the opening was covered 
with a mushroom-shaped mass of fibrin and blood-clot (fig. 94), the narrow stalk 
of which plugged the aperture in the mucous membrane. Soon, however, all trace 
of the opening is lost, and the ovum is then completely surrounded by the uterine 
mucous membrane. 

The structure actively concerned in excavating the uterine mucous membrane 
is the trophoblast. This increases rapidly in thickness, invades and digests the 
uterine tissues, destroys the epithelial cells of the uterine glands and the walls of 
the uterine (maternal) blood-vessels (fig. 94) ; at the same time there appear in the 
trophoblast numerous anastomosing spaces which are filled with maternal blood. 
These spaces expand to form what is ultimately known as the intervillous space , 
and the trophoblast is separated into a number of branching processes named the 

Fig. 97. — A transverse section of a secondary chorionic villus. 


Trophoblast 



/tranches of umbilical vessels 


primary chorionic villi (fig. 95) which are bathed in the maternal blood. Cores of 
mesoderm, containing branches of the umbilical vessels, soon invade the primary 
chorionic villi and convert them into secondary chorionic villi (figs. 96, 97). 

The decidua. — Before the fertilised ovum reaches the uterus, the mucous mem- 
brane of the body of the uterus undergoes important changes, and is then known 
as the decidua* The thickness and vascularity of the mucous membrane are greatly 
increased ; its glands are elongated and open on its free surface by funnel-shaped 
orifices, while the deeper portions of the glands are tortuous and dilated into 
irregular spaces. The interglandukr tissue is also increased in quantity, and is 
crowded with large round, oval, or polygonal cells, termed decidual cells , These 
changes are well advanced by the second month of pregnancy, when the mucous 
membrane consists of the following strata (fig. 98) : (1) stratum compactum, next 
the free surface ; in this the uterine glands are only slightly expanded, and are 
lined by columnar cells ; (2) stratum sponf/iosmn , where the uterine glands are 
greatly dilated and very tortuous, and are ultimately separated from one another 
by a small amount of interglandukr tissue ; for a time the cells lining the glands 
are cylindrical, but later they become flattened ; (3) a thin limiting or boundary 
layer , next the. uterine muscular fibres, containing the deepest parts of the uterine 
glands, which are not dilated, and are lined with cubical epithelium ; it is from 
this epithelium that the epithelial lining of the uterus is regenerated after 
parturition. 

After the ovum is imbedded distinctive names are applied to different portions 
of the decidua. The part which covers the ovum is named the decidua mpsularis ; 
the portion between the ovum and the uterine muscular wall is named the decidua 
basalts or decidua pliwentalis, since it is here that the placenta is subsequently 
developed ; the part which lines the remainder of the body of the uterus is known 
as the decidua vera or decidua parietalis (fig. 99). 

* Die Minbdtung des mmstMkhen Mm, IBMh 
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Coincidently with the growth of the embryo, the decidua caps.ulurk is i 
and distended (fig. 99) and the space between if and the decidua vent is t/rr 

obliterated. 


Big. 98. — Sections of the uterine mucous 
membrane ; (a) of the non-pregnant 
uterus ; (b) of the pregnant uterus. 
Diagrammatic. (Kundrat and Engel - 
mann.) 
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By the ' :■■■■:: *»f t in* t lord 
month of pregmuc-y Ik- • j-ia.; enp-ukrb 
and decidua vent are in contact : by ? he 
fifth month of pregnancy the decidua cap- 
sularis has practically disappeared, while 
during the succeeding months the decidua 
vera also atrophies, owing to the increased 
pressure. The glands of the stratum rone 
pactum are obliterated, and their epi- 
thelium is lost ; in the stratum so* 
the glands are compressed and appear m 
slit-like fissures, and their epithelium under- 
goes degeneration : in the limiting or 
boundary layer, however, the glandular 
epithelium retains a cubical form. 

The chorion (figs, Ml to 96 and 9b to 97 $ 
consists of two layers : an outer of trophto 
blast, anti an inner of mesoderm. The 
trophobhust consists of an ini erred layer, tie* 
eijlotm phobias? or layer of hnmjhnns, and: an 
external layer, the :< ! iarp>,,* 4 ,.r.L,Kht 
stated (p. 63) the tn»pi undergoe* 

rapid proliferation and forms, on the *»r 
face of the chorion, numerous processes, the 
primary chorionic afU (dig, 95) ; these in- 
crease in size and ramify, and the chorionic 
mesoderm, carrying brandies of the um- 
bilical vessels, grows into them, aid in this 
way they are converted into sccmuhiry 
chon <*u ia villi (tig. 96). Blood U carried 
from the embryo to the chorion by the 
umbilical arteries, and after circulating 
through the capillaries of the chorionic \illi, 
is returned to the embryo by the umbilical 
veins. Until about the end of the second 
month of pregnancy the entire chorion is 
covered by villi which are almost uniform 
in size, and project into the dec id.ua plaren- 
tabs and decidua eapsuhtris (fig. 100), With 
the growth of the embryo and the ex pain 
sion of the anmiotic cavity the decidua 
capsukris is thinned ami Ympn-^d. the 
circulation through it is gradually cut 
off, and the villi of the currrspmdijm feat: 
of the chorion atrophy and di.,.ip;T,:.r. 
This portion of the chorion becomes sittoo? h 
(chorion here) ; and, us it takes no share 
in the formation of the placenta, m s«m#> 
v ^ , , 1 times named the non-plamital purl of the 

C , 0l \ tlie ° 1 ther hm &> the villi on that part of the (dmrion which is in vmtuvt 

with the decidua placentahs increase greatly m size and complexity, and hence this 
part is named the chorion fromlosum (figs. 90, 91). 

The placenta (figs. 100 to 102) connects the foetus to the uterine wall, ami is the 
organ by means of which the nutritive, respiratory, and excretory functions of the 
ioetus are carried on. It is composed of foetal and maternal parts. 

^ 2lrf^L P fr h ° n fJ he P ^ nta consists of the villi of the chorion froiidosuni 
SvMlre and ln A rea8 f P l r ! ormoiml y hi me. The ends of some of 

Wy anoy°re d by columns of trophoblast to the walls of the intervillous space, 

is onvewd ^Lr/ ^ 8p T' A11 are bathed “ maternal blood, which 
k conveyed to and from the intervillous space by the uterine vessels. Blood is 

carried from the embryo to the placental villi by the umbilical arteries, and SSHS 
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to the embryo by the umbilical veins. One or two branches of an artery enter 
each villus and there end in a capillary plexus which is drained by one or two tribu- 
taries of the veins. The vessels of the villi are surrounded by a thin layer of 
mesoderm which is covered with 
the two strata of the trophoblast, 
the cytotrophoblast or layer of 
Langhans being in contact with 
the mesoderm, and the syncytio- 
trophoblast in contact with the 
maternal blood (fig. 102) ; after 
the fifth month the two strata are 
replaced by a single layer of some- 
what flattened cells. 

The maternal portion of the 
placenta is formed by the decidua 
plaeentalis containing the inter- 
villous space. As already ex- 
plained (]). 63), this space is 
produced by the enlargement and 
intercommunication of the spaces 
in the trophoblast ; it is therefore 
lined t hroughout with syncytiotro- 
plioblast. The formation of the 
intervillous space involves the dis- 
appearance of the greater portion 
of the stratum com part uni, but 
the deeper part of this layer 
persists and is condensed to form 
what is known as the burnt plate; this constitutes the outer wall of the intervillous 
space, and consists of a stroma containing decidual cells, portions of trophoblast and 
fibrinoid substance; the last appears to be derived in part from the trophoblast 

Kim too.-— A sectional plan of the gravid uterus in the third month. 

(Modified from Wagner.) 

/O a rental villi imbedded in the 



Fig. 99. — Diagram showing the ovum imbedded 
in the uterine decidua. 



and in part from the maternal blood. ' Between the basal plate and the uterine 
muscular fibres are the stratum spongiosum and the limiting layer ; through these 
and the basal plate the uterine arteries and veins pass to and from the intervillous 
space. Portions of the stratum compaction persist as pillars which project into 
a. A, ' 
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manipulation and pressure causing the oily matter to collect into drops ; in conse- 
quence of the extreme delicacy of the primitive sheath even slight pressure will 
cause the transudation of the fatty matter, which collects as drops of oil outside 
the sheath. 

The neurolemma or primitive sheath is a delicate, structureless membrane ; 
here and there beneath it, and situated in depressions in the white substance of 
Schwann, are nuclei, each surrounded by a small amount of protoplasm. The 
nuclei are oval and somewhat flattened, and one is generally found in the middle 
of each internode. The primitive sheath is absent from the xnedullated fibres of the 
brain and medulla spinalis. 


Fig. 59. — Med u Hated nerve-fibres stained with silver nitrate. 
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Fig. 60. — A small branch 
from the sympathetic 
trunk of a mammal. 



a. Two bin all modullated nerve- 
fibres among a number of non- 
medullated nerve-fibres, b. 


W allcr ian Degeneration, -—When nerve-fibres are cut across, the central ends of the 
fibres degenerate as far as the first node of Eanvier ; but the peripheral ends degenerate 
simultaneously throughout their whole length. The medullary sheath of each fibre 
becomes broken down, forming droplets of fatty substance, and the axon undergoes frag- 
mentation. The nuclei of the primitive sheath proliferate, and finally absorption of the 
axons and fatty substance occurs. If the cut ends of the nerve be sutured together, 
regeneration of the nerve-fibres takes place by the downgrowbh of axons from the central 
end of the nerve. At one time it was believed that the regeneration was peripheral in 
origin, but this has been disproved, the proliferated nuclei in the peripheral portions 
taking part merely in the formation of tin* so-called scaffolding along which the new 
axons pass. 

Non-mcdullated fibres , — Most of the fibres of the sympathetic system, and some 
of the cerebrospinal, consist of the grey or gelatinous nerve-fibres fibres of Remak 
(fig. 60). Each of these consists of an axis-cylinder to which nuclei^are applied 
at intervals. These nuclei are believed to be in connexion with a delicate sheath 
corresponding with the neurolemma of the medullated nerve-fibre. In external 
appearance the non-medul!ated nerve-fibres are semitransparent and grey or 
yellowish-grey. The individual fibres vary in size, generally averaging about half 
the size of the medullated fibres. 
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level, and in very rare cases occludes the internal orifice of the uterus, thus giving rise to 
the condition known as placenta prcevia. 

The separation of the placenta . — After the child is born, the placenta and mem- 
branes (the latter consisting of the amnion, the chorion hove and the superficial part 
of the decidua parictalis) are separated from the uterine wall and expelled as the 
after-birth. The separation takes place along the plane of the stratum spongiosum 
(fig, 102), and necessarily causes rupture of the uterine vessels. The orifices of the 
torn vessels are, however, closed by the firm contraction and retraction of the uterine 
muscular fibres, and thus post-partum haemorrhage is prevented. After the separa- 
tion of the placenta and membranes a thin layer of the stratum spongiosum is left as 
a lining to the uterus, but this layer subsequently undergoes degeneration, and is 
cast oil The mucous membrane, the glands and the epithelial lining of the uterus 
are regenerated from the limiting or boundary layer of the decidua (p. 63). 

Tlve expelled placenta is a discoid mass which has a weight of about 500 gm., 
a diameter of from 15 cm. to 20 cm., and an average thickness of about 3 cm., but 

Fit;. 302. — A scheme of the placental circulation. 

S t ra turn spong iosum 

Limiting or boundary layer j Placental septum 

Maternal vessels j j ] 



the thickness rapidly diminishes near the circumference of the placenta, which is 
continuous with the membranes. Its uterine or outer surface is divided by a series 
of fissures into lobules 'or rntghlms which are imperfectly separated from one 
another by the placental septa. Its fmtal or inner surface is smooth, and is closely 
invested by the amnion. When looked at through the amnion, the chorion presents 
a mottled appearance consisting of grey, purple, or yellowish areas. The umbilical 
cord is usually attached near the centre of the placenta, but may be inserted at any 
point between the centre and the margin; in sonic cases it is inserted into the 
membranes, i.e. the rdamentous insertion. From the site of the attachment of the 
cord t he larger branches of the umbilical vessels radiate under the amnion, the veins 
being deeper and larger than the arteries; The remains of the vitelline duct and 
yolk-sac may be sometimes observed beneath the amnion, close to the cord, the 
former as an attenuated thread, the latter as a minute sac. 

On section, the placenta presents a soft, spongy . appearance, caused by the 
greatly branched villi ; these are surrounded by a varying amount of maternal 
blood which gives the dark red colour to the placenta. 

The further growth of the embryo will be best understood from a description 
of the principal facts relating to the development of the chief systems of which the 
body consists. 
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THE DEVELOPMENT OF THE PARIETE8 

The skdeton is of mesodermal origin, and mav be divided into m 
&**** Viz. that of the vertebral column,' shdi . j£ t 

aiid(2) the appendicular skeleton, viz. that of the limbs. ' 

ibe vertebral column.— The notochord (fig. 82) is a twnnrwarv *tr«i. n,.r. „„ i 
feV'yet tea. *mod which the events of 

gS * Botoehord b derived froro (he «,,!„& J Tthr SiZ 

con , slsts ° f a rod of cells, which lies on the ventral 
tK^r+w -* 6 f f? tU M e and reaches from the anterior end of the imd-hnin in 
the «£ the taL On.either rid. of it ie , cotomy of 

which becomes subdivided 


F ivSA°^~A transverse section of a human embryo of the 

;;«S5^<£lte5' - »*« e“*» 


n.c. 





. " "'■’••Ml 

into a number nf mart- or 
less cubical segments, the 
jfiritu hire (tiy»i. SI, 
^3). These are separated 
from one another hv irhvr- 
mjmi'lnl mptn and tire 

arranged symtnetrirailv on 
either side of the neural 
tube and notochord : to 
each primitive segment a 
si«nal nerve is distributed. 
At lirst each segment run. 
tains a central cavil v, the 
*,f*H but this is’ MUR 
niJfe*« ivifcli u wire c*f angular 
*Wndle»alinped cells. 

J Ih* wj|s iif curli segment 
are cl iff tia 1 am] inti, tlu*,^ 

ffrouiw, which form resisv. 
tivelv the cut Is-,, lat e or 
dermatome, the muscle, 
plate or myotome, and the 
sclerotome (fig, I03j, 'f’he 
is placed on the 
lateral and dorsal aspects 
of the inyocml, and bom 
it the true skin of the 
eorres|sjnding segment is 

deri ved j the uKiMrlt-ptuft 
is situat.il on the medial 
side of the entis.pl, .te, and 
furnishes the muscles of 
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cartilage. In the atlas it persists, undergoes chondrification, and develops into the 
anterior arch of this bone, while the cartilage representing the body of the atlas 
forms the dens or odontoid process which fuses with the body of the epistropheus 
or second cervical vertebra (fig. 106, B). 

Fiq. 106.— Diagrams showing the transformation of the hypoehorda! bar into the 
. ■ . . anterior arch of the atlas. 
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The portions of the notochord contained within the bodies of the rertebno 
atrophy, and ultimately disappear, while the portions in the centres of the inter* 
vertebral fibrocartilages expand, and persist throughout life as the central %wkus 
pidposus of each fibrocartilage (fig. 107). 

The ribs. — The ribs are formed from the costal processes of the primit ive vertebral 
arches, the processes extending between the muscle-plates. In the thoracic region 
of the vertebral column the costal processes grow lateralwards to form a series 
of arches, the primitive costal arches. The transverse process grows out behind 
the vertebral end of the costal process, and is at first connected to this process 
by mesoderm whioh is later differentiated to form the costotransverse ligament* ; 
between the costal process and the tip of the transverse process the costotransverse 

Fig. 107. — A sagittal section through an intervertebral fibrocarliinjm and the 
adjacent parts of two vertebrae of the embryo of a sheep. (KuHikei.i 
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Joint is formed by absorption, while the proximal end of the costal process becomes 
® e Phtated from the vertebral airch by the development of the eostocuhtral hunt, 

Sr? - ? — ^ nsversanuin > ^il® the costal process, corresponding to the head 
and ne^: of the nb, remains m continuity with the body of the vertebra, end fornui 

foramen. The distal portions of the primitive 

& development,* and by •'■the formation 

..po^pns. ^ arqhes fail ; the proximal portioua fuae witb the 
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transverse processes to form the transverse processes of descriptive anatomy. 
Occasionally a pair of movable ribs is developed in connexion with the first lumbar 
vertebra. In the sacral region costal processes are developed only in connexion 
with the upper three or four vertebrae ; the processes of adjacent segments fuse with 
one another to form the lateral parts of the sacrum. The coccygeal vertebras are 
devoid of costal processes. 

Fig. 108. — Diagrams showing the portions of the adult vertebrae derived respectively 
from the bodies, vertebral arches, and costal processes of the embryonic vertebrae. 

The bodies of the vertebra* are represented in yellow, the vertebral arches in red, and the costal 

processes in blue. 






The sternum. The ventral ends of the ribs become united to one another by 
a Inimit udinnl bar termed the sternal plate , and opposite the first seven pairs of 
ribs these sternal plates fuse in the middle line to form the manubrium and body 
of the sternum. The xiphoid process is formed by. a backward extension of the 
sternal plates. 

The skull. The bones of the cranium are developed from the mesoderm which 
invests the cerebral vesicles. At the end of the first and beginning of the second 
month of foetal life this mesoderm increases in thickness and forms masses of 
blastema. These masses represent the earliest distinguishable elements of the 
skeleton of the head, and first become evident in the occipital region where they 
form a plate, the so-called occipital plate ; in the middle of this plate the notochord 
runs saghally. The occipital plate sends out on either side two processes which 
surround the hypoglossal nerve and form the hypoglossal canal. 

The occipital plate is continued forwards as a thin blastema! layer on the 
dorsal aspect of the pharynx, and reaches the rudiment of the hypophysis. At 
the beginning of the second month it surrounds the duct of the hypophysis and 
extends between the nasal fossa where it forms the basis of the ethmoidal bone 
and the nasal septum. 
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About the fifth week the two auditory vesicles become enclosed in blastema! 
capsules, each of which is soon differentiated into a dorsolateral part _ enveloping 

the semicircular canals, and a ventro- 
medial part surrounding the cochlea ; 
Fia. 109.— A sagittal section through the at tiie upper boundary 'between these 
cephalic end of the notochord. (Iveibel.) two parts the fecial “nerve lies m a 

5 deep groove. The blasternal auditory 

capsules fuse with the lateral processes 
)S of the occipital plate, leaving, how- 
ever, a wide gap between each capsule 
and the more median part of the 
occipital plate ; through this gap the 
internal jugular vein, and the glosso- 
't or dal pharyngeal, vagus and accessory cere- 
bige p ra j nerves are transmitted. 

At this stage the blastema which sur- 
rounds the hypophysial duet and forms 
the rudiment of the post-sphenoidal 
s part of the body of the sphenoidal 

j! bone, sends out a wing-like process 

/ on either side, the future great wing 
(ala magna), More anterior! \\ from 
tj the central blastema which is to 

Third cervical vertebra -Ell ' form the interorbitonasal septum, 

processes extend laterally and indicate 
the sites of the small wings (a, he 
parvse) of the sphenoidal bone, while condensations occur on cither side of the nasal 
fossae and blend above with the blasternal septum. 

The first indications of the vault of the skull are seen about the t hirtiet h day, 
and consist of blasternal plates which appear at the sides of the head and gradually 
extend into the upper wall where they blend with one another ; they also blend 
with the blastema at the base of the cranium. 
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In the shark and dogfish this blasternal cranium undergoes complete cliondrifiea • 
tion and forms the cartilaginous skull or ehondrocranium of these animals. In 
mammals the process of chondrification is limited to the base of the skull, including 
a region dorsal to the foramen magnum and the auditory capsules. (Tiondrilieat ion 
takes place primarily in two regions : {a) the anterior or prechordal part is developed in 
front of the notochord and shows no regular division into primitive segment s ; (b) the 
posterior or chordal part of the base of the skull is developed from the blastema which 
surrounds the notochord, and exhibits traces of four primitive segments separated 
from one another by the roots of the hypoglossal nerve. (In the spring squirrel t here 
is definite evidence that five primitive segments enter into the posterior part, as there 
are four separate roots of the hypoglossal nerves, and four hypoglossal canals.) 

In mammals chondrification takes place primarily in three regions ; (a) posterior, 
in relation to the notochord ; (6) intermediate, in relation to the hypophysis ; and 
(c) anterior, between the orbital cavities and the nasal cavities. These parts may be 
named chordal , hypophysial, and inter orbitonasal; perhaps the last is identical with the 
trabeculae cranii of the majority of vertebrates lower than mammals. It is uncertain 
what the hypophysial part represents ; when ossified it forms the postsphenoid. 

* In man chondrification of the skull (figs. 110, 11 1, 112, 113) begins in the second 
month of foetal life, even before the blasternal stage is completed, and the first nuclei 
appear in the occipital plate, one on either side of the notochord, medial to the 
hypoglossal canal. About the thirty-sixth day these two nuclei fuse anteriorly on 
the dorsal surface of the notochord, and later they fuse posteriorly on its ventral 
surface. Thus the notochord lies dorsal to the caudal part of the cartilaginous 
occipital plate, then traverses the plate and lies ventral to it, and finally pusses in 
front of it and ends on the dorsal surface of the post-sphenoidal cartilage (fig. 109). 

The posterior part of the sphenoidal cartilage chondrifies from two centres, one 
on either side of the developing hypophysis ; these unite first behind and then in 
front of the duct of the hypophysis, and in this way the craniopharyngeal canal, 


* The following description is mainly based on the researches of Professor E. Fawcett. The 
reader is referred for further details to the Journal of Anatomy and Physiology , volumes xiw, ll 
and lii. r and to the Proceedings of the. Anatomical Society of Great Britain and Ireland, 1010, 
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through which the hypophysial diverticulum ascends into the skull, is formed ; this 
canal is usually obliterated at the third month, but may remain open. 

The central blastema in front of the hypophysis undergoes independent chondri- 
fication ; it speedily joins with the posterior end of the chondrifying interorbitonasal 
septum, and from these are subsequently developed the presphenoidal part of the 
sphenoidal bone and the bony (ethmoidal) part of the nasal septum. All the above- 
mentioned parts ultimately fuse and form a continuous cartilaginous stem from the 
anterior edge of the foramen magnum to the anterior end of the nose. 

The blastemal auditory capsule next undergoes chondrification, the portion sur- 
rounding the semicircular canals (canalicular portion) chondrifying before that 
enveloping the cochlea. A plate of cartilage (parietal plate) is connected to the 


Fig. 110. — The chondocranium of a human embryo of a crown-rump length of 
27 mm. Superior aspect. (From a model prepared by Prof. Edward 
Fawcett and Gwladys Ruth Llewelyn, B.Sc.) 
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top of the canalicular part of each auditory capsule by means of a cartilaginous 
commissure. At the third month this plate forms a considerable part of the side- 
wall of the cranium, and is separated by only a small interval from the hinder end 
of the small wing of the sphenoidal bone. The distance between the two rapidly 
increases as age advances owing to the disappearance of the cartilage. 

It is highly probable that the roof of the cranium in its typical human condition is 
formed by three tecta, which may be called the tectum postering, tectum intermedium , 
and tectum anterius . The tectum posterius is broadest from above downwards, and 
when ossified forms the supra-occipital segment of the occipital bone. The tectum 
intermedium is very narrow and lies immediately in front of the tectum posterius ; 
it soon disappears, and may not even form. The tectum anterius which stretches 
between the two parietal plates is a compound structure consisting of two lateral 
pieces, one on each side, and a median unpaired segment. 
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Fig. 111. — The ehondrocranium shown in fig. 110. inferior aspect 
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The great wings of the sphenoidal bone have separate cartilaginous 
these fuse with the post-sphenoidal cartilage and with two nuclei which 
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the post-sphenoidal cartilage and the corresponding great wing with the anterior 
end of the cochlear capsule, lateral to the carotid artery. These nuclei form, on 
either side, the alar process which later ossifies as the lingula. The cartilaginous 
great wing is smaller than the small wing and only gives rise to the root of the 
pterygoid process and to that part of the bone which surrounds the maxillary 
division of the trigeminal nerve. 

Between the great wing and the auditory capsule is a wide space which lodges 
the semilunar (Gasserian) ganglion and transmits the mandibular division of the 
trigeminal nerve and the middle meningeal artery. The backward growth of the alar 
process cuts off this space from the carotid canal, and at a later date the mandibular 
nerve and middle meningeal artery are surrounded by membrane bone. The space 
between the great and small wings forms the superior orbital (sphenoidal) fissure. 

Chondrification of the small wing begins lateral to the optic nerve, and from this 
centre ingrowths extend in front of and behind the optic nerve and fuse with the 
hinder part of the interorbitonasal septum and so form the optic foramen. Ossifica- 
tion of the small wing begins just lateral to the optic foramen, but does not extend 
very far out ; a considerable part of the cartilage disappears, and owing to this, the 
small wing, in the bony condition, is much smaller than the great wing. 

The nasal capsule is situated in front of the small wings, and is well developed 
by the third month ; it consists of a central part, or septum, and two lateral parts. 

The septum lies partly under the brain (subcerebral) and partly in front of the 
brain (precerebral) ; its lower margin is almost horizontal and is, for a time, free ; 
its anterior border intervenes between the anterior nares (fenestras narinse). 

The lateral parts of the capsule are primarily suspended from the precerebral 
part of the septum ; later they are connected with the subcerebral part of the 
septum by the lamina cribrosa of the ethmoidal bone. Each lateral part consists 


Fio. 113. — The nasal capsule of a human embryo 65 mm. long. Ventral aspect. 
On the left side the floor of the capsule has been removed. (From a model 
by Professor Edward Fawcett.) 
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of an anterior, an intermediate and a posterior portion. The anterior and inter- 
mediate portions are separated externally by an anterolateral sulcus which corre- 
sponds interaallv with a semilunar crest ; the lower end of this crest forms the 
uncinate process of the ethmoidal bone. The posterior and intermediate portions 
are separated by a faint postero-lateral sulcus which corresponds internally with 
the middle nasal concha. The lower edge of the lateral wall of the capsule is 
incurved to. form' the inferior nasal concha which, at 'the fifth month, becomes 
ossified and detached from the lateral wall of the capsule. 

In man the floor of the cartilaginous nasal capsule is far from complete (fig. lid). 
In rodents and some marsupials it consists of an anterior and a posterior transverse 
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lamina connecting the lateral wall of the capsule with the septum : in front of the 
anterior lamina is the fenestra narina. The anterior and posterior 1 ransver<«‘ i a. mime 
are connected by a bar of cartilage which rims backwards almm-hh- the septum 
and forms the common paraseptal cartilage ; the anterior part of this cartilage is 
bitaminar, and between the laminae the organ of Jacobson is lodged ; the posterior 
part is. small and cylindrical. 

In man the greater part of the anterior transverse lamina is absent and thus the 
fenestra narina is continuous with the fenestra basalts, the two forming the fissnra 
rostroventralis. Further, only the anterior and posterior segments of the common 
paraseptal cartilage are developed in man; these parts are termed the anterior and 
posterior paraseptal cartilages and are united to one another by fibrous membrane. 

Part of the cartilaginous capsule is ossified to form the ethmoidal bone and the 
inferior nasal conchse, part remains cartilaginous as the septal and alar cartilages 
of the nose, and part is replaced by membrane bones. 

The ventral surface of the chondrocranium is indirectly connected with tie* 
cartilages of the visceral arches, the fate of which is described below. 

The bones of the vault of the skull are of membranous formation, and are i erased 
dermal or covering bones. They comprise the frontal and parietal bones, tin* tipper 

part of the squama occipitalis 
(interparietal bone), and the 
squanue and tympanic parts of 
the temporal bones. 1 hiring t he 
course of growth rart Ham* a? 
pears in the art malar tuber* a* 
(eminent ia articularis) of the 
temporal lame. Some of the 
dermal or covering bones remain 
distinct throughout life (e.g. 
parietal and frontal), while of hers 
join with the bones of the chort- 
drocranium (e . g. i 1 1 1 » • r pa ri e t a 1 a * •» 1 
squama* of lemporais). 

The branchial or visceral arches 
and pharyngeal pouches. In t he 
lateral walls of the anterior part 
of the fore-gut five pimrgngr.nl 
poaches appear (figs. 1 1m I Hi) ; 
each of the upper four pouches is 
prolonged into a dorsal and a 
ventral diverticulum, Over t hose 
pouches cones] tending indent a < 
turns of the ectoderm occur, 
forming what are known as the 
branchial or outer phargngml 
grooves . The mesoderm which intervenes between the pouches and the grooves is 
pressed aside for a time, and the ectoderm unites with the entoderm of the fore-gut. 
along the floors of the grooves to form thin dosing membranes between the fore-gut, 
and the exterior ; the mesoderm again penetrates between the entoderm and the 
ectoderm of these closing membranes. In gill-bearing animals the closing mem- 
branes disappear, and the grooves become the gill-clefts. Perforation does not 
occur in birds or mammals. 

The branchial grooves separate a series of rounded bars or arches, the branch wl 
or visceral arches in which thickening and consolidation of the mesoderm take place 
(figs. 114 to 116). The dorsal ends of these arches are attached to the sides of the 
head, while the ventral ends ultimately meet in the middle line of the neck. In 
all, six arches make their appearance, but of these only the first four are visible 
externally. The first arch is termed the mandibular, and the second the hvoid ; 
the others have no distinctive names. In each arch the central part of the mesoderm 
consolidates and is then converted into a cartilaginous bar, consisting of right and 
left halves. Moreover, each arch is traversed by a nerve and by one of the Primitive 

. T ke mandibular arch lies between the stomodaeum or primitive mouth and the 
first branchial groove ; from it are developed the lower lip, the mandible, the muscles 


Fig. 114. — A human embryo between eighteen and 
twenty-one days. Left lateral aspect. (His.) 
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of mastication, and the anterior part of the tongue. Its cartilaginous bar is formed 
by what are known as Meckel’s cartilages (right and left) (fig. 117). The dorsal end 
of each cartilage is ossified to form two of the three bones of the middle ear, viz. 
the malleus and incus ; the ventral ends of the two cartilages meet in the region 
of the symphysis rneriti, and become 
ossified and incorporated with that 
part of the mandible which lies 
below and inside the medial and 
lateral incisors (Low). The portion 
immediately below the malleus and 
incus is replaced by fibrous mem- 
brane which constitutes the spheno- 
mandibular ligament, while the 
mandible is ossified in the connec- 
tive tissue covering the remainder of 
the cartilage. From the dorsal ends 
of the mandibular arch a triangular 
process, the maxillary process', grows 
forwards on either side and forms 
the lower eyelid, the cheek, the 
lateral part of the upper lip, the 
zygomatic bone, and the greater 
part of the maxilla. 

The second or hyoid arch assists 
in forming the side and front of the 
neck. From the dorsal end of its 
cartilaginous bar the third bone of 
the middle ear, viz. the stapes, is 
developed, and subsequently be- 
comes attached to the auditory 
capsule. From the ventral part of 
the arch the styloid process, stylo- 
hyoid ligament, and lesser cornu of the hyoid bone are developed ; the glosso- 
pulatine arch indicates the position of the hyoid arch. The cartilage of the third 
arch gives origin to the greater cornu of the hyoid bone, and the ventral ends of 
the second and third arches unite with those of the opposite side, and form a 
transverse band, from which the body of the hyoid bone and the posterior part of 
the tongue are developed. From the cartilage of the fourth arch the thyreoid 

cartilage is developed ; from the cartilages 
of the fifth arch the cricoid cartilage is 
formed (Fawcett) .* 

The mandibular and hyoid arches grow 
more rapidly than those behind them, with 
the result that the third and fourth arches 
recede from the surface and form the floor 
of a deep depression, the sinus cervicaiis. 
The hyoid arch grows backwards and over- 
laps the sinus, the opening from which 
assumes the form of a narrow duct ; this 
duct closes and converts the sinus into a 
vesicle which disappears before the end of 
the second month. 

From the first branchial groove the 
concha of the auricula and the external 
acoustic meatus are developed, while 
around the groove there appear, on the 
mandibular and hyoid arches, several swellings from which the auricula or pinna 
is formed (p. 108). From the upper or dorsal parts of the . first and second 
pharyngeal pouches the auditory tube and the tympanic cavity are developed 
(p. 107) ; the closing membrane between the mandibular and hyoid arches is 
invaded by mesoderm, and forms the tympanic membrane. No traces of the 

* Professor Edward Fawcett (Proceedings of the Anatomical Society of Great Britain and 
Ireland , 1916). 


Fig. 116.- 'Hu* floor of the pharynx of the 
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Fig. 115. — The head-end of a human embryo, 
about the end of the fourth week. Left lateral 
aspect. (From a model by Peter.) 
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second, third, or fourth branchial grooves persist. . The dorsal angle of the second 
pharyngeal pouch is named the sinus tonsillaris ; in it the tonsil is developed, and, 
above the tonsil a trace of the sinus persists as the supratonsillar fossa. The 


Fig. 117 . — The head and neck of a human embryo, eighteen weeks old, with 
Meckel’s cartilage and the hyoid bar exposed. (After Kolliker. ) 



pharyngeal recess, or fossa of Rosenmuller, is by some regarded as a persistent part of 
the second pharyngeal pouch, hut it is probably develop 1 ! as a secondary formation. 
From the third pharyngeal pouch the thymus arises as an entodermai divert icul it m 
on either side, and from the fourth pouches small diverticula project' ami bmiim* 
incorporated with the thymus, but in man they probably never form t rue thymus 
tissue. The parathyreoids arise as diverticula from the third and fourth pouches, 
From the fifth pouches the ultimobranchial bodies originate and are enveloped by 
the lateral prolongations of the median thyreoid rudiment ; they do not, 'however, 
form true thyreoid tissue, nor are any traces of them found in the human adult . 


Fig. 118 , — The head of a human embryo about twenty-nine days old, Ventral 
aspect. (From a model by His.) 
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The nose and face.— During the fourth week two areas of thickened ectoderm, the 
olfactory plates, appear immediately under the fore-brain in the anterior wall of the 
stomodaeum, one on either side of a region termed the fronton,, sol process. By 

e upgrowth of the surrounding parts these areas are converted into the olfactory 
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pits, which indent the frontonasal process and divide it into a medial and two 
lateral nasal processes (figs. 118, 119). The rounded lateral angles of the medial 
process are named the globular processes (His). From the ectodermal lining of the 
olfactory pits the epithelium of the nasal cavities is derived. The mesodermal 
plates which are represented on the surface by the globular processes are termed 
the nasal lannnrr : these laminae are at first some distance apart, but, gradually 
approaching, they ultimately fuse and form the nasal septum ; the processes them-, 
selves meet in the middle line, and form the premaxillse and the central part of the 
upper lip (fig. 122). The depressed part of the medial nasal process between the 
globular processes forms the lower part of the nasal septum or columella; while 
above this is seen a prominent angle, which becomes the future apex (figs. 118, 120), 
and still higher a. flat area, the future bridge of the nose. The vomeronasal cartilage 
which supports the rudimentary organ of Jacobson and is found in the nasal septum, 
just above the nasopalatine recess, is derived from the anterior part of the common 


Fig. 119.- The head-end of a human 

embryo about thirty or thirtv-one days 
old. Ventral aspect. (From a model 
by K. Peter. ) 


Fig. 120. — The same embryo as is shown 
in fig. 119, with the front wall of the 
pharynx removed. 




p;ira.-''p1;d curtilage (p. 7(5). The lateral nasal process forms the ala of the nose, 
and from the cartilage of this process the lamina eribrosa and labyrinth of the 
ethmoidal I time, the inferior nasal concha, the lesser alar cartilages, and the crus 
lateral.* of the greater alar cartilage are developed. The lacrimal and nasal bones, 
and the frontal process of the maxilla are ossified in the membrane covering the 
cartilage of 1 he lateral nasal process. The maxillary process is separated for a time 
from tin* lateral nasal process by a groove, the naso-optiefurroie , which extends from 
the furrow encircling the eyeball to the olfactory pit. The maxillary processes ulti- 
mately fuse with the lateral nasal and globular processes, and form the lateral parts 
of the upper lip and the posterior boundaries of the nares (figs. 121 , 122). h rota the 
third to the fifth month the nares are filled by masses of epithelium, on the breaking 
down ami disappearance of which the permanent openings are produced. By the 
fusion of the maxillary processes with the nasal and globular processes in the roof of 
the Htouiodteum the prim it ire palate ( fig. 123) is formed, and the olfactory pits extend 
backwards above it. The posterior end of each pit is closed by an epithelial mem- 
brane, the huccanasal membrane, formed by the apposition of the nasal and stomo- 
dsettl epithelium. About the fifth week the bucconasal membranes rupture and the 
primitive <in m mv or openings between the olfactory pits and the stomodamm are 
established. The floor of the nasal cavity is completed by the development of a pair 
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of shelf-like palatine processes which appear about t he sixth week and extend medial- 
wards from the maxillary processes (figs. 124, 125) ; the palatine processes coalesce 
with each other and with the nasal septum in the middle line, and constitute the entire 
hard palate, except a small portion in front which is formed by the premaxilke. The 


Fig. 121. — The face of a 
human embryo of about 
eight weeks, in which the 
nose and mouth are 
formed. (From a model 
by His.) 



Fig. 122.- — A diagram showing the parts of the adult 
face and neck which are related to the frontonasal 
and maxillary processes and the branchial arches. 



soft palate is formed by two secondary backward growths, one on either side, from 
the palatine processes ; into these the palatine muscles extend, and the two parts 
ultimately join to form the soft palate and uvula. Two apertures persist for n 
time between the palatine processes and the prcniaxilho, and represent flu* permanent 
channels which in the lower animals connect the nose and mouth. 'Hie union of 
the parts which form the palate commences in front, the premaxillary and palatine 
processes joining in the eighth week of foetal life, while the region of the future 
hard palate is completed by the ninth week, and that of the soft palate by the 


Fig. 123. — The primitive palate of a human embryo about thirty-seven or 
thirty-eight days old. (From a model by K. Peter.) 



eleventh week. By the completion of the palate the permanent choance are formed 
and are situated a considerable distance behind the primitive choame. The nasal 
cavity is divided by a cartilaginous septum, the anterior part of which persists as the 
septal cartilage of the nose, but the posterior and upper parts are replaced by the 
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omer and the lamina perpendicularis of the ethmoidal bone. On either side of 
re nasal septum, at its lower and anterior part, the ectoderm is invaginated to 
>rm a diverticulum which extends backwards and upwards into the nasal septum 
nd is supported by a curved plate of cartilage. These diverticula form the 


Fig. 124— The roof of the mouth of a human embryo about two and a half months 
old, showing tlie mode of formation of the palate. (From a model by His.) 



Fig. 125. A frontal .section through the nasal cavities of a human embryo 
mm. long. (Kollmann.) 
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* J. Kmmt Frazer {Hunterian lecture. Lancet , July 8, 191,6) maintains that the increase in 
m of the nmmi cavities takes place in an upward and backward direction, and the septum is 
imply the part of the roof left undisturbed' between the paired upgrowths. He also points 
ut that by the ninth week the primitive choanse extend from the primitive palate to the top 
f the cavity of the mouth, and when the palatal folds meet they fuse with the lower two- 
birds or three-fourths of the septum* while the upper one-fourth or so of the septum remains 
efcween the upper parts of the openings which constitute the permanent choanas. 
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Applied Anatomy*— Cleft palate is a common malformation. The Heft usually starts 
posteriorly, and its most elementary form is a biiid uvula ; or the cleft may extend through 
the soft palate ; or the posterior part of the hard palate may be involved a* far forwards 
as the incisive foramen. In the severest forms, the deft passes between the indsivr> 
bone or premaxiila and the rest of the maxilla, and extends through the alveolar process, 
between the lateral incisor and canine teeth. The palatine port ion of t he premax ilia consists 
of a medial part corresponding to the medial incisor, and a lateral part to the lateral incisor. 
These two parts may fail to unite, and the cleft then runs between the centra! and Intend 
incisor teeth. The cleft mav affect one or both sides; if the latter, the preuuixilhe ure 
- frequently displaced forwards and remain united to the septum of the mm\ the dHkirmv 
in the alveolus being complicated with a cleft in the Kip {hare-lip*. Where the alvenhiV 
is not implicated, the -cleft is usually in- the median line, but occasionally it is umlatoial 
and in some cases bilateral. In those cases where the palatine processes fail to unite w ith 
each other and with the nasal septum, the deft of the palate k median ; w here one palatine 
process Unites with the nasal septum, the other failing to do so, the deft in the pulitto is 
unilateral. In some cases where the palatine processes fail to meet in the middle, the imstt! 
septum may grow downwards between them and thus produce a bilateral deft, 
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The limbs. — In the third week the limbs begin to make their appearance as siual! 
elevations or buds from a slight lateral ridge at either side of the trunk (fig. !2fi). 
Prolongations from several primitive segments extend into each bud. and carry 
with them the anterior divisions of the corresponding spina! nerves; the nerves 
supplying the limbs indicate the number of primitive segments which contribute 
to their formation—the upper limb being derived from seven, via. fourth « ei vit al 
to second thoracic inclusive, and 
the lower limb from ten, viz. 
twelfth thoracic to fourth sacral 
inclusive. The axial part of the 
mesoderih of the limb-bud con- 
denses and is converted into its 
cartilaginous skeleton, and by the 
ossification of this the bones of 
the limbs are formed. The limbs 
are at first directed backwards 
nearly parallel to the long axis of 
the trunk ; by the sixth week their 
long axes are at right angles to 
that of the trunk, and the three 
chief divisions of each limb are 
marked off by furrows— arm, fore- 
arm, and hand in the upper limb : 
thigh, leg, and foot in the lower 
(fig. 127). The futurejfeor surface 
of the Umb is directed ventrally ; 
the extensor surface, dotsally ; one 
border, the pre-wml > looks towards 

the cephalic end of the embryo* end the other, the po&axiul, towards t he caudal end. 
The lateral epiqondylp of the humerus, the radius, and the thumb lie along the pro- 
; axial border of the upper limb.; the medial epicondyle of the femur, the tibia, and 
.aipi^s ' the comsiK>nding border Qf the lower limb, the limbs next 
a rotation or torsion through an angle of 90° around their long axes, the 
: : rbtation being effected almost entirely at the limb girdles. The rotation of the 
■ upper limb is outwards and forwards ; that of the lower limb is inwards and back- 
: imis. As a consequence of this rotation the pre-axial (radial) border of the fore- 
Einb is directed latetalwards; and the pre-axial (tibia!) border of the hind-Uitib 
.m^Mwards ; thus the flex ot surface of the fore-limb is turned forwards; 'and that 
vvrt;-% lfind-liinb backwards. The pre-axial paii is derived Irani the anterior 
w post-axial from the posterior primitive segments of the 
to* large extent, the innervation of the adult limb, 
ante^pr segments bring distributed along the pre-axial J. 

pcftatenor: segments aloi^ ihe post-axial 
border of the fimb. -vv- :'v 

Tie: mespd^fm from, which the differeid parts Jot the skeleton aw : 

fc.-w. ** * «<»stonous cor tbe w^f the limb-buds 
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and a continuous column of mesoderm the future vertebral column. The first 
indications of the differentiation of the bones and joints are circumscribed conden- 
sations of the mesoderm; these condensed parts become chondrified and finally 
ossified to form the bones of the skeleton. The intervening non-condensed portions 
consist at first of undifferentiated mesoderm, which may be converted into fibrous 
tissue as in the case of the skull bones, a synarthrodial joint being the result ; or it 
may become partly cartilaginous, in which case an amphiarthrodial joint is formed ; 
or it may become looser in texture, a cavity ultimately appearing in its midst, while 
the cells lining the sides of this 
cavity form a synovia] stratum, 
and thus a diarthrodial joint 
is developed ; in some diarth- 
rodial joints portions of the 
mesoderm persist and form arti- 
cular discs. 

The tissue surrounding the 
original mesodermal core forms 
fibrous sheaths for the developing 
bones (perichondrium and perios- 
teum) which are continued be- 
tween the ends of the bones 
over the synovial strata as the 
fibrous capsules of the joints. 

These capsules are not of 
uniform thickness, so that in 
them may be recognised specially 
strengthened bands which are 
described as ligaments. This, 
however, is not the only method 
of formation of ligaments. In 
some cases by modification of, 
or derivations from, the tendons 
surrounding the joint, additional 
ligamentous bands are provided 
to strengthen the articulations. 

The muscles. The voluntary muscles are developed from the myotonies of 

the primitive segments. Portions of the myotonies retain their position on the 
sides of the neural tube, where they may remain distinct from each other and form 
the short muscles of the vertebral column, or fuse with corresponding portions of 
neighbouring myotonies to form the Sacrospinales and their continuations. Other 
portions of the my ui nines extend into the trunk wall where again they may retain 
their segmental condition, as in the Intercostales, or may fuse with adjacent 
segments to form the flat muscles of the abdominal wall. Finally, portions of the 
myotonies wander into the limb-buds and there undergo fusions and alterations 
in form to produce the limb muscles. The original segmental character of the limb 
muscles is therefore lost, but their segmental nerve supplies are retained. Some of 
the limb muscles expand and migrate secondarily towards the mid-dorsal line (e.g. 
Trapezius and Latissimus dorsi) or towards the mid-ventral line (e.g. Pectoralis 
major). Again, muscles may migrate in a cephalic direction (e.g. the facial muscles 
which are derived from the hyoid arch), or in a caudal direction (e.g. the Serratus 
anterior). In all cases they carry with them the segmental nerves of the myotonies 
from which they are derived ; one example of this will suffice, viz. the Serratus 
anterior, which is derived from the fifth, sixth, and seventh cervical segments as is 
indicated by its nerves of supply. In man and the higher vertebrates many of the 
derivatives of the myotomes degenerate and are converted into aponeuroses (e.g. 
the galea aponeurotica, and the aponeuroses of the abdominal muscles) or ligaments 
(e.g. the sacrotuberous ligament and the fibular collateral ligament of the knee). 

The involuntary muscles are derived from the splanchnopleure mesoderm. 

The skin and its appendages. — The epidermis, hairs, nails, sebaceous and 
sudoriferous glands are developed from the ectoderm, the corium or true skin 
from the mesoderm. The ectoderm at first consists of a single stratum of cells, 
but by the fifth week two strata can be recognised, a superficial, named the 
epifrtchtHht. consisting of flat cells, the nuclei of which stain readily, and a deep, 


Fig. 127. — A human embryo about six weeks old. 
(His.) 
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named the stratum germinativum , consisting at first of cubical, but later of 
columnar, cells. By multiplication and differentiation of t lie cells of the strut tint 
germinativum the different layers of the epidermis are developed, towards the 
end of the third month the mesoderm condenses to form the coriunq and at about 
the same time the subcutaneous areolar tissue is different iatetl ; in the fourth 
month the dermal papilla* begin to make their appearance^ A considerable 

desquamation of the epidermis takes place, and 
this desquamated epidermis, mixed with seba- 
ceous secretion, constitutes the rrmix msami, 
with which the skin is smeared during the last 
three months of foetal life. ^ 

The ham (fig. 128) originate as t bndrening.-- 
of the epidermis which grow obliquely down- 
wards as solid buds into the curium. each 


bud consisting of an outer stratum of columnar 


Fig. 128. — Successive stages in the 
development of a hair. 
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cells and a core of polygonal cells. The deep 
end of each bud expands to form the hair-bulb 
which is moulded over a papilla of condensed 
mesoderm. The cells of the hair- bulb pro- 
liferate and form a cone of cells, from which 
the sea pus or shaft of the hair and its inner 
sheath are develops!; the hairs gradually 
lengthen by growth at the hair-bulb, and ulti- 
mately project on the surface, 

The sebaceous gin mis originate as lateral 
outgrowths from the sides of the hair-buds, 
and, pushing their way into the mesoderm, 
divide into three or four oval or flasks shaped 
alveoli, the lining cells of which are derive*! 
from the stratum germinativum. 

The rudiments of the sudor ifmms or surut 
tf lands make their appearance on the palms of 
the hands and soles of the feet to the fourth 
month, and closely resemble the rudiments of 
the hairs, each brimming us a solid down- 
growth of the ectoderm. The ectodermal 
downgrowth lengthens, and its deeper part 
coils on itself and forms the body of the. gland, 
A lumen is developed in the downcrevU h about 
the seventh month of feet a { life, and opens »*n 
the surface by a duct which is lined with two 
layers of cells. In the secreting part of the 
gland the outer layer of cells is modified to 
form a stratum of smooth uumc bo fibres which, 
lies between the epithelium of the gland and 
the base me nt-me i nbm mo Many sudoriferous 
glands arise as ectodermal downgrmvths from 
the superficial portions of the Imir* follicle* and 
later acquire independent openings on the 
surface of the skin. 

The mauimarg gland may be looked upon 
as a collection of greatly modified .sudoriferous 
glands; the epithelial lining of its duets and 
alveoli is derived from the ectoderm, its supporting connective tissue from the* 
mesoderm. On either side of the ventral surface of young embryos a thickened 
band of ectoderm, termed the mill-ridge , extends obliquely from the axilla to the 
inguinal region, and in some of the lower mammals mamma are developed at 
intervals along this ridge. In man only one mamma, as a rule, is devebpd on 
either side of the middle line, hut supernumerary glands or nipples are sometimes 
found above or below the fully developed gland/ 

The rudiment of the mamma appears as a thickening and subsequent down- 
growth of the ectoderm ; from this downgrowth fifteen or twenty solid cords bmtieli 
off, each cord representing a future lactiferous tubule and lobe of the gland. The 
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deep ends of the cords subdivide in the. mesoderm and form the alveoli of the 
gland. The region where the ectodermal thickening occurred is subsequently 
raised to form the nipple, and about the time of birth the tubules and alveoli 
become canalised. At the age of puberty, and in a greater degree towards the end 
of pregnancy, a marked enlargement of the gland, and a development of additional 
lobules and alveoli, take placed 

The rudiments of the nails can be seen in embryos of about 1*5 cm. in length, 
and appear as primary nail-fields of ectoderm on the dorsal surfaces of the terminal 
phalanges of the digits. At the proximal end and sides of each nail-field the epi- 
dermis is invaginated to form the nail-folds, while the distal end, which will 
ultimately form the free end of the nail, is bounded by a shallow groove. The nail 
is developed from the posterior nail-fold and consists of modified stratum lucidum. 
The stratum corneum covers the nail and forms the eponychium ; this disappears 
from the surface of the nail, with the exception of a narrow fold which overlaps 
the proximal part of the limule of the nail. 


THE DEVELOPMENT OF THE NERVOUS SYSTEM AND SENSE-ORGANS 

The nervous system is derived from the ectoderm and first appears as the neural 
groove on the dorsal aspect of the embryo (fig. 80). By the elevation and ultimate 
fusion of the neural folds, the groove is converted into the neural tube (fig. 82). 
The anterior end of the tube expands to form the three primary brain-vesicles ; 
the cavity of the tube is subsequently modified to form the ventricular cavities of 
the brain and the central canal of the medulla spinalis ; from the wall the nervous 
elements and the neuroglia of the brain and medulla spinalis are developed. 

The medulla spinalis. — At first the wall of the neural tube is composed of a 
single layer of columnar ectodermal cells. The lateral parts of the wall soon thicken, 
while the dorsal and ventral parts remain thin, and are named the roof- and floor- 
plates (figs. 129, 131). A. transverse section of the tube at this stage presents an 
oval outline and a slit-like lumen. The cells which constitute the wall of the tube 
(uolifiuafc rapidly, lose their cell-boundaries and form a syncytium consisting at 
ti i> t of druse protoplasm with closely packed nuclei, but later opening out and 
forming a loose mesh work with the strands radiating from the central canal. 
Three layers of this syncytium may be defined — an internal or ependymal, an 
intermediate or mantle, and an external or marginal (fig. 129). The ependymal layer 
is ultimately converted into the ependyma of the central canal ; the processes of 
its cells pass outwards towards the periphery of the medulla spinalis. The marginal 
layer is devoid of nuclei, and later forms the supporting framework for the white 
funiculi of the medulla spinalis. The mantle layer represents the future grey columns 
of the medulla spinalis ; its cells are differentiated into two sets, viz. (a) spongio- 
blasts or young neuroglia-cells, and (h) neuroblasts or young nerve-cells (fig. 130). 
The spongioblasts are connected to another one by filaments of the syncytium ; 
in these, fibrils are developed, so that as the neuroglia cells become defined they 
exhibit their characteristic mature appearance with multiple processes proceeding 
from each cell. The neuroblasts are large, round or oval, and first make their 
appearance between the ependymal cells on the .sides of the central canal. They 
increase rapidly in number, so* that by the fourth week they form an almost con- 
tinuous layer on either side of the central canal. No neuroblasts are found in 
the roof- or floor-plates ; the roof-plate retains, in certain regions of the brain, its 
epithelial character ; elsewhere, its cells become spongioblasts. The neuroblasts 
or young nerve-cells migrate from the sides of the central canal into the mantle 
layer, and at the same time become pear-shaped; the tapering part of the cell 
undergoes still further elongation, and forms the axis-cylinder of the cell. 

The lateral walls of the medulla spinalis increase in thickness, and the central 
canal widens out near its dorsal extremity, and assumes a somewhat lozenge-shaped 
appearance. The widest part of the canal subdivides the lateral wall of the neural 
tube into a dorsal or alar , and a ventral or basal lamina (fig. 131), a subdivision 
which extends into the brain. The dorsal part of the canal is reduced to a mere 
siifc which is subsequently obliterated by the approximation and fusion of its walls ; 
the ventral part persists as the central canal of the adult medulla spinalis. The 

* Consult, ' The mammary apparatus of the Mammalia,’ by Ernst Bresslau. 1920. 
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caudal end of the canal exhibits a conical expansion which is known as the ter muni 
ventricle . 

The ventral part of the mantle layer increases in thickness, and oiwross^eethen 
appears as a triangular patch between the marginal and ependymal layers. I. his 
thickening is the rudiment of the anterior column of grey substance, and contains 
many motor neuroblasts, the axis-cylinders of which pass out through the marginal 
layer and form the anterior roots of the spina! nerves (fig. 12b). Dart and SD*j- 
shear* are of opinion that the motor neuroblasts originate in the myotomes, and 
migrate into the wall of the neural tube. The thickening of the mantle layer 
gradually extends in a dorsal direction, and forms . the posterior column of grey 
substance. In the thoracic and upper lumbar regions a lateral or intermediate 
column of grey substance is differentiated. The axons of the cells of this column 
form the splanchnic efferent nerves; they emerge in the anterior nerve-routs, and 
pass through the white rami communicant- es to the ganglia of the sympathetic 

Big. 129. — A transverse section through the medulla spinalis of a human 
embryo four weeks old. (His.) 



trunk. The axons of many of the neuroblasts in the alar lamina run forward, cross 
in the floor-plate to the opposite side of the medulla spinalis, and form t he rudiment 
of the anterior white commissure. 

About the end of the fourth week nerve-fibres appear in the marginal layer, 
The first to develop are the short intersegrnental fibres from the lumrobiusts in the 
mantle zone, and the fibres of the posterior roots of the spinal nerves which pass 
into the medulla spinalis from the cells of the spinal ganglia. By the sixth week 
the fibres of the posterior roots of the spinal nerves form a well-defined tmil fmatlir 
in the peripheral part of the alar lamina ; this bundle increases in size, and spnmlhm 
towards the middle line forms the rudiment of the posterior funiculus. The lung 
intersegrnental fibres begin to appear about the third month, ami the cere hr us pin, a! 
fibres about the fifth month. All nerve-fibres are at first destitute of medullary 
sheaths, and different groups of fibres receive their sheaths at different times* c.g. the 
anterior and posterior nerve-roots are medullated about the fifth month, the cerebro- 
spinal fibres after the ninth month. 

By the growth of the anterior columns of grey substance, and by the increase 
in size of the anterior funiculi, an anterior furrow is formed between Urn lateral 
halves of the medulla spinalis ; this gradually deepens to form the anterior median 
fissure (fig. 131, B). The mode of formation of the posterior septum is somewhat 
uncertain. It is probably produced by the growing together of the walls of the 
posterior part of the central canal and by the development from its ependymal 

* Raymond A. Dart and ’Joseph L. Shellahe-ar, Journal of Anatomy, vol. Ivi. January 1022. 
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cells of a septum of fibrillated tissue which separates the future funiculi graciles. 
The cervical and lumbar enlargements appear simultaneously with the development 
of the limb-buds. 

Fig. 130. — A transverse section through the medulla spinalis of a human embryo 
at the beginning of the fourth week. (After His.) The left edge of the 
figure corresponds to the lining of the central canal. 

Germinal cell 



In early foetal life the medulla spinalis occupies the entire length of the vertebral 
canal, and the spinal nerves pass outwards at right angles. When the embryo has 
attained a length of 30 mm. the vertebral column begins to grow farther caudal- 
wards than the medulla spinalis, and the latter gradually assumes a higher position 
within the vertebral canal, the principal part of this upward migration occurring 
during the first half of festal life. By the twenty-fifth week of foetal life the terminal 
ventricle of the medulla spinalis (p. 86) has ascended from the level of the second 


Pig. Transverse sections through the medullas spinales of human embryos. 

A, about four and a half weeks old. B, about three months old. (His.) 
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coccygeal vertebra to that of the third lumbar vertebra, or a distance of nine 
segments, and there remain but two segments before the adult position is reached 
(Streeter*). A delicate filament, the ftlurn terminate, extends from the lower end 
* George L. Streeter, American Journal of Anatomy, vol. 25, 1919. 
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of the medulla spinalis as far as the first piece of the coccyx, and represents that 
part of the foetal medulla spinalis which is caudal to the second oo.vv^.mI segment, 
and has "become converted into a fibrous strand. This strand, like the sacral nerve- 
roots, elongates in adaptation to the ascending displacement of the medulla spinalis. 

The spinal nerves.— Each spinal nerve is attached to the medulla spinalis by 
an anterior and a posterior root. 

The fibres of the anterior or motor roots are formed by the axons of the neuro- 
blasts which lie in the ventral part of the mantle layer; these axons grow out 
through the overlying marginal layer into the myotonies of the primitive segments, 
and are ultimately aggregated to form the anterior nerve-roots (fig. 129). 

The fibres of the posterior roots are developed from the. cells of the spinal gantrlia. 
Before the neural groove is closed to form the neural tube a ridge of ectodermal 
cells, the ganglion-ridge or neural crest (fig. 132), appears along the prmuim-nf margin 
of each neural fold. When the folds meet in the middle line the two «an«lion-ridtre» 
fuse and form a wedge-shaped area along the line of closure of tin* tuL*. The 
cells of this area proliferate rapidly opposite the primitive segments to form a series 

of oval shaped masses which lose 


Fio. 132. Two stages in the development of 
the neural crest in the human embryo. 
(Lenhossek.) 



their connexions with the neural 
tube and then migrate for a short: 
distance in u lateral a ml ventral 
direction. From the ventral part 
of each mass a small portion is 
detached to form a symj.af hrt L 
ganglion, while the remainder is 
converted into a spina! ganglion. 
These spinal ganglia are arranged 
symmetrically on the two sides of 


the neural tube and, except in flu 






m mm 




region of the tail, are equal in 
number to the primitive segments. 
The cells of the ganglia, like the 
ce ^‘ s mantle layer, are of 

^ two kinds, viz. spongioblasts ami 

* 3eg * i ^ neurobiasfs. The spongioblasts de 

vek>}> into f he neuroglial cells of t la* 
S tt nglia. Tim neuroblasts, at first 
^ O round or oval in shape, soon assume 

& ^ ie * orm spindles the extremities 

* of which gradually elongate into 
central and peripheral processes. 
The central proeess«*s grow medial- 
wards . and, becoming connected with the neural tube, constitute the fibres of the 
posterior nerve-roots, while the peripheral processes grow lateralwarck to mingle 
with the fibres of the anterior root in the spinal nerve. As development proceeds 
the original bipolar form # of the cells changes; the two processes become 
approximated until they ultimately arise from a single stem in a T-shapM manner, 
The bipolar form is retained in the retina and in the ganglia of the acoustic nerve. 
Some recent observers hold, however, that the T-forra is derived from the brunch- 
mg of a single process which grows out from the cell 

. ^ an J embryologists maintain (1) that each motor nerve-cell gives origin to a 
smgie motor nerve-fibre which later becomes connected to its own special mvoiome. 
and (2) that each sensory nerve-cell gives origin to two processes, a emit ml which 
grows into the medulla spinalis or into the brain, and a peripheral which passes 
outwards to unite with, the sense-organ supplied by the nerve. It is, however, 
probable that the myotomes and the peripheral sense-organs are from the first 
connected with the central nervous system, and that this connexion is never lost. 1 a 
Lepidosiren paradoxa, Graham Kerr * has traced back the development of the motor 
y a P® nod “ ^ hlct is represented by a bridge of soft granular proto- 
plasm connecting the medulla spinalis and myotome at a stage when these structures 
™ , a PP 0Slfcwn ;. myotome is pushed outwards it remains connected 

with the medulla spinalis by the ever-lengthening strand of nerve, which soon loses its 
granular protoplasmic character and assumes a fibrillated appearance. A similar 

J. Graham Kerr, Transactions of the Royal Society of Edinburgh, voh xli. part i, 1903-4. 
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condition probably exists regarding the development of sensory nerve-fibres, for 
Cameron and Milligan * have shown that in early embryonic life the cell-elements of 
the_ sense-epithelium of the auditory vesicle are connected with those of the hind- 
brain by a continuous tract of nucleated protoplasm (syncytium) which is never 


Inn 133. A human embryo 30*2 nun . long, showing the peripheral nerves. 
(After a reconstruction by His.) (From Quain’s Elements of Anatomy, 
vol. i., Embryology.) 


Auditory vesicle 




The abdumtt wrvu h nut but is seen passing forwards to the eye under the mandibular 

and maxillary nerves. 


severed. This syneyt ium, at first undifferentiated, becomes fibrillated longitudinally 
to form a continuous tract of nerve-fibres (the future auditory nerve) uniting the 
sense-epif helium of the auditory organ with the hind-brain. 

The anterior and posterior nerve-roots join immediately beyond the spinal 
ganglion to form f lie spinal nerve (fig. 133), which then divides into anterior, posterior, 
and visceral divisions. .The anterior and posterior divisions proceed directly to their 
areas of distribution without further association with ganglion-cells. The visceral 

* * The development of the auditory nerve in vertebrates,’ Journal oj Anatomy and 
Physiology, vol. xliv. 
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divisions are distributed to the thoracic, abdominal, and pelvic viscera, to reach 
which they pass through the strnipathetic trunk, and many of the fibres of these 
divisions form arborisations around the ganglion-cells of this trunk. Visceral 
divisions are not given off from all the spinal nerves ; they form two groups, viz, 
(a) tiioracicohmibar , from the thoracic and the first and second lumbar nerves; 
and (1) sacral, from the second, third and fourth sacral nerves. 

The brain is developed from the cephalic end of the neural tube, which at an 
early period expands into the three primary cerebral vesicles (fig. bf ). These are 
marked off from each other by constrictions, and are named the rkomhatiyphnUm 
or hind-brain , the mesencephalon or mid-brain , and the pros* nrrphnboi or f ore-f train 
the first being continuous with the medulla spinalis. As tie* result of tin* unequal 
growth of its different parts three flexures appear in the brain ; two of these* flexures 
are concave ventrally and are associated with comvspondinu flexures of the head 
The first appears in the region of the mid-brain, and is named the rent ml erphalm 
jlexure (figs. 134, 139); the fore-brain bends in a ventral direction around the anterior 
end of the notochord and fore-gut until its floor lies almost parallel with that of 


Fig. 134. — A diagram to illustrate 
the alar and basal laminae of 
the brain vesicles. (His.) 



Fig. 13a. — A transverse section through the 
medulla oblongata of a human embryo, & 32. 
{ Frol n Kol hmmn's F.nt w i e k e h m g m duehte.) 
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the hind-brain. The mid-brain is for a time the most prominent part; of tin* brain, 
since its dorsal surface corresponds with the convexity of the lloxmv. The second 
bend appears at the junction of the hind-brain and medulla spinalis, ami is termed 
the cervical flexure (fig. 138). It increases from the third to the end of the fifth 
week, when the hind-brain forms nearly a right angle with the medulla spinalis ; 
after the fifth week erection of the head takes place and the cervical flexure diminishes 
and disappears. The third bend is named the pontine flexure (tig. MU), because 
it is found in the region of the future pons (Varolii). It differs from tin* other 
two in that (a) its convexity is forwards, and (b) it does not affect t he head. 

The lateral walls of the brain-tube, like those of the medulla spinalis, art* divided 
by internal furrows into dorsal or alar and ventral or basal lamina; (tigs. KM, 13, r >). 

The rhombencephalon or hind-brain.-- The cavitv of the hind-brain becomes 
the fourth ventricle. By the time the ventral cephalic flexure appears the hind- 
brain ^exceeds in length the combined lengths of the other two brain vesicles. 
Anteriorlyit exhibits a constriction, the isthmus rhombencepkali ( fig. 131, Isthmus), 
which is best seen when the brain is viewed from the dorsal aspect. From the 
isthmus the brachia conjunctiva of the cerebellum and the anterior medullarv 
velum are formed. The rest of the hind-brain consists of two parts, an upper, 
the metencephalon, and a lower, the myelenccphulou. The cerebellum is developed 
by a thickening of the roof, and the pons by a thickening of the floor and lateral 
walls of the metencephalon. The floor and lateral walls of the myetcueephalun 
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are thickened to form the medulla oblongata ; its roof remains thin, and, retaining 
to a great extent its epithelial nature, is expanded in a lateral direction. Later, by 
the growth and backward extension of the cerebellum, the roof is folded inwards 
towards the cavity of the fourth ventricle ; it assists in completing the dorsal 
wall of this cavity, and is also invaginated to form the ependymal covering of 
the ehorioid plexuses of the ventricle. Above it is continuous with the posterior 
medullary velum ; below, with the obex and ligulse. 

The development of the medulla oblongata , though resembling that of the medulla 
spinalis, exhibits one or two interesting modifications. At an early stage the 
myelencephalon consists of two lateral walls, connected across the middle line 
by floor- and roof-plates (figs. 135, 136). Each lateral- wall consists of an alar 
and a basal lamina, separated by an internal furrow, the remains of which are 
represented in the adult brain by the sulcus limitans of the rhomboid fossa. 
The contained cavity is more or less triangular in section, the base being formed 
by the thin and greatly expanded roof-plate, the upper part of which ultimately 
forms the posterior medullary velum. Pear-shaped neuroblasts are developed in 


Fie*. 130.—- -A transverse section through the medulla oblongata of a human 
embryo. (After His.) 



the alar and basal lamina*, and their narrow stalks are elongated to form the axis- 
cylinders of the nerve-fibres. Opposite the furrow or boundary between the alar 
and basal lamina* a bundle of nerve-fibres attaches itself to the outer surface of 
the alar lamina This is named the traclus solitarius (fig. 136), and is formed by 
'the sensory fibres of the glossopharyngeal and vagus nerves. It is the homologue 
of the oral bumlh seen in the medulla spinalis (p. 86), and, like it, is developed 
by an ingrowth of fibres from the ganglia of the neural crest. At first it is applied 
to the outer surface of the alar lamina, but is soon buried by the growth over it 
of the neighbouring parts. Bv the fifth week the dorsal part of tie alar lamina 
bends in a lateral direction along its entire length to form what is termed the 
rhombic lip (figs. 136, 140). Within a few days this lip adheres to, and unites with, 
the outer surface of the main part of the alar lamina, and so covers in the tractus 
solitarius and also the spinal root of the trigeminal nerve. 

Xeuro blasts accumulate in the mantle layer those in the basal lamina corre- 
spond with the cells in the anterior grey column of the medulla spinalis, and, like 
them, give origin to motor nerve-fibres ; in the medulla oblongata the neuroblasts 
are arranged in groups or nuclei, instead of forming a continuous column as in the 
medulla spinalis. From the alar lamina and its rhombic lip, neuroblasts migrate 
into the basal lamina, where some are aggregated to form the olivary nuclei, while 
many send their axis-cylinders through the floor-plate to the opposite side, and 
thus constitute the rudiment of the raphe of the medulla oblongata. By means of 
this thickening of the ventral portion the motor nuclei are buried deeply in the 
interior, and In the adult are found close to the rhomboid fossa. This is still 
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further accentuated : (a) by the development; of the pyramids of the medulla 
oblongata, which are formed about the fourth month by the dmvngrowfch of the 

cerebrospinal fasciculi ; and (b) by 
the fibres which pass to and from 
the cerebellum. 

The pans is developed front the 
ventrolateral wall of the meten** 
eephalon by a process similar to 
that which has been described for 
the ventrolateral wall of the medulla 
oblongata. 

The (vtuMbnu is developed in 
the roof of the anterior par! of the 
hind-brain (figs. 1ST to 112). The 
alar kirnime of this part increase in 
thickness and form two lateral plates 
which fuse in the middle line and 
produce a thick lamina which roofs 
the upper part of the cavity of the 
hind-brain vesicle; this lamina con- 
stitutes the rudiment, of the cere- 
bellum, the outer surface of which 
is original! v smooth and convex, 
The flocculus and nodule are de 
veloped from the rhombic lip, and 
are recognisable as separate portions 
before any of the other cerebellar 
lobules. The fissures of the cerebellum appear first in the vermis and floceular 
region, and traces of them are found during the third month ; t he fissures on 
the cerebellar hemispheres do not 
appear till the fifth month. The 
primitive fissures are not developed 
in the order of their relative size 
in the adult — thus the horizontal 
sulcus at the fifth month is merely 
a shallow groove. The more im- 
portant of the early fissures are : 

(a) the fissura prima between the 
developing culmen and clivus, and 

(b) the fissura secunda between the 
future pyramid and uvula. The 
groove produced by the bending 
over of the rhombic lip is here 
known as the floccular fissure ; 
when the two lateral walls fuse, 
the right and left floccular fissures 
join in the middle line, and their 
central part becomes th epostnodular- 
fissure . 

On the ventricular surface of 
the cerebellar lamina a transverse 
furrow, the incisura fastigii , appears 
and then deepens to form the tent- 
like recess of the roof of the fourth 
ventricle. , The rudiment of the 
cerebellum at first projects in a 
dorsal direction ; but, by the back- 
ward growth of the cerebrum, it is 
folded downwards, and somewhat 
flattened, and the thin roof-plate 
of the fourth ventricle, originally 
continuous with the posterior border of the cerebellum, is projected inwards towards 
the cavity of the ventricle. 


Fig. — The brain of a human embryo about 

four and a half weeks old. Bight lateral 
aspect. (From a model by Mis.) 



Fig. 187. — The hind-brain of a human embryo 
about three months old. Viewed from behind 
and partly from the right, side. (From a 
model by His.) 
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the intervillous space, but these pillars clo not extend as far a* the rimrhm, i*.veepr 
in, the marginal part of the placenta ; later they form the pinmifnl whit '1| 

incompletely divide the placenta into lobes or cohfledovs. 

Maternal blood is conveyed to the intervillous space by brand, nf the uterine 
arteries and carried away by tributaries of the uterine veins digs. 101, The>». 

vessels lose their muscular coats as they ont er the basal plate. and in this plate consul 
of sinuous channels lined only with endothelium ; these channel open into t In- 
intervillous space, the arteries ending near the placental septa and i lie veins beginning 
near the centres of the cotyledons. The endoilidinl lining of the tueriue veno<!> 
ends where the vessels open into the in 0*r\ il 1 - the lat t er being lined t h rondo 

out with syncytiotrophoblast. The cirri;;. part of the iniervilLm,* >p;ire 


Fig. 101. — A foetus in utero, between the fifth and sixth month 



consists of an irregular channel named the m ftp ml sinus (lit*. 1 1 t-j « : j|,i< sum. 
partly encircles the placenta and communicates nmpherallv with tie* uterine vein- 
andcentoaUy with the intervillous space ; clusters of placental villi project i„„, it, 
Ihe foetal and maternal blood-currents do not intermifiude. being separated 
h J the delicate walls of the villi. Nevertheless, the Mai bb>,„! 
L mafif’ through the walls of the villi, oxygen and nutritive materials from 
the materna! blood, and give up to the latter its waste products. The Wood. ... 

th^ftli ITT 1 b ? k , to the t f ? t , us b >' thc mmWBmJ veins. it will thus lie seen 
w t nt k * 0t ? n y establl shes a mechanical connexion bet ween the mmhej 

and excretion’ f ° ♦ ^ latter t,ie purposes <»f nutrition, respiratmn. 

+ ] ti - 1 ? P lacenta Possesses certain selective powers is evidenced 

by the fact that glucose is more plentiful in the maternal than in the Petal blond 
is interesting to note i also that the proportion d , „ , g 

la r St m0nthB - Qt po'poancy. Further , 1 there i" ibi , i',. 
leucocytes may migrate into the fatal blood, sine le,n - 

ZmiSZT”* “ Iood 
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The diencephalon . — From the alar lamina of the diencephahn. the thalamus, 
metathalamus, and epithalamus are developed. The thalamus (figs. 138 to 1-12) 
arises as a thickening which involves the anterior two-thirds of the alar lamina. The 
two thalami are visible, for a time, on the surface of the brain, but are subsequently 
hidden by the cerebral hemispheres which grow backwards over them. The thalami 
extend medialwards and gradually narrow the interval between them intn a slit-like 
cavity which forms the greater part of the third ventricle ; their medial surfaces 
adhere, in part, to each other, and the intermediate mass of the ventricle is developed 
across the area of contact. The metathalamus comprises the? medial and lateral 

E niculate bodies which originate as slight outward bulging* t»f the alar lamina. 

the adult the lateral gefniculate body appears as an eminence on the lateral part 
of the posterior end of the thalamus, while the medial lies under cover of t he pulviimr 

Fig. 140.— The brain of a human embryo, about five weeks old. Right Intern! 
aspect; the roof of the hind-brain has been removed. (From a niudet by 
His.) 


Triffvnum hahvwtltt 



of the thalamus. The epithalamus includes the pineal l>odv, the posterior com- 
missure, and the tngonum habenula*. The pineal body arises as a bilateral evaainu- 
tion of the roof-plate immediately in front of the mid-brain ; only the left portion 
of ito examination persists in vertebrates, and it becomes solid with the exception 
of its proximal part, which forms the recessus pinealis. The pineal body consists 
esamtially of (a) a distal part representing a rudimentary eye, and (6) a proximal 
tort winch is glandular in nature ; only this latter portion is represented in man. 

S^?°L e ° n T 88U ” « form « d the ingrowth of fibres iifto the depression 
befond^and below the pineal evagination, and the trigohum habenuhe is developed 
in front of the pineal recess. > , V 

; .From the baw.1 lanunm of the diencCphalon the port mamillaru hypothalami 
developed tms^omprihes the corpora mamillaria and the posterior part of the 
The corpora maimllaria arise as a single ttdcfcettin|^wWeh ii 
divided by a median furrow during the third month, ’i ■■■;, * “ *7 

Pfoeal body* reinainsthin and 
And 18 paginated by the ehorioid plexuses 

'of a' median portion and two lateral divorticuia 
'rtf ^*6 fc&vity offche third Veatribfo* 

^fe^^^^^^^^&^termtaaUsfTheiaforfddiSS 

'< ' the eavities fopresent the fut ur e 
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lateral ventricles, and their walls the nervous matter of the cerebral hemispheres. 
The roof-plate of the telencephalon remains thin, and is continuous in front with 
the lamina terminalis, and behind with the roof-plate of the diencephalon. In 
the basal lamina? and floor-plate the pars optica hypothalami is developed ; this 
comprises the anterior part of the tuber cinereum, the infundibulum and posterior 
lobe of the hypophysis, and the optic chiasma. The anterior part of the tuber 
cinereum is derived from the posterior part of the floor of the telencephalon ; the 
infundibulum and posterior lobe of the hypophysis arise as a downward diverticulum 
from the floor. The most dependent part of the diverticulum becomes solid and 
forms the posterior lube of the hypophysis ; the anterior lobe of the hypophysis 
is developed from a diverticulum of the ectodermal lining of the stomodceum (p. 135). 
The optic chiasma is formed by the meeting and partial decussation of the optic 
nerves, which subsequently grow backwards as the optic tracts and end in the 
diencophalun. 

Fig. 141. — Tie- bruin of a human embryo about five weeks old. Medial aspect 
of right half. The roof of the hind-brain has been removed. (From a 
model by His.) 



The cerebral hemisphere* arise as diverticula of the alar lamina? of the telen- 
cephalon (figs. .138 to 142); they increase rapidly in size and ultimately overlap 
the structures developed [nan the mid- and hind-brains. This great expansion 
of the hemispheres is a clmruct eristic feature of the brains of mammals, and attains 
its maximum development in the brain of man. G. Elliot Smith divides each 
cerebral hemisphere into throe fundamental parts, viz, the rhinenCephalon, the 
corpus striatum, and the m**»p;d]mm. 

The Thhtciiccpiutlu „ (figs, 140 to 143) represents the oldest part of the telen- 
cephalon, and forms almost the whole of the hemisphere in fishes, amphibians, and 
reptiles, in man it is feebly develop***] in comparison with the rest of the hemi- 
sphere, and comprises the following parts, viz. the olfactory lobe (consisting of the 
olfactory tract and bulb, and the trigonum olfactoriura), the anterior perforated 
substance, the septum pdluddum, the subcallosal, supracallosal, and dentate gyri, 
the fornix, the hippocampus, and the uncus. The rhinencephalon appears as a 
longitudinal elevation, with a corresponding internal groove, on the under surface 
of the hemisphere dose to the lamina terminalis ; it is separated from the lateral 
surface of the hemisphere by a furrow, the external rhinal fissure, and is continuous 
.behind with that part of the hemisphere which will ultimately form the anterior end 
of the temporal lobe. The elevation is divided by a groove into an anterior and 
a posterior part. The anterior grows forward as a hollow stalk the lumen of which 
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Is continuous with the anterior part of the lateral ventricle. Dining the third 
month the stalk becomes solid and forms the rudiment of the olfactory bulb ami 
tract ; a strand of gelatinous tissue in the interior of the bulb indicates the position 
of the original cavity. From the posterior part the anterior perforated substance 
and the pyriform lobe are developed ; at the beginning punlh month the 

latter forms a curved elevation continuous behind wnh the medial surface oi the 
temporal lobe, and consisting, from before backwards, of the gyrus oitac*tonii8 
lateralis, gyrus ambiens, and gyrus semilunaris, parts which m the adult. bram 
are represented by the lateral root of the olfactory tract and the uncus. J he 
position and connexions of the remaining portions of the rliiniunvphah »n arc described 

with the anatomy of the brain. . . . , 

The corpus striatum (figs. 139, 141) appears in the fourth week a* a » nengulur 
thickening of the floor of the telencephalon between the optic recess and the inter- 

Fig. 142. — The brain of a human embryo, about three months ok!. Medial 
aspect of right half. (From a model by His.) 



ventricular foramen, and continuous behind with the thalamic part of the dien* 
cephalon. It increases in size, and by the second month forms a swelling in the 
floor of the future lateral ventricle ; this swelling reaches as far as the posterior 
end of the primitive hemisphere, and when this part of the hemisphere grows 
backwards and downwards to form the temporal lobe, the posterior part of the 
corpus striatum is carried into the roof of the inferior horn of the ventricle, where 
it is seen as the tail of the caudate nucleus in the adult brain. During the fourth 
and fifth months the corpus striatum becomes incompletely subdivided by the 
fibres of the internal capsule into two masses, an inner, the caudate nucleus, and 
an outer, the lentiform nucleus. In front, the corpus striatum is continuous with 
the anterior perforated substance ; laterally it is confluent for a time with that 
portion of the wall of the vesicle which is developed into the insula, but this con- 
tinuity is subsequently interrupted by the fibres of the external capsule. 

The neopallium (fig. 144) forms the remaining, and by far the greater part 
of the cerebral hemisphere. It consists, at an early stage, of a relatively large, 

more or less hemispherical cavity— the primitive lateral ventricle -enclosed by 

a thin wall from which the cortex of the hemisphere is developed. The cavity 
expands in all directions, but more especially upwards and backwards, so that by 
the third month the hemispheres cover the diencephalon, by the sixth they overlap 
the mid-brain, and by the eighth the hind-brain. 
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The lamina termmalis unites the two hemispheres but does not share in their 
expansion, and thus the hemispheres are separated by a cleft, the forerunner of 
the longitudinal fissure, and this cleft is occupied by a septum of mesodermal tissue 
which constitutes the primitive falx cerebri. Coincidently with the expansion of 
the vesicle, its cavity Is drawn out into three prolongations which represent the 
horns of the future lateral ventricle ; the hinder end of the vesicle is carried down- 
wards and forwards, and forms the inferior horn ; the posterior horn is produced 
somewhat later, in association with the backward growth of the occipital lobe of the 
hemisphere. The roof-plate of the primitive fore-brain remains thin and of an 
epithelial character; it is invsiginated into the lateral ventricle along the medial 
wall of the hemisphere. This invagination constitutes the chorioidal fissure, and 
extends from the interventricular foramen to the posterior end of the vesicle. 
Mesodermal tissue, continuous with that of the pia mater, and carrying blood-vessels 
with it, spreads between the two layers of the invaginated fold and forms the 


Fna 3453. -The brain of an embryo at the beginning of the fourth month. 

Inferior aspect. (Kolhnann.) 



rudiment of the tela ehorioideu ; the margins of the tela become highly vascular and 
form the chorion! plexuses which for some months almost completely fill the 
ventricular cavities ; the tela at the same time invaginates the epithelial roof of 
the dieneephalon, and there forms the ehorioid plexuses of the third ventricle. By 
the downward and forward growth of the posterior end of the vesicle to form the 
temporal lobe t he chorioidal fissure finally reaches from the interventricular foramen 
to the extremity of the inferior horn of the ventricle. 

Parallel wifi? but above and in front of the chorioidal fissure the medial wall of 
the cerebral vesicle becomes folded and gives rise to a shallow fissure, the hippo- 
campal fissure , on the medial surface, and to a corresponding bulging, the hippo - 
campus , on the medial wall of the ventricular cavity.* The grey or ganglipnic 
covering of the wall of the vesicle ends at the inferior margin of the fissure in a 
thickened edge ; beneath this the marginal or reticular layer (future white sub- 
stance) is exposed, and its lower thinned edge is continuous with the epithelial 
invagination covering the ehorioid ■plexus (fig, 144). As a result of the later 
downward and forward growth of the temporal lobe the hippocampal fissure and 
the parts associated with it extend from the interventricular foramen to the end 
of the inferior horn of the ventricle. The thickened edge of grey substance 
becomes the gyrus dentatus, the fasciola cinerea and the supra- and sub-callosal 
gyri, while the free edge of the white substance forms the fimbria hippocampi and 
the body and crus of the fornix. The corpus callosum is developed within the 

* Consult m article m the development of the fissura hippocampi by Marion Hines, Journal 
Qf Comparative Nmirofogg* v °h No. I, February 1022. 

o.a. m 
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arch of the hippocampal fissure, and the upper part of the fissure forms, in the 
adult brain, the callosal fissure on the medial surface of the hemisphere. 


Fig. 144. — A coronal section through the brain to shov. ?hr rGatiuiis of the 
neopallium. Diagrammatic. (After His.) (Em tn Qmtin s Elements of 
Anatomy, voL i., Ernbry-jfgy.} 



Cs. Corpus striatum. Tie Thalamus, 

The commissures (fig. 145). — -The development of the posterior commissure 
has already been referred to (p. 94). The great commissures of the liemisfdteres, viz. 
the corpus callosum, the fornix, and the anterior commissure, arise from the lamina 


Fig. 145. — The brain of a human embryo, four months old. Media! aspect of 
left half. (Marelmmi.) 
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terminalis. About the fourth month a small thickening appears in this lamina, 
immediately in front of the interventricular foramen. The lower part of this 
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thickening is soon separated, and nerve-fibres appear in it to form the anterior 
commissure. The upper part continues to grow with the hemispheres, and is 
invaded by two sets of fibres. Transverse fibres, extending between the hemi- 
spheres, pass into its dorsal part, which is now differentiated as the corpus callosum. 
Into the ventral part longitudinal fibres from the hippocampus pass to the lamina 
termimilis, and through that structure to the corpora mamillaria ; these fibres 
constitute the fornix. The paraterminal bodies, or portions of the rhinencephalou 
immediately in front of the lamina torminalis, are stretched to form the subcallosal 
gyms and the lamina; of the septum pellucidum. 

The fissures or sulci, --Until the fifth month the surface of the cerebral hemi- 
sphere is almost smooth. Between the sixth and seventh months the cortex in- 
creases rapidly in volume and becomes folded, and the surface is thus raised into a 
number of elevations or convolutions, separated by fissures or sulci ; the chief of 
these arc well developed by the seventh month. ‘The lateral cerebral, or Sylvian, 
fissure, differs from the others in its mode of development. About the third month 
a depression, the Si/Han fossa, appears on the lateral surface of the hemisphere 
(fig. 146) : this fossa corresponds with the position of the corpus striatum, and its 


I’m. 1 -Hi. The right cerebral hemisphere of a human embryo, about five 
months old. Lateral aspect. 


Pa ri t tal op trail um 



floor is moulded to form the cortex of the insula. The intimate connexion which 
exists lad; ween the deep surface of the cortex of the insula and the corpus striatum 
prevents the insular part- of the hemisphere wall from expanding at the same rate 
as the portions which surround it, with the result that the latter grow over and cover 
the insula, and constitute the temporal, parietal, frontal, and orbital opercula of 
the adult drain. The frontal and orbital opercula are the last to form, hut by the 
end of the first year alter birth the insula is completely submerged by the approxi- 
mation of the opercula. The fissures separating the opposed margins of the opercula 
constitute the composite lateral cerebral fissure. 

If a section across the wall of the hemisphere about the sixth week be examined 
microscopically it is seen to consist of a thin marginal or reticular layer, a thick 
ependymal layer, and a thin intervening mantle layer. Neuroblasts from the 
ependymal and mantle layers migrate into the deep part of the marginal layer and 
form the cells of the cerebral cortex. By the sixth month the middle cell-lamina 
has attained onedmlf, and the inner cell-lamina three-fourths of their adult thick- 
ness ; the outer cell-lamina is the hist to develop and its thickness varies with the 
intellectual capacity of the individual The nerve-fibres which form the underlying 
white substance of’the hemispheres consist at first of outgrowths from the cells of 
the corpora striata and thalami : the fibres from the cells of the cortex are added 
later, Medullation of these fibres begins about the time of birth and continues 
until puberty. 
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A summary of the parts derived from the cerebral vesicles is given in the following 
table : — 


1. Myeiencephalon 


Rhombencephalon 
or hind-brain 


2. Meteneephakm 


3. Isthmus rhomb- 
encephali 


Mesencephalon or mid-brain . 


fl. Bienceplialmi 


Prosencephalon or 
fore-brain 


1,2. Telencephalon 


/Medulla oblongata. 

I Lower part of fourth ventricle. 

j Pons. 

j (ereliellum. 

| Intermediate part of fourth 
l ventricle. 

| Anterior medullary velum* 
Bradiia rmijum-f iva mvbellL 
I Upper part of fourth ventricle, 
j Cerebral peduncles. 

• Lamina tpiadrbjvminjt. 

I Cerebral aqueduct. 

'Thalamus. 

Metathalamus. 

Kpitliubi min. 

’ Pars mamillaris hyj'»'*Tlial:imi. 
Posterior part of third 
ventricle. 

Anterior part of third 
ventricle. 

Pars optica hypothalami. 
Cerebral hemi-plo-p"-'. 

Lateral ventricles. 
Interventricular foramen. 


The cerebral nerves. — With the exception of the olfactory, optic, ami acoustic 
nerves, which will be specially considered, the. cerebral nerves arc developed in a 
similar manner to the spinal nerves {p, 88). The sensory or afferent fibres of the 
trigeminal, facial, glossopharyngeal and vagus nerves arc partly derived from the 
cells of the ganglion-rudiments of the neural crest and partly from the cells of 
certain thickened patches of the ectoderm (phmtdes)* which are developed at the 
upper ends of the branchial grooves. The central processes of these* cells form the 
roots of the nerves, the peripheral processes their fibres of distribution {fig. 133). 
It has been seen, in considering the development of the medulla oblomjafa, (j*. 81), 
that the tr actus solitariiis (fig. 148), derived from the ingrowing fibres from the 
cells of the ganglion-rudiments of the glossopharyngeal and vagus nerves, is 
the homologue of the oval bundle in the medulla spinalis which has its origin in the 
posterior nerve-roots. The motor nerves arise from the neuro blasts situated in the 
basal lamina of the mid- and hind-brain. While, however, the spinal motor nerve- 
roots arise in one series from the basal lamina, the cerebral motor nerves are 
grouped into two sets, according as they spring from the medial or lateral parts 
of the basal lamina. To the former set belong the oculomotor, trochlear, abducent, 
and hypoglossal nerves *, to the latter, the accessory nerve, and the motor fibres 
of the trigeminal, facial, glossopharyngeal, and vagus nerves (figs. 147, 148), 

The sympathetic system.— The ganglion-cells of the *u»ipnthdi« mjMm % are 
derived from the segmented masses of the cells of the neural crests, which migrate 
along the sides of the neural tube to form the spinal ganglia ; certain cells detach 
themselves from the ventral margins of these masses ami move toward* the sides 
of the aorta, where some of them are grouped to form the ganglia of the sympa- 
thetic trunks, while other * undergo a further migration and form the ganglia of 
the prevertebral and visceral plexuses. The ciliary, sphenopalatine, otic, and sub- 
maxillary ganglia are probably formed by groups of cells which have migrated 
from that part of the neural crest which gives rise to the semilunar ganglion* 

The chromaffin organs,— The tissue from which the sympathetic ganglia are 
formed is at first a syncytium of cells termed KympathoTiromuffin cells, but later 
two varieties of cells, small and large, are differentiated from it ; the small cells 
(sympathoblasts) are transformed into the sympathetic nerve-cells, the large 
become chromaffin cells, and, separating from the others, accumulate to form 
the chromaffin organs. In the gangliated trunk of the sympathetic the chromaffin 
bodies are situated in depressions in the ganglia. In connexion with certain, but 
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not all, of the secondary plexuses of the sympathetic system chromaffin organs 
are found ; the largest members of this series are the aortic bodies, which lie along 
the sides of the abdominal aorta between the superior mesenteric and common 
iliac arteries ; to this group 
belong also the carotid glomera 
(carotid bodies). After birth the 
chromaffin organs degenerate and 
can no longer be isolated by gross 
dissection, but chromaffin tissue 
can be recognised with the 
microscope in the sites originally 
occupied by them. 

The suprarenal glands. — Each 
suprarenal gland consists of a 
cortical portion derived from 
the coelomic epithelium and a 
medullary portion originally com- 
posed of sy m } t h oc h rom a ffi n 
tissue. The cortical portion is 
first recognisable about the be- 
ginning of the fourth week as a 
series of buds from the coelom ic 
cells at the root of the mesen- 
tery. Later it is completely 
separated from the cudomic epi- 
thelium and forms a suprarenal 
ridge projecting into the coelom 
between the mesonephros and the root of the mesentery. Into this cortical portion 
cells from the neighbouring masses of sympathochromaffin tissue migrate along the 
line of its central vein to form the medullary portion of the gland. 

The nose. -The development of the nose has already been considered (pp. 78 
to 81). 

The olfactory nerves are developed from the cells of that part of the ectoderm 
which lines the olfactory pits ; these cells undergo proliferation and give rise to 
what are termed the olfactory cells of the nose. The axons of these cells grow into 
the overlying olfactory bulb and form the olfactory nerves.. 


Fig. 147. — A transverse section through the 
medulla oblongata of a human embryo, x 32. 
(From Ivollmann’s Entwiekelimgsgeschichte.) 



Fio. 148. * A transverse section through the medulla oblongata of a human embryo. 

(After His.) ' \ M»SS!*V 



The eyes. —The rudiments of the eyes appear as a pair of hollow diverticula from 
the lateral aspects of the fore-brain. These diverticula are visible before the 
closure of the anterior neuropore ; after its closure they are known as the ojpUc 
vesicles. They project towards the sides of the head, and the distal part of each 
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expands to form the optic bulb , while the proximal part remains narrow ami con- 
stitutes the optic stalk (figs. 149, 150). A small area of ectoderm overlying the 
optic bulb becomes thickened, and ultimately separated as. the hus-rrsick, or 
rudiment of the crystalline lens. The outer wall of the optic bulb increases in 
thickness and undergoes invagination so that the bulb is converted into a cup, the 

Pig. 149. — A transverse section through the head ui a cluck, ah of ibrH. eight, 
hours old . (From B u val s A t la s <1 ‘ K ml >ry i »iog h • . * 



optic cup , consisting of two strata of cells (fig. 150). These two st rata are continuous 
with each other at the cup-margin, which ultimately overlaps the front of the lens 
and reaches as far forward as the future aperture of the pupil. The invagination 
is not limited to the outer wall of the bulb, but involves also its posiomdnfenor 
surface and extends in the form of a groove for some distance along the optic stalk, 
and thus, for a time, a gap or fissure, the ehormdal fissure, exists in the lower part 
of the cup (fig. 151), Through the groove and fissure the mesoderm extends into 
the optic stalk and cup, and in this mesoderm an artery is developed ; during the 

seventh week the groove and 
fissure close, and the artery forms 
the central artery of the. retina. 
Sometimes tin* ehortoidal fissure 
persists, and when this occurs 
the ehorioid ami iris in the 
region of the fissure remain 
undeveloped, giving rise to the 
condition known as romjeuiiUd 
colohomi of the ehorioid or iris. 

The retina is dt*\«*b«pcd from 
t he optic cup. The out er strut um 
of the cup persists as a single 
layer of cells which assume 
a columnar shape, acquire pig- 
ment, and form the pigmented 
layer of the retina, the pigment; 
first appearing in the cells near 
the edge of the cup. The cells 
of the inner stratum proliferate 
and form a layer of considerable 
thickness from which the nervous elements and the anstentaeular fibres of the 
retina, together with a portion of the vitreous body, are developed. In the portion 
of the cup which .overlaps the lens the inner stratum is not differentiated into 
nervous elements, but persists as a layer of columnar cells which, together with 
the corresponding part of the pigmented layer, form the pars ciliaris and pars 
mdica retmee. 

The cells of the inner or retinal layer of the optic cup differentiate into spongioblasts 
and. germinal cells, and the latter by their subdivisions give rise to neuroblasts. From 


Fig. I f>0. — A transverse section through the head 
of a chick embryo, about fifty -two hours old. 
(From Duval’s Atlas d’Embryologie.) 
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the spongioblasts the susti-njacular fibres of SIttller, the outer and inner limiting mem- 
branes, mid the ground-work <A the molecular layers of the retina, are formed. The 
neuroblasts become arranged to form the ganglionic and nuclear layers. The layer 


Fig. 151. The optic- cup and the chorioidal fissure of a human embrvo, about 
four weeks old. \entml aspect. (Kollmann.) 
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o:i rods and cones is ih>t «!*.* v* *iri<|Ho,i in the central part of the optic cup, and from there 
gradually extends tow unis the cup margin. All the layers of the retina are completed 
by the eighth month of fetal life. 


Fun 1n2, A '"ft'tir.n through t he eye of a rabbit embrvo, about eighteen days 
old. x ISO. f Kolliker.) " 



The optic stalk is converted into the optic nerve by the obliteration of its cavity 
and the growth of nerve-fibres into it. Most of these fibres are centripetal, and 
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are the axons of the nerve-cells of the ganglionic layer of the retina, but a few ate 
centrifugal and are derived from nerve-celts in the brain. Tin* fibres of tin*, optic 
nerve receive their medullary sheaths about the tenth week after birth. The optic 
chiasm, a is formed by the meeting and partial decussation of the fibres of the two 
optic nerves. Behind the chiasma the fibres are continued backwards as tier* optic 
tracts to the thalami and mesencephalon. 

The crystalline lens is developed from the hms-vesirle. which recedes within 
the margin of the cup, and becomes separated from the overlying eetnderjii by 
mesoderm. The cells forming the posterior wall of the vesicle lengthen and are 


Fig. 153. — A sagittal section through the eye of a human embryo, about hx 
weeks old, i Kallmann.) 
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The vitreous body is developed between the lens and the optic cup. The lens- 
rudiment and the optic vesicle are at first in contact with each other, but after the 
closure of the lens-vesicle and the formation of the optic cup the former is withdrawn 
from the retinal layer of the cup ; the two, however, remain connected by a network 
of delicate protoplasmic processes. This network, derived partly from the cells 
of the lens and partly from those of the retinal layer of the cup, constitutes the 
primitive vitreous body (figs. 153, 154). At first these protoplasmic processes spring 
from the whole of the retinal layer of the cup, but later are limited to the ciliary 
region, where by a process of condensation they appear to form the zonula ciliaris. 
The mesoderm which enters the cup through the chorioidal fissure and around 
the equator of the lens becomes intimately united with this reticular tissue, and 
contributes to form the vitreous body, which is therefore derived partly from the 
ectoderm and partly from the mesoderm* 

Fig. 154. — A section through the developing eye of a trout. (Szily.) 


Lens Blood-vessel 



The aqueous chamber of the eye appears as a cleft in that part of the mesoderm 
which intervenes between the lens and the ectoderm, The layer of mesoderm in 
front of the ( left forms the substantia propria of the cornea, that behind the cleft 
the stroma of the iris and the pupillary membrane. The fibres of the Ciliaris muscle 
are derived from the mesoderm, but those of the Sphincter and Dilatator pupillse 
are of ectodermal origin, being developed from the cells of the pupillary part of the 

° l>t Th ( e»!flcni and ehurioid are derived from the mesoderm surrounding the optic cup. 

The eyelids are formed as small cutaneous folds (fig. 152). About the middle 
of the third month their edges come together and unite in front of the cornea ; they 
remain united until about the end of the sixth month. 

The epithelium of the alveoli and ducts of the lacrimal gland arise as a series 
of tubular buds from the ectoderm of the superior conjunctival fornix ; these buds 
are arranged in two groups, one forming the superior or orbital, and the other the 
inferior or palpebral, part of the gland. The lacrimal sac and nasolacrimal duct 
result from a thickening of the ectoderm in the nano- optic furrow between the lateral 
nasal and maxillary processes (p. 79). This thickening forms a solid cord of cells 
which sinks into the mesoderm ; during the third month the central cells oy the 
cord break down, and a lumen, the na so-lacri nml duct, is established. ^ lhe lacrimal 
ducts or canaliculi arise as buds from the upper part of the cord of cells and 
secondarily establish openings (puxrcta laorimalia) on the margins of the lids , the 

G.A. V 2 
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inferior duct cuts off a small part of the lower eyelid iu kmn ? he eunmut la iucrimaiia 
(AsL). The epithelium of the cornea and conjii ncfd vu is *4 ■ t'-o* | f*ru i*i I origin «,« 
are also the eyelashes and the lining cells of tic- tarsal and c ft her Mauds wlii* L 0 rim, 
on the margins of the eyelids. * 1 

The ears, — The rudiments of the internal ears appear shortly after those of the 
eyes, as two patches of thickened, surface ectoderm, the auditory pkte i$, aver the 
region of the hind-brain. Each auditory plate is iavacinatw! and converted into 
the auditory pit (fig. 155). The mouth of the pit is then closed, and a 'viMrL 
the auditory vesicle or otocyst, is formed (fig. 156) : from it the epithelial lining 


Em. 155. — A section through the 
hind-brain and auditory pits of a 
human embryo, about twel ve days 
old, (Kollmann.) 


Cavity of hind-brain 



Img.. 1 56.— A s/'idLn through the 

hind. brain and auditory vbsid>;o 
oi :a\ na bryo more advanced 
than that of fb, 155, y\fm r 
H'is.i 

CVjf tij nf h t h rain 



Fig. 157.-— -The left audi- 
tory vesicle of a human 
embryo, about four 
weeks old. Lateral 
aspect, (W. His, jun.) 



h Hi. .158," The left auditory wsiYL ut n 

human embryo, about turn we*doi old, 

Lateral rwp.'H, GV, His, jmu 



the superior duct is the first and the swiiidrcular duo 

The central part of the Sle rJtent tL t ?’ t0 b * (%• 1C 

divided by a constriction into a smaller VfiSt ‘k uIe > a “d is m 

d 7m \ nd P osteri <* Part, the utricle I S P 7r ’ tb f , 8ftcmil<v and a far- 

a fold which extends deeplv into ft*. mA/ i J ' V ,IS su kdm«ion is effected 
aeeply into the proximal part of the ductus endolymphatic, 
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Fig. 159. — The left membranous laby- 
rinth of a human embryo, 30 mm. 
long. (From a model by W. His, 
jun.) 



with the result that the utricle and saccule ultimately communicate with each 
other by means of a Y-shaped canal. The saccule opens into the cochlear duct, 
through the canalis reunions ; the semicircular ducts communicate with the utricle. 

The mesoderm surrounding the various parts of the epithelial labyrinth is 
converted into a cartilaginous ear-capsule, and this is finally ossified to form the 
bony labyrinth. The portion of the 
capsule which envelopes the semi- 
circular canals chondrifies before 
that which surrounds the cochlea. 

For a time the cartilaginous capsule 
is incomplete, and the cochlear, 
vestibular, and genicular ganglia are 
situated in the gap between its 
canalicular and cochlear parts. 

These ganglia are soon covered by 
an outgrowth of cartilage and at 
the same time the facial nerve is 
bridged by a growth of cartilage 
from the cochlear to the canalicular 
parts of the capsule. In the em- 
bryonic connective tissue between 
the cartilaginous capsule and the 
epithelial wall of the labyrinth the 
perilymphatic spaces are developed. 

Streeter * states that the rudiment 
of the vestibular perilymphatic 
space, or periotic cistern as he 
suggests this space should be named, 
can be seen in an embryo of from 
30 to 4.0 mm. in length, in the reticulum between the saccule and the fenestra 
vestibuli. The scala tympani is next developed, and begins opposite the fenestra 
cochlea* ; the scala vestibuli is the last to appear. The two scahn gradually 
extend along either side of the ductus cochlearis and when they reach its tip, 

an opening which represents the helico- 
trema, is developed between them. The 
modiolus and the osseous spiral lamina 
of the cochlea are not preformed in 
cartilage but are ossified directly from 
connective tissue. 

The auditory tube and tympanic 
cavity were formerly regarded as being 
derived from the first pharyngeal pouch, 
but Frazer f has recently pointed out 
that they are developed from a recess, 
the luhotympanic recess, between the first 
and third visceral arches, the floor of the 
recess consisting of the first and second 
arches and the first and second pharyn- 
geal pouches. By the forward growth 
of the third arch the inner part of the 
recess is narrowed to form the tubal 
region, and the inner part of the second 
arch is excluded from this portion of 
the floor. The outer part of the recess 
is subsequently developed into the tym- 
panic cavity, and the floor of this part 
forms the outer wail of the tympanic 
cavity up to about the level of the chorda 
tympani nerve. From this it will be seen that the outer wall of the tympanic 
cavity 6 has both first and second arch elements in it, the share taken by the 
first arch being limited to the part in front of the handle of the malleus. The 

♦ George L. Streeter, American Journal of Anatomy , vol. xxi. 
f J. Ernest Frazer, Journal of Anatomy and Physiology , vol. xlviii. 


Fin. 160. — The tubercles from which 
the different parts of the auricula 
are developed. (His.) 



, 2. Tubercles on mandibular arch, 3. Tubercle 
above groove, S, c. Prolongation of 3 downwards. 
4, 5, 6, Tubercles on hyoid arch. o.r. Auditory 
veelcie. 
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and ventraliy ; the dorsal extensions surround the neural tube and represent the 
future vertebral arch, while the ventral extend into the body-wall as the costal 
processes. The hinder part of the posterior mass joins the anterior mass of the 
succeeding sclerotome to form the vertebral body. Each vertebral body is therefore 


Fig. 104. — A scheme showing the manner in which each vertebral body is 
developed from portions of two adjacent segments, 
j Myotome Intervertebral 

Anterior portion of sclerotome fibre cartilage 
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a composite of two segments, being formed from the posterior portion of one and 
the anterior part of that immediately behind it. The vertebral and costal arches 
are derivatives of the posterior part of the segment in front of the mtcrsegmental 
septum with which they are associated. 

This stage is succeeded by that of the rartilaglnom vertebral column . In the 
fourth week cartilaginous centres make their appearance on either side of the 
notochord ; these extend round the notochord and form the bodies of the cartila- 
ginous vertebra?. A pair of cartilaginous foci appear in the lateral parts of each 
vertebral arch, and grow backwards on either side of the neural tube to form the 
cartilaginous vertebral arch, and a separate cartilaginous centre appears for each 
costal process. In the eighth week the cartilaginous vertebral arch fuses with the 


Fiu, 1 05. — Diagrams showing (A) the membranous and (B) the cartilaginous 
stages of a typical vertebra. 



cartilaginous body, and in the fourth month the halves of the arch unite on the 
dorsal aspect of the neural tube (fig. 105, B) ; the spinous process is developed 
from the junction of the halves of the vertebral arch. The transverse processes 
grow out from the vertebral arch behind the costal processes. 

In the upper cervical vertebra) a band of mesodermal tissue, named the hypo- 
chordal bar (fig, 106, A), connects the' ventral ends of each vertebral arch across the 
ventral surface of the intervertebral fibrocartilage. In all except the atlas or first 
cervical vertebra this bar is transitory and fuses with the intervertebral fibro- 
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of the auditory vesicle. The acoustic ganglion divides into the vestibular ganglion 
and the spiral ganglion of the cochlea ; their nerve-cells are bipolar, each sending 
a proximal fibre into the neural tube, and a distal fibre to the epithelial cells of 
the auditory vesicle. 


THE DEVELOPMENT OF THE VASCULAR SYSTEM 


The blood-corpuscles and the blood-vessels first make their appearance between 
the entoderm and the mesoderm in three regions, viz. : (a) on the surface of the 
yolk-sac, (b) in the body-stalk, and (c) in the chorion* The cells become arranged 
into solid strands or cords, which 

Fig. 163. — A section through the vascular area 
to show the differentiation of the primitive 
vascular cells. Diagrammatic. 


Mesoderm 



collectively form what His termed 
the angioblast. These strands join 
to form a close-meshed network, 
the area vasculosa, which covers the 
entire yolk-sac. The peripheral 
cells of the strands become flat- 
tened and joined to each other 
by their edges to form the endo- 
thelium of the walls of the primi- 
tive blood-vessels. Fluid collects 
within the strands and converts 
them into tubes, and the more 

centrally situated cells of the strands are thus pushed to the sides of the vessels 
and appear as masses of loosely-arranged cells projecting towards the lumen of 
the tube. These masses are termed blood-islands (tigs. 163, 164.) ; their cells are 
detached to form the primary blood-corpuscles (mesamoeboids of Minot). The 
earliest blood-vessels, therefore, are formed at several separate centres ; from 
the walls of these vessels buds grow out, become vascularised and converted into 
new vessels, and join with those of neighbouring areas to form a close meshwork. 
Wangf maintains that in the ferret embryo there is evidence to show that the 
origins of the blood-corpuscles and the endothelium of the blood-vessels are separate 

and distinct — the blood-corpuscles 

through a developing 
Diagrammatic. 


Fig. 


164. — A section 
blood-vessel. 


M csoderm 


Blood-island 



arising from the entoderm, and the 
vascular endothelium from the meso- 
derm ; the blood-corpuscles are 
engulfed by the endothelium of 
the growing vessels and in this 
way enter their lumina. His was 
of opinion that the vessels within 
the embryo were developed as 
extensions of this network, but 
probably they arise independently. 
Most observers agree that, after 
the aortse have appeared, no other 
independent vessels are laid down, i.e. all new vessels are derived from pre- 
existing ones. 

Tlxe red and the colourless corpuscles of the blood are derived from the mesamce - 
holds. The earliest blood-corpuscles are thus all nucleated ; they are also capable 
of subdivision ami of executing amoeboid movements. Some mesamoeboids acquire 
colouring matter (hemoglobin) ; their nuclei disintegrate and are extruded, and 
the non-nucleated red corpuscles or erythrocytes result. Other mesamceboids 
retain their nuclei ; some remain in the blood as the leucocytes ; others wander 
out into the tissues, particularly into the liver, the lymphoid tissues, and the 
marrow of the bones, where they form specialised collections from which the 
corpuscles of the blood are regenerated. From the mesamceboids five chief forms 

* Consult an article “ On the earliest blood -vessels’ in Man ” by J. L. Bremer in the Anatomical 
Record , vol. viii. Feb. 1914. 

t Chung-Clung Wang, Journal of Anatomy , vol. Hi parts 1 and 2. 
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derived : (1) erythrocytes, (2) lymphocytes, (3) finely granular or neutrophil 
leucocytes, (4) coarsely granular or eosinophil leucocyte®, (•>) degenerating or 
f ' basiphd leucocytes (p, 28). 


Fio. 185.— A transverse section through the 
region of the heart of a rabbit embryo, nine 
days old. x80. (Kolliker.) 



ah. Outer wtOl ot bats*, ao. Aorta. ii Proamutoa. £ Septum 
between heart-tubes, ect. Ectoderm. Entoderm. \h. EndotheUal 
\ 4. Jug^arveins. ^uPericardluin. ph. Pharynx. 

Fig, 166. — A diagram of the vascular channels 
in a human embryo of the second week* 
(After Eteraod.) (From Quoin's Elements 
of Anatomy, voh i., Embryology.) 
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basiphit leucocytes (p, 28); 

Minot describes three 
stages in the development of 
the red blood-corpuscles 
(a) the ichthyoid b food-cells 
containing granular nuclei; 
and representing the perma- 
nent blood-cells of fishes; (b) 
the sauroid blmd-celht de- 
rived from but smaller than 
the former; they represent 
the permanent blood-cells of 
reptiles, and their nuclei 
contain a dense network of 
chromatin which stains very 
deeply; (<?) the blood -plaatide 
or early red biord-corpusdes 
which are at first- spherical 
in shape; they are non -nucle- 
ated and found only in 
mammals. 

The curliest stages of 
the development of the 
human heart and blood- 
vessels have nut; yet been 
seen, but it may he as- 
sumed that they arc simi- 
lar to those occurring in 
other mammals. As already 
stated (p. 109), blood- 
vessels are first developed 
in the wall of the yolk-sac, 
and in the body-stalk and 
chorion, and it is still a 
matter of doubt whether 
the blood-vessels within 
the embryo arise as exten- 
sions from those of the 
yolk-sac (His), or are de- 
veloped from vascular cells 
in situ, and subsequently 
establish connexions with 
those of extra-embryonic 
origin. 

The first rudiment of 
the heart appears in the 
form of a pair of tubular 
vessels (primitive aorta) 
which are developed from 
a mass of cells in the 
splanchnoplcure of the 
pericardial area (fig. 165). 
These tWo vessels run 
backwards/onconeithcr 
side of the notochord, and 
pass into the body-stalk 
along which they are 
earned s£ the umbilical 
arteries to the chorion. 
" : ^"VSy theforward growth 
riotpc^ 
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and each vessel now consists of a ventral and a dorsal part united by an arch. ; 
these three parts are named respectively the ventral aorta, the dorsal aorta, and 
the first aortic arch. The first aortic arches pass through the mandibular arches, 

Fig. 167. — A human embryo, about fourteen days old, with yolk-sac. (After His.) 



and behind them five additional pairs subsequently develop, so that altogether six 
pairs of aortic arches are formed. 

In the pericardial region the two primitive aortas, which from the first lie close 
together, come into contact and the partition between them disappears, and thus 
a single tubular heart is formed (fig. 168) ; from the cephalic end of the heart the 
ventral aortas arise and into its caudal end the umbilical and vitelline veins pour 
their contents. 

Fig. 168.-— The head of a chick embryo, about thirty-eight hours old. Ventral 
aspect, x 26 . (From Duval’s Atlas d’Embryologie.) 



Eternod * described the circulation in a human embryo which measured 1-3 mm. 
in length and was devoid of mesodermal somites (fig. 166). _ The rudiment of the 
heart was situated immediately below the fore-gut and consisted of a short stem. 

* Anal Anzeiger , Bd. xv. 1899. 
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It gave off two vessels, the primitive aortas, which ran backwards, one on either 
side of the rudiment of the notochord, and then passed into the body-stalk, along 
which they were carried to the villi of the chorion. From the chorionic villi the 
blood was returned by a pair of umbilical veins which united in the body-stalk to 
form a single vein (vena umbilicalis impar) ; on reaching the embryo this vein 


Fig. 169. — The heart of an early 
embryo, to illustrate its simple 
tubular condition. (From an 
Ecker-Ziegler model.) 



Fig. 170. — The heart of a human cm. 
bryo, about fourteen days old. 
(From a model b;v His.) 




divided into two which encircled the mouth of the yolk-sac and opened into t lie 
heart. At the junction of the yolk-sac and body-stalk each vein was joined by a 
transitory vitelline vein from the vascular plexus of the volk-sae. The transitory 
vitelline veins are replaced by the true vitelline veins which return the Wood from 
the yolk-sac, and enter the embryo through the anterior wall of the umbilical 
orifice (figs. 167, 168). They then traverse the septum transversum, a band of 
mesoderm which lies between the pericardium and the yolk-sac ; in this septum 
each vitelline vein unites with the corresponding umbilical vein to form the com mm* 

Fig. 171. — The heart of a human embryo, about fifteen days old. (From ti 
reconstruction by His.) 



vitello-urMical vein which opens into the caudal end (sinus venosus) of the tubular 
heark The vitello-umbilical veins are soon joined by a pair of anterior cardinal 
(primitive jugular) veins from the head, and a little later each anterior cardinal vein 
is joined by a posterior cardinal vein from the trunk and limbs, and the short trunk 
(duct of Cuvier) formed by the union of these two veins opens into the correspond! ntr 
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vitello -umbilical vein. ^ The sinus venosus expands in a transverse direction and 
incorporates the adjoining parts of the vitello-umbilical veins which come to form 
the right and left horns ot the sinus ; into the horns of the sinus the three venous 
trunks, viz. the vitelline vein, the umbilical vein and the duct of Cuvier, open. The 
liver is developed in the septum transversum, and in the course of its development 
the vitelline and umbilical veins undergo important transformations which will be 
explained later (p. 121). 

With the atrophy of the yolk-sac the vitelline circulation diminishes and ulti- 
mately ceases, and an increasing amount of blood is carried through the umbilical 
arteries to the villi of the chorion. SubspqiK-ntlr. as the non-placental chorionic 
villi atrophy, their vessels disappear: and limn tin: umbilical arteries convey the 
whole of the blood from the embryo to the placenta, whence it is returned to the 
embryo by the umbilical veins. 


Fig. 172. — The heart of a human embryo, about thirty-five days old. Dorsal 
aspect, (From a model by His.) 

Lift duet of Cuvier Opening into atrium Right duet of Cuvier 



The further development of the heart.- The simple tubular heart, already de- 
scribed (p. 1 i I ), elongates and bends m as to farm an S-shaped loop, the anterior part 
convex vent rally ami to the right, and the posterior, dorsally and to the left (fig. 170). 
The intermediate jmrtion arches, transversely from left to right, and then turns 
sharply forward into the anterior part of the loop. Slight constrictions make their 
appearance in the tube and divide it from behind forwards into five parts, viz. : 
(1) the sinus venosus ; (2) the atrium ; (3) the ventricle ; (4) the bulbus cordis , and 
(5) the tr uncus arimwm (fig. 170). The constriction between the atrium and 
ventricle constitutes the atrial canal (fig. 172), and indicates the site of the future 
atrioventricular valves. 

The sinus vmimim is situated in the septum transversum behind the atrium, 
and opens info the latter by a median aperture. The sinus is at first placed trans- 
versely but soon assumes an oblique position and a crescentic shape (fig, 172) ; 
its right half or horn increases in size more rapidly than its left, and the sinus opens 
into the right portion of the atrium. The right horn of the sinus is ultimately 
incorporated with and forms a part of the right atrium, the line of union between 
it .and the auricula being indicated in the interior of the adult atrium by a vertical 
crest, the crista termimlw of His. The left horn, which ultimately receives only 
% left duct of Cuvier, persists as the coronary sinus (fig, 172), The vitelline and 
umbilical veins are later replaced by a single vessel, the inferior vena cava, and the 
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three veins (inferior vena cava and right and left ducts of Cuvier) open into the 
dorsal part of the atrium by a common slit-like aperture (tig. 1.73), The upper part 
of this aperture represents the opening of the permanent superior vena cava, the 



Fig. 173 . — The heart of a human embryo, about thirty days old. The interior 
of the dorsal half. f From a model by 11 is.) 
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lower that of the inferior vena cava, and tin* intermediate part t he orifice of the 
coronary, sinus. The slit-like aperture lies obliquely, and in guarded by two valves, 
the right and left venous valves ; above the opening these unit** with each other and 
are continuous with a fold named the septum spu/inm : below the opening they fuse 
to form a triangular thickening— the spina vmtitmU, The right venous valve is 
retained ; its cephalic portion, together with the septum sfmrimm forms the crista 
terminalis already mentioned. A small septum, the sinus sepittm, grows from 

Fig. 174.— A heart showing the expansion of the atria. (From an 
Ecker-Ziegler model.) 



the posterior wall of the sinus venosus to fuse with the right venous valve and 
divide its caudal portion into two parts— an upper, the valve of the inferior vena 
cava, and a lower, the valve of the coronary sinus. The upper and middle thirds 
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of the left venous valve disappear ; the lower one-third is continued into the spina 
vestibuli, and later fuses with the septum secundum of the atria and takes part 
in the formation of the limbus fossae ovalis. 

The atrial canal is at first a short straight tube connecting the atrial with the 
ventricular portion of the heart, but its growth being relatively slow, it is gradually 
overlapped by the atria and ventricles so that its position on the surface of the 
heart is indicated only by an annular constriction (fig. 174). Its lumen is reduced 
to a transverse slit, and two thickenings, or endocardial cushions (fig. 173), appear, 
one on its dorsal, and the other on its ventral wall. These endocardial cushions 
project into the atrial canal, and, meeting in the middle line, unite to form the 
septum intermedium , which divides the canal into two channels, the future right 
and left atriovent ricular orifices. ' e 


Fig. 175. — The heart of a human embryo, about thirty-five days old. The 
interior of the dorsal half. (From a model by His.) 
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The atrium grows rapidly, and by its lateral expansion partially encircles the 
bulbus cordis. The latter thus comes to lie in a groove which is the first indication 
of the ultimate division of the atrium into right and left chambers, the division 
being effected by a septum, the septum primum {figs. 173, 175), which grows from 
the dorsal to the ventral wall of the cavity. For a time the atria communicate 
with each other by an opening, the ostium primum of Born, in front of the free 
margin of the septum primum. This opening is closed by the union of the septum 
primum with the septum intermedium, but before this closure occurs a new opening 
is developed in the dorsal part of the septum primum ; this new opening is known 
as the foramen ovale (ostium secundum of Born) and persists until birth. A 
crescentic septum, the septum secundum { fig. 178), grows from the upper and dorsal 
wall of the atrium immediately to the right of the septum primum and foramen 
ovale. The horns of this crescentic septum fuse with the ventral part of the septum 
primum, and the intervening free part of the septum secundum overlaps the foramen 
ovale and septum primum ; the dorsal part of the latter septum acts as a flap-like 
valve which allows the blood to flow from the. right, into the left atrium, but not 
in an opposite direction. After birth, the free edge of the septum secundum blends 
with the septum primum and the foramen ovale is closed ; sometimes the fusion 
is incomplete and the upper part of the foramen remains patent. 
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Issuing from either lung is a pair of pulmonary veins which unite to form a 
single vein, and these in turn join with one another to form u common trunk which 
opens into the left atrium. Subsequently the common trunk ami the two veins 


Fig. 176.-— The heart of a human embryo, about ihirty.mv days old. Opened 
on right side. (From a model by His.) 



forming it expand and form the vestibule or greater part of the left atrium, the 
expansion reaching as far as the orifices of tin* four veins which thus open m <ara h-N 
into the adult left atrium. 

The ventricle is divided by a septum, the upturn hift-riox or e, moVe/ur Mphtm 
(figs. 173, 175, 176), which grows upwards from the lower part of the ventricle, its 
position on the surface of the heart being indicated later by the. interventricular 


Fig. 177. — Diagrams to illustrate the transformation of the bnllnis cordis. (Keith.) 



t* 8 dowal part increases more rapidly than its ventral portion, and fuss 
with the dorsal endocardial cushion. Above its ventral portion there exists for ; 
time an interventricular foramen (fig. 176). 
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When the heart assumes its S-shaped form the bulbus cordis lies in front of 
and ventral to the ventricle. The adjacent walls of the bulbus cordis and ventricle 
approximate and fuse, and the fused portion projects as a ridge, the bulboventricular 
ridge , between the bulbus cordis and the ventricle ; the narrow passage which 


Fig. 178.* — A diagram showing the relations at an early stage between the atrio- 
ventricular c.ja. iiiisg and ventricles, the cavity of the bulbus cordis, and the 
imlbm\vntrivMil;ir ridge. The endocardial cushions at the distal end of the 
bulb arc slmwn in a more differentiated state than they really exhibit at this 
stage. (J. Ernest Frazer.) 
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connects these cavities is placed at the right of the atrioventricular orifice (fig. 178). 
The bulboventricular ridge soon disappears, and the opening from the ventricle into 
the bulbus cordis is widened, and lies over the right half of the atrioventricular 
opening (fig. 179), By the upgrowth of the ventricular septum the bulbus cordis 
is in great measure separated from the left ventricle, but remains an integral part 
of the right ventricle, of which it forms the infundibulum (fig. 177). 

The truncuB arteriosus and bulbus cordis are divided by a septum which makes 
its appearance in three portions. (1) Two ridge-like thickenings project into the 
lumen of the distal part of the truncus arteriosus ; these increase in size and ulti- 
mately meet and fuse to form the aortopulmonary septum (fig. 176), which takes a 


Fig, 179. — A diagram to show the intermediate stages of the aortic and 
pulmonary channels. (J. Ernest Frazer.) 
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spiral course towards the proximal end of the truncus arteriosus^ It divides the 
truncus arteriosus into the aorta and the pulmonary artery.. (2) Four endocardial 
cushions, anterior, posterior, right and left, appear at the distal end of the bulbus 
cordis (fig. 178). The right and left cushions meet and fuse to form the distal bulbar 
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septum which is joined by the anrmpuimmwiry septum. Ob I wo endocardial ridges, 
the right and left, bulbar ridges, develop in i lie bul bus «*• •mi.- i L *_r. 1 7b) and mute to form 
the proximal bulbar septum which is continuous above with the distal bulbar 
septum. Its lower edge fuses with the ventricular septum and brings the right 
ventricle into communication with the pulmonary artery, and through the latter 
with the sixth pair of aortic arches; while the left, ventricle is. brought into con- 
tinuity with the aorta, which communicates with the n-manimj- aortic arches. 
The completed ventricular septum consists of a lower, muscular, and an upper, 
membranous, part ; the former is developed from the septum informs, the latter 
from the bulbar septum. 

Fig. 180.— A human embryo estimated to he twenty »,r twenty -one days old. 
Right lateral aspect. (After Hbvi 

Sr w id nor tie (trek ‘first north nr eh 



The valves of the heart— The atrioventricular valves are ib-wlnped in relation to 
the atrial canal. By the upward expansion of the bases of the ventricles the canal 
becomes invaginated into the ventricular cavities. The invagirmled margin forms 
the rudiments of the lateral cusps of the atrioventricular valves ; the medial or 
septal cusps of the valves are developed as downward prolongation# of the septum 
intermedium (fig. 181). The aortic and pulmonary semilunar valves are formed 
from the four endocardial cushions which appear at the distal end of the bn! bits 
cordis. When the aortopulmonary septum unites with the distal bulbar septum 
the lateral endocardial cushions are each divided into two, thus giving rise to six 
thickenings — the rudiments of the semilunar valves three at the aortic and three 
atthepulmonaryorifi.ee. 

Applied Anatomy. — In rare cases portions of the' various cardiac septa ■ may fail to 
■ develop, or some of the endocardial cushions may fuse in an abnormal iaaim#r giving rise 
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to various forms of congenital heart disease. Thus, the ventricular septum may fail almost 
entirely, and a heart with but one ventricle results ; more commonly the failure is only 
partial*, leaving a patent septum vcntriculorum. Various degrees of patency of the foramen 


Fig. 181. — Section of a foetal heart. (His.) 
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ovale have also been noted. Stenosis (narrowing) of the aortic and pulmonary orifices 
may possibly be related to defeet ive development of the bulbus cordis; sometimes there 
may be only two cusps in the aortic or pulmonary valves. Complete atresia (non-perfora- 
tion) of the pulmonary orifice is a very rare* anomaly. 


Fig. 1s2. -A scheme of the aortic arches and their transformations. 
(.Modified from Kollmann.) 

"External carotid 



The farther development of the arteries.— Recent_ observations show that none 
of the main vessels of the admit arise as single trunks in the embryo. At the site ox 
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size. 


After t lie seventh month of foetal life the cerebellum increases very rapidly 


m 


The mesencephalon or mid-brain (figs. 138 to 142) exists for a time as a thin- 
walled cavity of some size, and is separated by slight constrictions from the isthmus 
rhombencephali and the fore-brain. Its cavity becomes relatively reduced in 
diameter, and forms the cerebral aqueduct of the adult brain. The basal laminm 
of the mid-brain increase in thickness to form the cerebral peduncles, which are 
at first of small size, but rapidly enlarge after the fourth month. Many of the 
neuroblasts of these I ami rue are 


Fig. 139. — The brain of a human embryo, 


about four and a half weeks old. 
model by His.) 
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grouped in relation to the sides and 
floor of the cerebral aqueduct, and 
constitute t he nuclei of the oculo- 
motor and trochlear nerves, and of 
the mesencephalic root of the tri- 
geminal nerve : others are aggre- 
gated to form the red nuclei. By a 
similar thickening process the alar 
lamina:* are developed into the 
quad rigeminal la mi na, The d orsal 
part of the wall expands, and for 
a time presents an internal median 
furrow and a corresponding external 
ridge; these, however, disappear, 
and the latter is replaced by a 
groove. Subsequently two oblique 
furrows extend medialwards and 
backwards, and the thickened 
lamina is thus subdivided into the 
superior and inferior colliculi. 

The prosencephalon or fore- 
brain. A transverse section t h rough 
the early fore-brain shows the 
same parts as are displayed in 
similar sections of the medulla 
spinalis and medulla oblongata, 
viz . a pair of thick lateral walls 
connected by thin floor™ and roof- 
plates. Moreover, each lateral wall 
is divided into a dorsal or alar and 
a' ventral or basal lamina separated, 
internally by a furrow termed the 

sulcus of Matt ro. This sulcus ends anteriorly at the medial end of the optic stalk, 
and in the adult brain is retained as a slight groove extending backwards from the 
interventricular foramen to the cerebral aqueduct. 

At a very early period- in some animals before the closure of the cranial part of 

the neural tube two lateral diverticula, the optic vesicles, appear, one on either side 

of the fore-brain ; for a time they communicate with the cavity of the fore-brain by 
relatively wide openings. The distal parts of the vesicles expand, while the proximal 
parts are reduced to tubular stalks, the optic stalks ; their further development 
is given on pp. 101 to 104. The fore-brain then grows forwards, and from the alar 
lamina* of this front portion the cerebral hemispheres originate as diverticula which 
rapidly expand to form two large pouches, one on either side. The cavities of 
these diverticula are the rudiments of the lateral ventricles; they communicate 
with the median part of the fore-brain cavity by relatively wide openings which 
ultimately form the interventricular foramen (foramen of Monro). The median 
portion of the wall of the fore-brain vesicle consists of a thin lamina, the lamina 
tmiumUs (figs, 142, 145), which stretches from the interventricular foramen to 
the recess at the base of the optic stalk. The anterior part of the fore-brain, includ- 
ing the rudiments of the cerebral hemispheres, is named the telencephalon , and the 
posterior portion the dmwephabn; both contribute to ‘the formation of the third 
ventricle. 

* Halbert I* Bunn, Proceedings of the American Association of Anatomists, Anatomical Record , 
voL 21, Ho. 1, p. 55. 
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right common and external carotid arteries. The left gives rise to (a) the portion 
of the aortic arch between the origins of the innominate and left common carotid 
arteries ; (b) the left common and external carotid arteries. 

The aortic arches.' The first and second arches disappear, but the dorsal end 
of the second gives origin to the stapedial artery (fig. 183), a vessel which atrophies 
in man but persists in some mammals (e.g. the rat). 

The stapedial artery passes through the ring of the stapes and divides into supra- 
orbital, infra-orbital, and mandibular branches which follow the three divisions of the 
trigeminal nerve. The infra-orbital and mandibular branches arise from a common 
stem, the terminal part yd which anastomoses with the external carotid. On the 
obliteration of the .stapedial artery this anastomosis enlarges and forms the internal 
maxillary artery, and the branches of the stapedial artery are now branches of this vessel. 
The common stein of the infra-orbital and mandibular branches passes between the two 
roots of the aurif*ulot*‘rnpora! nerve and becomes the middle meningeal artery; the 
original supraorbital branch *4' the stapedial artery is represented by the orbital twigs of 
the middle meningeal artery. 

The third aortic arch constitutes the commencement of the internal carotid 
artery, and is therefore named, the carotid arch . The fourth right arch forms the 
right subclavian as far as the origin of its internal mammary branch, while the fourth 
left arch constitutes the arch of the aorta between the origin of the left common 
carotid artery and the termination of the ductus arteriosus. The fifth arch dis- 
appears on both sides. The sixth right arch disappears ; the sixth left arch gives 
off the pulmonary arteries and forms the ductus arteriosus ; this duct remains 
pervious during foetal life, but is obliterated a few days after birth and forms the 
ligamentum artmosum of the adult. His showed that in the early embryo the 
sixth arch on either side gives a branch to the corresponding lung, but later both 
pulmonary arteries take origin from the left arch. 

The dorsal a or tie. in front: of the third, aortic arches the dorsal aortse persist 
and form t he continuations of t he internal carotid arteries ; these arteries pass to the 
brain, and each divides into an anterior and a posterior branch, the former giving off 
the ophthalmic artery and the anterior and middle cerebral arteries, while the latter 
turns back and joins the cerebral part of the vertebral artery. Behind the third 
arch the right dorsal aorta disappears as far as the point where the two dorsal aortse 
fuse to form t he descending aorta. The part of the left dorsal aorta between the third 
and fourth arches disappears, while the remainder persists to form the descending 
part of the arch of the aorta. A constriction, the aortic isthmus , is sometimes 
seen in the aorta between the origin of the left subclavian artery and the attachment 
of the ductus arteriosus. 

Sometimes the right subclavian artery arises from the aortic arch distal to the 
origin of the left subclavian and passes upwards and to the right behind the trachea 
and oesophagus. This condition may be explained by the persistence of the right 
dorsal aorta and the obliteration of the fourth right arch. 

In birds tin* fourth right arch forms the arch of the aorta; in reptiles the 
fourth arch persists on both sides and gives rise to the double aortic arch in these 
animals. 

The heart originally lies on the ventral aspect of the pharynx, immediately 
caudal to t he stomodamiu (fig. 1 80) ; with the elongation of the neck and the develop- 
ment of the lungs it recedes within the thorax, and, as a consequence, the anterior 
ventral aorta* are drawn out and the original position of the fourth and fifth arches 
is greatly modified. Thus, on the right side the fourth arch recedes to the root of 
the neck, while on t he left side it is withdrawn within the thorax. The recurrent 
nerves originally pass to the larynx under the sixth pair of arches, and are therefore 
pulled backwards with the descent of these structures, so that in the adult the left 
nerve hooks round t he ligamentum arteriosum : owing to the disappearance of the 
fifth and the sixth right arches the right nerve hooks round that immediately above 
them, Le. the* commencement of the subclavian artery. 

The primitive dorsal aorta give off ventral, dorsal, and lateral groups of 
segmental arteries. . . 

The ventral segmental arteries, the first to be developed, are • originally paired 
vessels, but, after tin* fusion of the* dorsal aorta;, appear as unpaired trunks ; they 
are distributed to flu* primitive digestive tube and to the wall of the yolk-sac. 
Throe of them persist and constitute the cceliac. superior mesenteric, and inferior 
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mesenteric arteries of the adult. As the viscera Mipplicd bv these three arteries 
descend into the abdomen, the vessels at the same tirm* wander in a caudal direction ; 
thus, the origin of the codiae artery is transferred from the level of the seventh 
cervical to that of the twelfth thoracic segment, the superior myenteric from 


Fig. 184. — A diagram to illustrate the general dr* volume nt of the arteries of the 
lower limb. " The letter P indicates the position of the Pop! items ; T that 
of the Tibialis posterior; and H that of the Flexor halluGs longus. 
(H. 1). Senior.) 



the second thoracic to the first lumbar segment, and the inferior mesenteric from 
the twelfth thoracic to the third lumbar segment. 

The dorsal segmental arteries are at first distributed to the neural tube, hut 
later give off parietal branches to the body-wall I these parietal branches persist in 
the thoracic and lumbar regions as the intercostal and lumbar arteries. From the 
seventh pair the entire left subclavian artery, the greater part of the right subclavian 
artery, and the proximal part of the vertebral artery are derived ; the main part 
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of the cervical portion of the vertebral artery is developed from a longitudinal 
anastomosis between the first seven dorsal segmental arteries. The second dorsal 
segmental arteries run alongside the hypoglossal nerves to the brain and are named 
the hypoglossal arteries. Each sends forwards a branch which forms the cerebral 
part of the vertebral artery and anastomoses with the posterior branch of the internal 
carotid artery ; the cerebral portions of the two vertebrals unite on the ventral 
surface of the pons to form the basilar artery. The hypoglossal arteries atrophy, 
arid then the cervical and cerebral parts of the vertebrals are connected by means 
of the first pair of segmental arteries. 

The lateral segmental arteries supply, on either side, the mesonephros or Wolffian 
body and give branches to the testis (or ovary) and the suprarenal giands. One 
testicular (or ovarian) artery and three suprarenal arteries persist on either side. 
The inferior phrenic artery arises as a branch from the first, and the renal artery 
as a branch from the third suprarenal artery. Additional renal arteries are fre- 
quently present and may be looked on as branches of persistent lateral segmental 
arteries. 

The arteries of the limbs. - -Several small arteries pass from the dorsal aorta into 
the upper Umb-tiud, and form in it a free capillary anastomosis. Only one of these 
arteries persists to form the arterial stern (subclavian artery) and the origin of this 
persistent vessel is transferred from the dorsal aorta to the seventh segmental 
artery. The subclavian artery is prolonged into the limb under the names of 
the axillary and brachial arteries, and these together constitute the arterial stem 
for the upper arm ; the continuation of this stem in the forearm is represented by 
■ the volar interosseous artery. A branch which accompanies the median nerve soon 
increases in size and forms the main vessel (median artery) of the forearm, while 
the volar interosseous diminishes. Later the radial and ulnar arteries are developed as 
branches of the brachial part of the stem and coincidently with their enlargement 
the median artery dwindles ; occasionally it persists as a vessel of some size and 
accompanies the median nerve into the palm of the hand. 

Senior has recently worked out the development of the arteries of the lower limb, 
and the following description is based on his observations * 

The primary art erial trunk (fig. 184) or ‘ axis ' artery of the lower limb arises from 
the dorsal root of t he umbilical artery, and courses along the dorsal surface of the 
thigh, knee and leg : below the knee it lies between the tibia, and the Popliteus 
muscle, and in the leg between the crural interosseous membrane and the Tibialis 
posterior muscle. It cuds dixtally in a rete plantare, and gives off a perforating 
artery (ramus perforuns tarsi) which traverses the sinus tarsi and forms a rete 
dorsale. The femoral artery passes along the ventral surface of the thigh, and opens 
up a new channel to the lower limb. It arises from a plexus of capillaries which is 
connected proximal I y with the femoral branches of the external iliac artery, and 
distally with the ramus comm unicans superior of the axis artery. At the proximal 
margin of the Popliteus the axis artery gives off two vessels, viz. : the posterior 
superficial tibia), and the posterior superficial peroneal arteries, and at the distal 
margin of the same muscle it supplies a perforating branch (ramus perforans cruris) 
to the front of t he leg. A middle and an inferior communicating artery pass from the 
superficial peroneal to the axis artery, the former at the distal border of the Popliteus, 

: and the latter at the distal border of the Tibialis posterior. 

The femoral artery gradually increases in size, and coincidently with this increase 
almost the Whole of the axis artery, proximal to the ramus eommunicans superior 
disappears ; the root of the axis artery, however, persists as the inferior gluteal 
artery. Two other segments of the distal part of the axis artery are maintained ; 
one, just beyond the riimus coinuninicans superior, which forms the proximal part 
of the popliteal artery, the other, near the ankle, which forms a part of the peroneal 
■■'.-.artery.- s,'..' 1 ■■■ -\.V 

The proximal portions of the posterior su|)erficial tibml and posterior superficial 
peroneal arteries fuse and form (a) the distal part of the popliteal artery j and {&) the 
first part of the posterior tibia! artery, le. as far as the point where it gives off the 
^etoneal artery. The posterior superficial tibial artery ends in the medial plantar 
ari&ry, and is largely retained to form the greater part of the posterior labial artery. 
- : suporfsciai • -;endei : :.i3| -./the' ; lateral plantar artery, but 

, ^ vessel is imhee^ tilnal arte^ 

D. SenM. of Anatomy, vol xxv. 1919, and Anatom ical Zecord, 

g^'kyfc-1920^-; : -" v ' • 
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part of the posterior superficial peroneal artery just distal to its fusion with the 
posterior superficial tibial forms the proximal part of the peroneal artery, the 
remainder of the latter vessel consisting of (n) the ramus eommunieans inferior, 
(b) a short persistent part of the axis artery, and {/') the distal portion of the posterior 
superficial peroneal artery and its lateral calcaneal branch. The anterior tibial 
artery is derived from (a) the ramus comnmnieans nmlius, {!>} a short section of the 
axis artery, (c) the ramus perforate cruris and its continuation to the ankle (arteria 
tibialis anterior pars distalis). The arteries which are distributed on the dorsum 
of the foot are derived from the rete dorsale, while the plantar arch and its digital 
branches originate from the rete plantare. 

The further development of the veins. The principal veins of t hi* embryo may he 
divided into two groups, visceral and parietal. 


Fig. 185. — The liver, and the veins in connexion therewith, of a human embryo, 
twenty-four or twenty-five days old. Ventral aspect, { After His.) 
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The visceral veins are the two vitelline veins bringing the blunt! from t he y< 4k sir. 
and the two umbilical veins returning the Mood from the phtrenia ; these four 
veins open close together into the sinus venosus. 

The vitelline veins run upwards at first in front, and subsequently on either 
side, of the digestive tube. They unite on the ventral surface of the tube, and 
beyond this are connected to one. another by two anastomotic branches, one on the 
dorsal and the other on the ventral aspect of the duodenal portion of the intestine, 
which is thus encircled by two venous rings forming tin* figure 8 (%. I #5) ; into 
the middle or dorsal anastomosis the superior mesenteric vein opens. Tim portions 
of the veins above the upper ring become connected with a plexus of small capillary - 
like vessels termed sinusoids which form in the developing liver. The ' vessels 
conveying the blood to this plexus are named the vmw ndwlwntns, and become the 
branches of the portal vein, ; ■ while the vessels draining the plexus into the sinus 
venosus are termed the mim rere]iadr..s, md form the future hepatic veins (figs. 18 f>, 
186). After a time the left vena revehens no longer com m u niea t es dircef.lv with 
the sinus venosus, but opens into the upper part of the right vena revehens (right 
hepatic vein). The persistent part of the upper venous ring, above tin* opening of 
the superior mesenteric vein, forms the trunk of the portal vein. 

The two umbilical veins fuse to form a single trunk, the emu it. ttf hi Hat J is iw'p&f 9 
in the umbilical cord ; this trunk divides within the embrvo into the right and left 
umbilical veins which pass forwards to the sinus venosus in the side walls of flic 
body. Like the vitelline veins, the direct connexion of the umbilical veins with 
the sinus venosus becomes interrupted by the developing liver, and.th& whole of The 
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blood from the yolk-sac and placenta passes through the substance of the liver before 
it reaches the heart. The right umbilical and right vitelline veins shrivel and 
disappear ; the left umbilical, on the other hand, enlarges and opens into the upper 
venous ring of the vitelline veins ^ with the atrophy of the yolk-sac the left vitelline 
vein shrivels and disappears. linally, a direct branch named the ductus venosus 
is established between the upper venous ring and the right hepatic vein ; the ductus 
venosus enlarges rapidly and forms a wide channel through which most of the 
blood, returned from the placenta, is carried direct to the heart without passing 
through the liver. A small part of the blood from the placenta is, however, conveyed 


Fig. 186. — A human embryo with the heart and anterior body wall removed to 
show the sinus venosus and its tributaries. (After His.) 
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from the left umbilical vein to the liver through the left vena advehens. The 
left umbilical vein and the ductus venosus are obliterated after birth, and form 
respectively the ligamentum teres and ligamentum ve nosum of the liver. 

The parietal reins.- A pair of short transverse veins, named the ducts of Cuvier, 
open, one on either side, into the sinus venosus. Each of these ducts receives an 
ascending and a descending vein. The ascending veins return the blood from the 
parietes of the trunk and from the Wolffian bodies, and are called posterior cardinal 
veins. The descending veins return the blood from the head, and are called the 
anterior cardinal (primitive jugular) veins (fig. 187). The Wood from the lower limbs 
is collected by the right and left iliac and hypogastric veins, which, in the earlier 
stages of development, open into the corresponding right and left posterior cardinal 
veins ; later, a transverse branch (the left common iliac vein) is developed between 
the lower parts of the posterior cardinal veins (fig. 189), and through this the blood 
is carried into the right posterior cardinal vein. ' The portion of the left posterior 
cardinal vein below the left renal vein atrophies and disappears up to the point 
of entrance of the left testicular vein ; the portion above the left renal vein, persists 
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as the hemiazygos and accessory hemiazygos veins and the lower portion of the 
left superior intercostal vein. The right posterior cardinal vein, which now receives 
the blood from both lower extremities, forms a large venous trunk along the posterior 
abdominal wall; up to the level of the renal veins it forms t lie lower part, of the 
inferior vena cava. Above the level of the renal veins the right posterior cardinal 
vein persists as the azygos vein and receives the right intercostal veins, while the 
hemiazygos and accessory hemiazygos veins are brought into communication 
with it by the development of transverse branches in front of the vertebral column 
(figs. 189, 190). 

The inferior vena men* The development of the inferior vena cava is associated 

with the formation of two veins, the sahamhi/td vents digs. 1 >7 , 1.88), ^ These run 
along the medial surfaces of the Wolffian bodies parallel to the posterior cardinal 
veins; they communicate with the posterior cardinal veins above and below, and 
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also by a series of transverse brandies. The two subeurdiuals are for a time con- 
nected with each other in front of the aorta by cross branches, but these disappear 
and are replaced by a single transverse channel, (intersubcurdinal anastomosis) at 
the level where the renal veins join the posterior cardinals, and at the same level 
a cross communication is established on either side between the posterior cardinal 
and subcardinal (fig. 188). The portion of the right snbeardimd behind this crons 
communication disappears, while that in front (i.e. the pre renal part) becomes 
connected by means of a channel with the proximal part of the right hepatic vein, 
and this channel rapidly enlarges and receives the blood from the post renal part of 
the right posterior cardinal through the cross communication referred to. In this 
manner a single trunk, the inferior -mm mm (fig, 190), i« formed, and consists of 
the proximal part of the right hepatic vein, tins new channel just described, the 
prerenal part of the right subeardinal vein, the post renal part of the right posterior 
cardinal vein, and the cross branch connecting it with the right subeardinal vein. 
The left subcardinal disappears, except 'the part immediately in front of the renal 
vein, which is retained as the left suprarenal vein. The testicular (or ovarian) vein 
opens into the postrenal part of the corresponding posterior cardinal vein. Thin 
portion of the right posterior cardinal, as already explained, forms the lower part 
of the inferior vena cava, so that the right testicular opens directly into that vessel. 
The postrenal segment of the left posterior cardinal disupjMuirs, with the exception 
of the portion between the testicular and renal veins, which is retained as the 
terminal part of the left testicular vein. 
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Huntington and McClure * contend (1) that the right posterior cardinal vein takes no 
share in the development of the post-renal segment of the inferior vena cava, and (2) that 
it forms only the cranial end of the azygos vein. 

They state that a snprarajthmtl mjafem of veins, consisting of a bilateral and originally 
symmetrical venous channel, is developed dorsoinedial to the posterior cardinal veins 
and dorsolateral to the aorta. Frequent anastomoses occur between the posterior cardinal 
and supra cardinal veins, but only a single anastomosis, at about the level of the inter- 
subcardinal anastomosis, is retained on each side of the body; this anastomosis permits 
blood, collected by the supracardinal veins in the lumbar region, to reach the heart by 
way of the prerenal division of the inferior vena cava. The formation of this anastomosis 
establishes the presence of a cireumaortic venous ring, named the renal collar. The 
supracardinal veins unite (<t \ caudallv with the posterior cardinal veins at the level where 


Fin. 189. — A diagram showing the development of the main cross branches 
between the cardinal veins. 
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the latter receive the internal iliac and hypogastric veins, and (b) cranially at the level 
of the renal collar, and thus there is established for a time a venous ring through which 
the ureter passrs. 

The supracardinal vein* soon separate into a cranial or azygos, and a caudal or lumbar, 
pair of veins, and the bilat cratly syiumet rieal plan of the latter is replaced by an asymmetri- 
cal one which is initiated by a reduction, followed by a complete atrophy, of the left half 
of the renal collar; the right half of this collar persists and elongates to form a part of 
the post renal segment of the inferior vena cava. The caudal half of the left supracardinal 
vein is drawn into and fuses with the vein of the right side, and from these fused veins the 
caudal part of the p«»st renal M-mm-nt of the inferior vena cava is formed. 

The history of ilw de\el«.pnii*nt of the azygos veins in the cat shows “ that they are 
derived chiefly from the >iiprat a ardinals, and that- in the adult eat only the proximal end 
of the right ‘azygos near ri»- dm-t «.f Cuvier is derived from the posterior cardinal 
vein,” 

In consequence of the atrophy of the Wolffian bodies the posterior cardinal veins 
diminish in size ; t he anterior cardinal veins, on the other hand, become enlarged, 
owing to the rapid development of the head and brain. They are further augmented 
by receiving the veins {snhehu'ian) from the upper extremities, and so come to form 
the chief veins of the duets of Cuvier ; these ducts gradually assume an almost 
vertical position in consequence of the descent of the heart into the thorax. The 
right and left ducts of Cuvier are originally of the same diameter, and are frequently 
termed the fit; hi and left a n/mrlor Wnw cava. By the development of a transverse 
branch (the lift hn*ownt<itv rein) between the two anterior cardinal veins, the blood 

*<!. 8. Huntington and U F. W. McClure, Anatomical JHecord, voh xx. December 1920. 
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is carried across from the left to the right anterior cardinal (tigs. lMt, 190). The 
portion of the right anterior cardinal vein between the left innominate and the 
azygos vein forms the upper part of the superior vena cava of the adult : the lower 
part of the latter vessel (he. below the entrance of the azygos vein) is formed by the 
right duet of Cuvier. Below the origin of the transverse branch the left: anterior 
cardinal vein and left duct of Cuvier atrophy, the former constituting the upper 
part of the left superior intercostal vein, while the latter is represented by the 
ligament of the left vena cava (vestigial fold of Marshall) and the oblique vein of 
the left atrium (oblique vein of Marshall) (fig. 1901. The oblique vein of the left 
atrium passes downwards across the back of the left atrium to open into 1 he coronary 
sinus, which, as already indicated, represents the persistent left horn of the sinus 
venosus. Right and left superior vena; cava- are present in some animals, and are 
occasionally found in the adult human being. 


Pig. 190. — A diagram showing the completion of t ho development of the* 

parietal veins. 


/,#: ft iitnff 



The venous sinuses of the dura mater . The following description is based on that 
given by Streeter.* 

The primary blood-vessels of the head consist of a clnst»-!m»slu»d capillary plexus 
which is drained by anastomosing loops into a pair of veins, named tin* primary head 
veins. Each primary head vein (fig. 191 /l) begins on tin* dicncephulon, and courses 
along the side of the brain running medial to the semilunar ganglion and lateral to the 
auditory vesicle ; on reaching the vagus nerve it turns sharply downwards and opens 
into the duct of Cuvier. The part of the vein which is caudal to the vagus nerve is 
the anterior cardinal vein, the cephalic portion of which forms the internal jugular 
vein. At a later stage the greater part of the original eupillurv plexus assumes the 
form of three secondary plexuses— anterior, middle and posterior (fig. 191 , If C ) ; 
the middle and posterior plexuses each open by a single vein into the primarv head 
vein. ^ Some tributaries from the ventral part of the head also enter this win ; the 
most important of these are the channels from the ew-rogibn, and these later 
become the ophthalmic veins. 

The development of the cranium and the brain membranes introduces further 
changes : the three main secondary plexuses are largely retained in association with 
j j ra mater> superficial portions are split off to drain the surface of the head, 
and deeper portions are specialized for the drainage of the brain-stem. The next 

* George L. Streeter, American Journal of Anatomy, voL xvm. 1915 . 
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Fig. 191.— Profile drawings showing the development of the venous sinuses of 
the dura mater in human embryos from 4 mm. to birth. Their adaptation 
to the growth and changes in the form of the brain should be noted. 
A. Embryo of 4 mm.; B. Embryo of 14 mm.; C. Embryo of 18 mm.; 
I). Embryo of 21 mm.; E. Embryo of 85 mm.; F. Embryo of 50 mm. 
crown-rump length; G. Embryo of 80 mm. crown-rump length; H. At 
birth, (George L. Streeter.) 
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flft pon ol m odifica tions is largely due to the increase in the size of the internal ear. 
An anastomosing channel between the middle and posterior plexuses forms on the 
dorsal aspect of the auditory vesicle, and the anterior and middle plexuses unite with 
one another (fig. 191, 0, D ). A single large vein which is the commencement of the 
transverse sinus drains the anterior and middle plexuses into the new anastomosing 
ntiannal (fig. 191 , D). The posterior part of the primary head vein, i.e. the part : 
connected with the internal jugular vein, disappears, but the anterior portion, in the 
region of the trigeminal nerve, is retained as the cavernous sinus, and into this the 
ophthalmic veins open (fig. 191, D, E). The original stem of the middle plexus, 
between the new anastomosing channel and the primary head vein, undergoes 
atrophy, but later is re-established as the superior petrosal sinus (fig. 191, E, F, <J). 
The inferior petrosal sinus is a new formation, developed from a small plexus between 
the cavernous onus and the internal jugular vein (fig. 191, F, G). 


Fig. 192. — Three stages in the formation of the sagittal plexus, showing its 
conversion into the superior sagittal sinus. Braining into it from below is 
the channel from the chorioida! plexuses which becomes the straight sinus 
(fig. B.). A. From a human embryo 13'8 mm. long; B. From it human 
embryo 20 nun. long; 0. is a drawing of an injected and cleared specimen 
54 mm. long. (George L. Streeter.) 


Telencephalon Tthimphabm 



Mesencephalon 


The transverse sinus at this stage can be recognized as u composite vessel derived 
from ( 1 ) the stem of the conjoined anterior and middle plexuses, ( 2 ) the anastomosing 
channel dorsal to the auditory vesicle, and (3) the stem of the posterior plexus 
continued into the internal jugular vein ; the second and third portions together 
form the sigmoid part of the anus. 

Between the growing cerebral hemispheres extensions of the anterior and middle , 
plexuses of both rides meet and form the sagittal plexus (fig. 192, A, B), a curtain 
of capillary veins which hangs down in the position of the future falx cerebri, 
•AJong.the dorsal margin of this curtain the superior sagittal sinus is evolved^ and 
this onususually joinstheright transverse sinus (fig, 192, B, C ) ; along, the 
ventral free edge of the curtain the inferior sagittal sums and the straight sinus 
ace formed, the latter passing into the left transverse sinus. When the cerebral: 
hemispheres grow backwards they carry with them the sagittal rinus ; the straight : ; 
.• through a plexus in the tentorium cerebelli, and 

tw^fwence of both sinuses is continued until they arrive at thjrir adult positions 
^ pourfv of junction at the confluence of the sinuses (torcular Herophili)* c 
pcetenor plexuB establishes a secondary connexion with the confluence of the . 

part of the transverse Binus. and is 

^ w ®t first drains the region behind the ear (posterior 

ana enters theanteiior cardinalas alatemi. tributary, ; V ; -A group of vans 
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from the face and lingual region converge to form a common vein, the linguofacial * 
which also terminates in the anterior cardinal vein. Later, cross communications 
develop between the external jugular and the linguofacial, with the result that the 
posterior group of facial veins is transferred to the external jugular. The cephalic 
vein is, for a time, a tributary of the external jugular vein, but is later diverted into 
the axillary vein. 

In early foetal life the heart is placed directly under the head and is relatively 
of large size. Later it assumes its position in the thorax, but lies at first in the 
middle line ; towards the end of pregnancy it gradually becomes oblique in direction. 
The atrial portion is at first larger than the ventricular part, and the two atria 
communicate freely through the foramen ovale. In consequence of the communica- 
tion, through the ductus arteriosus, between the pulmonary artery and the aorta, 
the contents of the right ventricle are mainly carried into the latter vessel instead 


Pig. 193. — A scheme showing the relative positions of the primary lymph-sacs. 
(Based on the description given by Florence Sabin.) 
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of to the lungs, and lienee the wall of the right ventricle is as thick as that of the 
left. At the end of foetal life, however, the left ventricle is thicker than the right, 
a difference which becomes more and more emphasised after birth. 

The foetal circulation and the changes which take place in the circulation after 
birth are described in the section on Angiology. 

The lymphatic vessels. The lymphatic system begins as a series of sacs | at 

the points of junction of certain of the embryonic veins. These lymph-sacs are 
developed by the confluence of numerous venous capillaries, which at first lose 
their connexions with the venous system, hut subsequently, on the formation of 
the sacs, regain them. The lymphatic system is therefore developmentally an 
offshoot of the venous system, and the lining walls of its vessels are always 
endothelial. 

In the human embryo the lymph-sacs from which the lymphatic vessels are 
derived are six in number ; two paired, the jugular and the posterior lymph-sacs ; 
the two unpaired, the retroperitoneal and the cisterna chyli. In lower mammals 
an additional pair, the subclavian, is present, hut in the human embryo these are 
merely extensions of the jugular sacs. 

The position of the sacs is as follows (fig. 193): (1 ) the jugular, the first to appear, 
at the junction of the subclavian vein with the anterior cardinal ; (2) the posterior, 

* Lewis, American Journal of Anatomy , yoI. ix. 1909. 
t & Babin, American Journal of Anatomy , vol. ix. 1909. 
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at the junction of the iliac vein with the posterior cardinal ; (3) the retroperitoneal, 
in the root of the mesentery near the suprarenal glands ; (4) the cisterna chyli, 
opposite the third and fourth lumbar vertebra. From the lymph-sacs the lym- 
phatic vessels bud out along fixed lines corresponding more or less closely with 
the course of the embryonic blood-vessels. In the body-wall and in the wall of 
the intestine,* the deeper plexuses are the first to be developed ; by continued 
growth of these, the vessels in the superficial layers are gradually formed. The 
thoracic duct is probably formed from anastomosing outgrowths from the jugular 
sac and cisterna chyli. At its connexion with the cisterna chyli it is at first double, 
but the vessels soon join. 

All the lymph-sacs except the cisterna chyli are, at a later stage, divided up by 
slender connective tissue bridges and transformed into groups of lymph-glands. 
The lower portion of the cisterna chyli is similarly converted, but its upper portion 
remains as the adult cisterna. 


* THE DEVELOPMENT OF THE DIGESTIVE AND RESPIRATORY 

APPARATUS 

. The digestive tube. — As already indicated (p. 55), the primitive digestive tube 
consists of two parts, viz. : (1) the fore-gut, within the cephalic flexure, and dorsal 
to the heart ; and (2) the hind-gut, within the caudal flexure (fig, 194), 'Between 


Fig. 194. — The digestive tube of a human embryo 2*5 mm. long. 
(Peter Thompson.) 



these is the wide opening of the yolk-sac, which is gradually narrowed and reduced 
to a small foramen leading into the vitelline duct. At first the fore-gut and hind-gut 
end blindly ; the anterior end of the fore-gut is closed by the buccopharyngeal 
membrane ; the hind-gut ends in the cloaca, which is similarly closed by the 
eloaeal membrane. 

The mouth is developed partly from the stomodanim, and partly from the floor 
of the anterior portion of the fore-gut. By the growth of the head-end of the 

* Heuer, American Journal of Anatomy, vol ix. 1909 
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embryo, and the formation of the cephalic flexure, the pericardial area and the 
buccopharyngeal membrane come to lie on the ventral surface of the embryo. 
With the further expansion of the brain, and the forward bulging of the pericardium, 
the buccopharyngeal membrane is 


depressed between these two promi- 
nences. This depression constitutes 
the stomodceum (fig. 195). It is lined 
with ectoderm, and is separated from 
the anterior end of the fore-gut by the 
buccopharyngeal membrane, which is 
formed by the apposition of the 
stomodseal ectoderm with the fore- 
gut entoderm ; at the end of the 
third week the membrane disappears, 
and a communication is established 
between the mouth and the future 
pharynx. No trace of the membrane 
is found in the adult ; and the com- 
munication just mentioned must not 
be confused, with the permanent 
isthmus faueium. The lips, teeth, 
and gums are formed from the walls 
of the stomodaoum, but the tongue is 
developed in the floor of the mouth 
and pharynx. 

The visceral arches grow in a 
ventral direction and lie between the 
stomodamm and the pericardium ; 
with the completion of the mandi- 
bular arch and the formation of the 
maxillary processes, the mouth 


Fig. 195. — The head-end of a human em- 
bryo about thirty to thirty-one days 
old. Ventral aspect. (From a model 
by K. Peter.) 



assumes the appearance of a penta- 
gonal orifice, bounded in front by the frontonasal process, behind by the mandibular 
arch, and laterally by the maxillary processes (fig. 195). With the inward growth 
and fusion of the palatine processes (figs. 124, 125), the stomodceum is divided into 
an upper nasal and a lower buccal part. Along the free margins of the processes 
bounding the mouth cavity a shallow groove appears ; this is termed the primary 
luhial (/room, and from the bottom of it a down growth of ectoderm into the underlying 
mesoderm takes place. Owing to the degeneration of the central cells of this 


Fig. 190.— The floor of the pharynx of 
a human embryo about twenty-six 
(lavs old. (From a model hv 
K. Peter.) 

Lateral tongue Thyreoid 

swellings diverticulum 



Fig. 197. — The floor of the pharynx of 
a human embryo about the end of 
the fourth week. (From a model by 
K. Peter.) 


Lateral tongue swellings 



ectodermal downgrowth the groove is deepened and a secondary labial groove is 
formed, and separates the lips and cheeks from the alveolar processes of the maxillae 
and mandible. 
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The salivary glands arise as buds from the opitheiiul linincr of the mouth ; the 
parotid appears during the fourth week in the angle between the maxillary process 

and the mandibular arch ; the 
Frj. 198 , — The floor of the pharynx of a submaxiilary appears in the sixth 
human embryo, about thirty days, c id. week, and tin* Miblingual dining 
(From a model by K. Peter.) the ninth week, in the hollow 

between the tongue and the man- 
dibular arch. 

The tongue (%•% 196 to 198) 
consists of an anterior or buccal 
and a p< '.interior or pharyngeal part. 
During the third week there 
appears, immediately behind the 
ventral ends of the halves of 
the mandibular arch, a rounded 
swelling named the tubamdum 
,i r if urn a id impar , which was described by 
i'KtlhmjA Hjs as forming the whole of the 
buccal part of the tongue. More 
recent researches, have shown 
that this part of the tongue is mainly, if not entirely, developed from a pair 
of lateral lingual swellings which arise from the inner surface of the mandi- 
bular arch and meet in the middle line. The tuberculum impar is said to form 
the central part of the tongue immediately in front of the foramen cmernn, but 
Hammar insists that it is purely a transitory structure arid forms no part of the 
adult tongue. From the ventral ends of the fourth arch then* arises a second and 
larger elevation, in the centre of which is a median groove or furrow. This elevation, 
named by His the furcula, is at first separated from the t ulmrculum impar by a 
depression, but later by a ridge, the copula, formed by tie* forward growth and 
fusion of the ventral ends of the second and third arches. The posterior or 
pharyngeal part of the tongue is 

developed from the copula, which Pl „. m „ A 1} ,. (!l , Vf , lop . 

extends forwards m the form of a V, mmt 0 f the i,r.v .mbd rpbD-liai bodies, 
so as to embrace between its two (Modified from Kobn.) 



limbs the buccal part of the tongue. 
At the apex of the V a pit-like in- 
vagination occurs, to form the thyreoid 
gland, and this depression is repre- 
sented in the adult by the foramen 
ccBCimi of the tongue. In the adult 
the union of the anterior and posterior 
parts of the tongue is marked by the 
V-shaped sulcus terminalis , the apex 
of which is at the foramen caecum, 
while the two limbs run lateralwards 
and forwards parallel to but a little 
behind the papillae vallatse. 

The thyreoid gland is developed 
from a median diverticulum, which 
appears about the fourth week 
on the summit of the tuberculum 



impar, but later is found in the i. n, in, iv. naarymrai jwuditis. 

furrow immediately behind the tuber- 

culum (fig. 196). It grows downwards and backwards as a tubular duct, which 
bifurcates and subsequently divides into a series of cellular cords, from which the 
isthmus and lateral lobes of the thyreoid gland are developed. As already stated 
(p. 78), the ultimobranchial bodies from the fifth pharyngeal • pouches are enveloped 
by the lateral lobes. of the thyreoid gland, but they undergo atrophy and do not 
form, true thyreoid tissue. The connexion of the diverticulum with the pharynx is 
termed the thyreoglossal duct ; by the second month the duct is obliterated, its 
upper end being represented by the foramen caecum of the tongue, and its lower 
by the pyramidal lobe of the thyreoid gland. 

The palatine tonsils are developed from the parts of the second pharyngeal 
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pouches which, lie between the tongue and the soft palate. The entoderm lining 
these pouches grows in the form of a number of solid buds into the surrounding 
mesoderm. These buds are excavated by the degeneration and shedding of their 
central cells, and by this means the tonsillar crypts are formed. Lymphoid cells 
accumulate around the 


crypts, and are grouped 
to form the lymphoid 
follicles. The supraton- 
sillar fossa is a remnant 
of the second pharyngeal 
pouch. 

The thymus appears 
in the form of two 11 ask - 
shaped entodermal diver- 
ticula, which arise, one 
on either side, from the 
third pharyngeal pouch 
(fig. 199), and extend 
lateralwards and back- 
wards into the surround- 
ing mesoderm in front of 
the ventral aorta?. Here 
they meet and are sub- 
sequently joined by con- 
nective tissue, but there 
is never any fusion of the 
thymus tissue pr< > } >e r. 
The pharyngeal opening 
of each diverticulum is 
soon obliterated, but the 
stalk persists for some 
time as a cellular cord. 
By further proliferation 
of the cells lining tie* 
diverticulum, buds of 
cells are formed, which 
become surrounded and 
isolated by the invading 
mesoderm. In the latter, 
numerous lymphoid cells 
make their appearance, 
and are aggivuat <*<1 to 
form lymphoid follicles. 
These lymphoid cells are 
probabl y < i eri vat i ves < ) f 
the entodermal cells 
which lined the original 


.bio. 200. Sagittal sections of the heads of early embryos 
of the rabbit. Magnified. (From Mihalkovics. ) 


A B 

( 7n. 




A. From an embryo of r> mm. long. B. From an embryo of 0 mm. 
Iwjji, C, Wrtii-al ' ; i*o ion «,t‘ the anterior end of the notochord and 
hypophysis, etc., from an embryo 1(5 mm. long. In A the buceo- 
phuryngenl membrane is still present. In B it is in the process of 
♦•aring, and t li** '-.(onnuheum now communicates with the primitive 
pltar, n\. nm. Amninii. i\ Fore-brain, eh. Xotoelmrd. /. Anterior 
<-\t n-mify <»i fore-gut, i. /■. Heart, if. Infundibulum, m. Wall of 
bran* cauty. me. Mid-brain, mo. Hind-brain, p. Original position 
oi pMj.3iy.-ial diverticulum, py. ph. Pharynx, sp.e. Spheno-ethmoi- 
ial. h>\ central, and sp.o. Spheno-oecipital parte of basis cranii. iha. 
Thalamus, 


diverticula and l heir su 1 1 - 

divisions. Additional portions of thymus tissue are sometimes developed from . 
the fourth branchial pouches. The thymus begins to atrophy about the age of 


The two pairs of parathyreoid bodies are de vein] »ed as outgrowths from the third 
and fourth pharyngeal pouches (fig, 199); the diverticula from the third pouches, 
being attached to the stalks of the thymus, are drawn to a lower level than those 
from the fourth pouches, and consequently the inferior pair of parathyreoids is 
derived from the third, and the superior pair from the fourth, pharyngeal pouches. 

Two diverticula arise from the fifth pharyngeal pouches and form what are 
termed the n! I im abranchial bodies (fig. 199) ; the latter fuse with the thyreoid gland, 
but do not form true thyreoid tissue. . 

The hypophysis cerebri consists of an anterior and a posterior lobe; the former 
is derived from the ectoderm of the stomodaunn, the latter from the floor of 
the fore-brain. Previous to the rupture of the buccopharyngeal membrane a 
pouch-like diverticulum of the ectodermal lining of the roof of the stomodseum 
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appears This diverticulum [pouch of RathJce ) (fig. 200) is the rudiment of the 
anterior lobe of the hypophysis ; it extends upwards in front of the cephalic end 
of the notochord and in front of the buccopharyngeal membrane, and comes i Jr 
contact with the under surface of the fore-brain. It is then constricted off to’ for J 
a closed vesicle, but remains for a time connected to the ectoderm of the st omnd-oJ ! 
by a solid cord of cells Masses of epithelial cells form on either side and in t he front 
wall of the vesicle, and by the growth of a stroma from the mesoderm between the 
masses the development of the anterior lobe of the hypophysis is completed. A 

I'm. 201. — A human embryo of 7 mm. greatest length. Left lateral aspect 
(From a reconstruction by P. Thompson.) 
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The further development of the digestive tube. — The upper part of the fore-gut 
dilates to form the pharynx (fig. 194) in the lateral walls of which the branchial 
arches are developed (p. 76) ; the succeeding part remains tubular, and is elongated 


Fig. 202. — Front views of two successive stages in the development of the 
digestive tube. (His.) 




to form the oesophagus. About the fourth week a fusiform dilatation, the future 
stomach, makes its appearance (fig. 201), and beyond this the gut opens into the 
yolk-sac ; this opening is at first wide, but is gradually narrowed into a tubular 
stalk, the yolk -stalk or viidline duct . Between the stomach and the mouth of the 
yolk-sac tin* liver diverticulum appears. From the stomach to the rectum 
the alimentary canal is attached to the notochord by a band of mesoderm, 
from which the common mesentery of the gut is subsequently developed. The 
stomach has an additional attachment to the anterior abdominal wall as far as 


Fio. *203. — The primitive mesentery of a human embryo, six weeks old. 
Half-schematic. (Kollmann.) 


Septum transt'ermm 



the umbilicus by the septum transversum. The cephalic portion of the septum 
transversum takes part in the formation of the Diaphragm, while the caudal 
portion into which the liver grows forms the ventral mesogastrium (fig. 203), The 
o.a. ■ *2 
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stomach undergoes a further dilatation, and its two curvatures can he recognised 
(fig. 202), the greater directed towards the vertebral column and the lesser towards 
the anterior wall of the abdomen, while its two surfaces look to the right and left 
respectively. Distal to the stomach the gut undergoes great elongation, and forms 
a V-shaped loop which projects downwards and forwards ; from the bend or angle 
of the loop the vitelline duct opens (fig. 203). For a time a large part of the loop 
extends beyond the abdominal cavity into the umbilical cord, but by the end of 
the third month it is withdrawn within the cavity. With the lengthening of the 
tube, the mesoderm, which attaches it to the future vertebral column and carries 
the blood vessels for the supply of the gut, is thinned and drawn out to form the 
posterior common mesentery. The portion of this mesentery attached to the greater 
curvature of the stomach is named the dorsal mesogastriinn . and the part which 


Fig. 204. — The abdominal part of the digestive tube and its attachment to the 
posterior common mesentery. From a human embryo, six weeks old. 
(After Toldt.) (From Kollmann’s Bn t wiekel u ngsgesch ich te. ) 



suspends the intestine is termed the mesentery (fig. 204). About the sixth week 
a diverticulum of the . gut appears just behind the opening of the vitelline duct, 
and is differentiated into the future caecum and vermiform process. The part 
of the loop on the distal side of the caeca! diverticulum increases in diameter and 
forms the future ascending and transverse portions of the large intestine. Until 
the fifth month the caecal diverticulum has a uniform calibre, but from this time 
onwards its distal part remains rudimentary and forms the vermiform process, while 
its proximal part expands to form the caecum. Further changes are meanwhile 
taking place in the shape and position of the stomach. The fundus is developed as a 
localised outgrowth or diverticulum from the cardiac end of the greater curvature.* 
Lewis f points out that in a 16 mm. embryo a canal (gastric canal) passes along 
the lesser curvature of the stomach from the oesophagus to the pars pyloriea, and 
that in a 44*3 mm. embryo this canal is more distinct than in the earlier stages 
and reaches from the antrum cardiacum to the incisura angularis. 

r r ^d Wood Jones, Proceedings of the Anatomical Society of Great Britain and 

Ireland , November 1901. , 

t F. T. Lewis, American J oumal of Anatomy , vok xiii. 1912. 
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Hie d oi sal paifc or greater curvature of the stomach, to which the dorsal meso- 
gastrium is attached, grows much more rapidly than its ventral part or lesser 
curvature, to. which the ventral mesogastriiim is fixed. The dorsal mesogastrium 
expands rapidly, and the greater curvature is carried downwards and to the 
left, and the right surface of the stomach is now directed backwards, and the left 
surface forwards (fig. 206) — a change in position which explains why the left 
vagus nerve is found on the front, and the right vagus on the back of the 


iio* 205, The trunk of a human embryo 17 mm. long. (After a reconstruction 
by Mall.) (From Quain’s Elements of Anatomy, vol. i., Embryology.) 
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stomach. The dorsal mesogastrium attached to the greater curvature follows its 
alterations in position, and hence it is greatly elongated and drawn to the left 
and ventralwards, and, as in the case of the stomach, the right surfaces of both the 
dorsal and ventral mesogastria are now directed backwards, and the left forwards. 
In this way a pouch, the bursa omentalis , is formed behind the stomach, and this 
increases in size as the digestive tube undergoes further development ; the entrance 
to the pouch constitutes the future epiploic foramen (foramen of Winslow). 

The duodenum is developed from that part of the tube which immediately 
succeeds the stomach ; it undergoes little elongation, being more or less fixed in 
position by the liver and pancreas, which arise as diverticula from it ; for a time 
its lumen is occluded by an epithelial plug. The duodenum is at first suspended 
by a mesentery, and projects forwards in the form of a loop ; but the loop and 
its mesentery axe subsequently displaced by the transverse colon, so that the right 
surface of the duodenal mesentery is directed backwards, and. adhering to the 
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parietal peritoneum, is lost. The remainder of the digestive tube elongates 
greatly, and is thrown into coils, and this elongation demands a corresponding 


Figl 206. — Diagrams to illustrate two stages in the development of the digestive tube 
and its mesentery. The arrow indicates the entrance to the bursa omenfalis. 
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Fig. 207. — The final dis- 
position of the intestines 
and their vascular rela- 
tions. (Jonnesco.) 



Fig. 208. — A schematic figure of the bursa omen tali,- , 
Ac. From a human embryo, eight weeks old] 
(Kallmann.) 
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Afc tills stage the small and large intestines are attached to the vertebral column 
by a common mesentery, the coils of the small intestine falling to the right of the 
middle line, while the large intestine lies on the left side A 


lio* 209. Diagrams to illustrate the development of the greater omentum 
and the transverse mesocolon. 
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The gut is now rotated upon itself, so that the large intestine is carried over in 
front of the small intestine, and the caecum is placed immediately below the liver ; 
about the sixth month the caecum descends into the right iliac fossa, and the large 
intestine forms an arch consisting of the ascending, transverse, and descending 
portions of the colon — the transverse portion crossing in front of the duodenum and 
lying just below the greater curvature of the stomach ; within this arch the coils 


Dig. SlO.—Thu tail-end of a human 
embryo, fifteen to eighteen days old. 
(From a model by Keibel.) 


.4. orta 



Fig. 211. — The cloaca of a human em- 
bryo, twenty -five to twenty-seven 
days old. (From a model by 
Keibel.) 



of the small intestine are disposed (fig. 207). Sometimes the downward progress 
of the caecum is arrested, so that in the adult it may be found lying immediately 
below the liver instead of in the right iliac region.*]* 


* Sometimes this condition persists throughout life, and the duodenum lies entirely on the 
right side of the median plane, where it is continued into the jejunum ; m such .cases the arteries 
to the small intestine (jejunal and ileal) arise from the right instead of the left side of the superior 


mesenteric artery. 

t See article by J. Ernest Frazer and B. H. Bobbins ‘ On the factors concerned in causing 
rotation of the intestine in man/ Journal of Anatomy and Physiology, voi. l. 
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Further changes take place in the bursa omeutalis and in the common mesentery 
and give rise to the peritoneal relations seen in the adult. The bursa omeutalis' 
which at first reaches only as far as the greater curvature of the stomach, extends 
downwards in front of the transverse colon and the coils of the small intestine 
to form the greater omentum (fig. 208). Before the pleuuopp.rmmcal opening 
is closed, the bursa omeutalis sends a diverticulum upwards on either side of the 
oesophagus ; the left diverticulum soon disappears, but the right is constricted oil 
and forms the bursa infracardiaca which may persist in the adult as a small sac lyin.« 
within the thorax on the right side of the lower end of the oesophagus. The anterior 
layer of the transverse mesocolon is at first distinct from the posterior Inver of the 
greater omentum, but the two layers blend, and then the greater omentum becomes 
attached to the transverse colon (fig. 209). The mesenteries of the ascending and 
descending parts of the colon disappear in the majority of cases, while that of the 
small intestine assumes the oblique attachment characteristic of its adult condition!! 

The lesser omentum is formed, as indicated above, by a thinning of the meso- 
derm (ventral mesogastriim) which attaches the stomach and duodenum to the 
anterior abdominal wall. By the subsequent growth of the liver this leaf of meso- 
derm is divided into two parts, viz. the lesser omentum between the stomach and 
liver, and the falciform and coronary ligaments between the liver and the abdominal 
wall and Diaphragm (figs. 203, 208). 

The rectum and anal canal.-— The hind-gut is at first prolonged backwards 
into the body-stalk as the tube of the allantois ; but, with the growt h and flexure 


Fun 212 . — The tail-end of a human em- 
bryo, eight and a half to nine weeks 
old. (From a model by Keibel.) 



of the tail-end of the embryo, the 
body-stalk, with its contained allantoic 
tube, is carried forwards to the ventral 
aspect of the body, and consequently 
a bend is formed at the junction of 
the hind-gut and allantois. This bend 
dilates to form a pouch, which con- 
stitutes the entotlermul dot ten ; into 
its dorsal part the hind-gut; opens, and 
from its ventral part, ‘the allantois 
passes into the body-stalk. At a 
later stage the Wol Ilian and Mullerian 
ducts open into the ventral portion of 
the cloaca. The cloaca is, for a time, 
shut off from the exterior by the 
cloacal membrane which is formed by 
the apposition of a thick ectodermal 
and a thin entodermal layer, and 
reaches at first as far forwards as the 
future umbilicus. Behind the wnbili- 
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The liver arises as a. diverticulum from the ventral surface of the fore-gut at 
the point where the latter joins the yolk-sac (fig. 213). This diverticulum is lined 
with entoderm, and grows upwards and forwards into the septum transversum which 
is a mass of mesoderm Let ween the vitelline duct and the pericardial cavity; the 


Fig. 213. — The liver with the septum transversum. Human embryo. 
(After a model and figure by His.) 



diverticulum rives off two solid buds of cells which represent the right and the 
left lobes of t he liver. The solid buds of cells grow into columns or cylinders, termed 
the hepatic n/li /h/c/*.s\ which branch and anastomose to form a close meshwork. 
This network invades the vitelline and umbilical veins, and breaks them up into 
a series of capillary-like vessels termed .sinusoids (Minot), which ramify in the meshes 
of the cellular net work. By the continued growth and ramification of the hepatic 
cylinders t he mass of the liver is gradually formed. The original diverticulum from 
tiie duodenum forms the bile-duct, and from this the cystic duct and gall-bladder 


Fig. 21 1.- -The pancreas of a human em- 

bryo, five weeks old, iKolbnann.) 
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Fig. 215. — The pancreas of a human 
embryo, at the end of the sixth week. 
(Kollmann.) 
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arise as a solid outgrowth which later acquires a lumen. Ihe opening of the bile- 
duct is at first in the ventral wall of the duodenum ; later, owing to the rotation 
of the gut the opening is carried to the left and then dorsalwards to the position 
it occupies in the adult. 
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As the liver undergoes enlargement, both it and the ventral nmsogast Hum 
are gradually differentiated from the septum transversum ; and ^ from the under 
surface of the latter the liver projects downwards into the abdominal cavity. By 
the growth of the liver the ventral mesogastrium is divided into two parts, of which 
the anterior forms the falciform and coronary ligaments and the posterior the 
lesser omentum. About the third month the liver almost fills the abdominal 
cavity, and its left lobe is nearly as large as its right. F rum this period the relative 
development of the liver is less active, more especially that of the left lobe, which 


Fig. 216. — A schematic and enlarged transverse section through the body of a 
human embryo, in the region of the mesogastrium. At the beginning of 
the third month. (Modified from Toldt.) 
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actually undergoes some degeneration and becomes smaller than the right ; but up 
to the end of foetal life the liver remains relatively larger than in the adult. 

The pancreas (figs. 214, 215). — The pancreas is developed in two parts, a dorsal 
and a ventral. The former arises as a diverticulum from the dorsal wall of the 
duodenum a short distance above the hepatic diverticulum, and, growing upwards 
and backwards into the dorsal mesogastrium, forms the whole of the body and tail 
of the pancreas and a part of the head and uncinate, process. The ventral part 
appears in the form of a diverticulum from the primitive bile-duct at the spot where 
the latter opens into the duodenum ; from the ventral pancreas the remainder 
of the head and uncinate process of the pancreas are developed. The duct of the 
dorsal part (accessory pancreatic duct) therefore opens directly into the duodenum, 
while that, of the ventral part (pancreatic duct) opens with the bile-duct. About 


Fig. 217. — A schematic and enlarged transverse section through the same region 
as in fig. 216, at end of the third month. (Modified from Toldt.) 
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the sixth week the two parts of the pancreas meet and fuse, and a communication 
is established between their ducts. After this has occurred the terminal part of 
the accessory duct, i.e. the part between the duodenum and the point of meeting 
of the two ducts, undergoes little or no enlargement, while the duct of the ventral 
part increases in size and forms the main duct of the gland. The opening of the 
accessory duct into the duodenum is sometimes obliterated, and even when it 
remains patent it is probable that the whole of the pancreatic secretion is conveyed 
through the pancreatic duct. 



THE DEVELOPMENT OF THE RESPIRATORY ORGANS 145 


At first the pancreas is directed upwards and backwards between the two layers 
of the dorsal mesogastrium, which give to it a complete peritoneal investment, 
and its surfaces look to the right and left. With the change in the position of 
the stomach the dorsal mesogastrium is drawn downwards and to the left, and the 
right side of the pancreas is directed backwards, and the left forwards (fig. 216). 
The right surface becomes applied to the posterior abdominal wall, and the 
peritoneum which covers it undergoes absorption (fig. 217) ; and thus, in the adult, 
the gland lies behind the peritoneal cavity. 

The spleen (fig. 204). — Although the spleen belongs to the group of ductless 
glands, its development may be conveniently referred to here. It appears about 
the fifth week as a localised thickening of the mesoderm in the dorsal mesogastrium 
above the tail of the pancreas. With the change in position of the stomach the 
spleen is carried to the left, and comes to lie behind the stomach and in contact 
with the left kidney. The part of the dorsal mesogastrium which intervened 
between the spleen and the greater curvature of the stomach forms the gastrosplenic 
ligament (gastrosplenic omentum). 


Fig. 218. — The head and neck of a human embryo thirty-two days old. Ventral 
aspect. The floor of the mouth and the ventral wall of the pharynx have 
been removed. (His.) 
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The respiratory organs. — The rudiment of the respiratory organs appears in 
the fourth week as a median laryngotracheal groove in the ventral wa.ll of the 
pharynx. The groove deepens and its lips fuse to form a septum which grows 
from below upwards and converts the groove into a tube, the laryngotracheal tube 
(fig. 218), the cephalic end of which opens into the pharynx by a slit-like aperture 
formed by the persistent anterior pan of the groove. The tube is lined with 
entoderm, and from this the epithelial lining of the respiratory tract is developed. 
The cephalic part of the tube forms the larynx, and its next succeeding part the 
trachea, while from its caudal end two lateral outgrowths, the right and left lung - 
buds; arise, and from the mesoderm surrounding them the connective tissne of the 
bronchi and lungs are developed. 

The first rudiment of the larynx consists of two arytcenozd swellings , which 
appear, one on either side of the cephalic end of the laryngotracheal groove, 
and are continuous in front of the groove with a transverse ridge (furcula 
of His) which lies between the ventral ends of the fourth branchial arches 
and from which the epiglottis is subsequently developed (figs. 197, 198). After 
the separation of the trachea from the ^ oesophagus, the arytenoid swellings 
come into contact with one another and with the back of the epiglottis, and the 
entrance to the larynx assumes the form of a T-shaped cleft, the margins of the cleft 
adhere to one another and the laryngeal entrance is for a time occluded. The 
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arytsenoid swellings are differentiated into the arytenoid and corniculate cartilages, 
and the folds joining them to the epiglottis form the aryepigiottie folds in which 
the cuneiform cartilages are developed as derivatives of the epiglottis. The thyreoid 
cartilage is developed from the ventral ends of the cartilages of the fourth and 
fifth branchial arches ; it appears as two lateral plates, each ehomlrified from two 
centres and united in the midventral line by membrane in which an additional 
centre of chondrification develops. The cricoid cartilage arises from two cartila- 
ginous centres, which soon unite ventrally and gradually extend and ultimately 
fuse on the dorsal aspect of the tube* 

According to Frazer, f who has made an important investigation on the develop- 
ment of the larynx, the glottis or space between the vocal folds is the primary 
opening of the larynx. During the second and third months a lateral mass (aryta*- 
noid swelling), derived from the fourth and fifth arches, grows forward on either side 


Fig. 219. — The lung- buds from 
a human embryo, about four 
weeks old, showing com- 
mencing lobulation. (His.) 



Fiu. 220. — The lungs of a human embryo 
more advanced in development, (His.) 



of the primary opening, and from these masses the lateral walls of the vestibule 
of the larynx are developed. A third elevation or 6 cent ral mass ’ is formed behind 
the second and third arches. These three masses bound the secondary opening 
of the larynx. In the lateral masses the arytamoid cartilages and aryepigh >it ie folds 
are developed ; from the central mass the epiglottis is formed. 

The right and left lung-buds grow out posterior to the ducts of Cuvier, and divide 
into lobules, three appearing on the right, and two on the left, lung-bud ; these 
subdivisions are the early indications of the corresponding lobes of the lungs (tigs, 21 9, 
220). The buds undergo further subdivision and ramification, and ultimately end 
in minute expanded extremities — the infundibula of the lung. After the sixth 
month the air-sacs begin to make their appearance on the infundibula in the form 
of minute pouches. The pulmonary arteries are derived from the sixth aortic 
arches. During the course of their development the lungs migrate in a caudal 
direction, so that by the time of birth the bifurcation of the trachea is opposite 
the fourth thoracic vertebra. As the lungs grow they project into the pleural 
passages or parts of the coelom which will ultimately form the pleural sacs, and the 
splanchnic mesoderm enveloping the lung rudiment expands on the growing lung 
and is converted into the pulmonary pleura. 


THE DEVELOPMENT OF THE BODY-CAVITIES 

In the human embryo described by Peters the mesoderm outside the embryonic 
disc is split into two layers enclosing the extra-embryonic part of the coelom. Clefts 
appear in the embryonic part of the mesoderm, and fuse to form the intra-embryonic 
part of the coelom. At first the two parts of the coelom are separated from one 
another, but later they become continuous around the orifice of the future umbilicus, 
on the closure of which the continuity is again lost. The intra-embryonic part of 
the coelom forms the pericardial, pleural and peritoneal cavities ; the extra- 

* E. Fawcett, be, cit . 

t Ernest Frazer, Journal of Anatomy and Physiobgy, voL xli v. 



108 


EMBRYOLOGY 


area of the second arch includes the outer wall behind this, and turns on to the 
back wall to take in the tympanohyal region.’ During the sixth or seventh month 
the tympanic antrum appears as an upward and backward expansion of the 

tympanic cavity. . , 

The opinion generally held as to the development of the ossicles of the 
middle ear is that the incus and malleus are derived from the dorsal end of 


Fig. 161.— The left auriculas of human embryos, estimated to be thirty-fivo 
and thirty-eight days old respectively, t After His.) 
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Fig. 162. — The auricula in a 
more advanced stage of de- 
velopment than those repre- 
sented in fig. 161. 
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the mandibular (Meckel’s) cartilage (fig. 116), the incus nmn^-nt in-j; the 4jUi*drj*te 
bone of birds and reptiles. The stapes is developed from t h»* end yf the 

cartilage of the second or hyoid arch, and first appears as a ring (annulus >,fap«‘di*) 
encircling a small vessel, the stapedial artery, which subsr< pum* Iv imdcrgocs atrophy. 
£o|The external acoustic meatus is developed from the first branchial or outer 
pharyngeal groove. The lower part of this groove extends inwards as a funnel- 
shaped tube (primary meatus) from which the cartilaginous portion and a small 
part of the roof of the osseous portion of the meatus are developed. From the 
lower part of the funnel-shaped tube a solid epidermal plug extends downwards 
and inwards along the floor of the tubotympanie recess ; by the breaking down of 
the central cells of this plug the inner part of the meatus (secondary meatus) is 

produced, while the deepest cells of the ecto- 
dermal plug form the epidermal stratum of t he 
-tympanic membrane. The fibrous stratum of 
the tympanic membrane is formed from the 
mesoderm which extends between the mental 
plate and the entoderm of the floor of I he 
tubotympanie recess. 

The auricula or pinna is developed by the 
gradual differentiation of six tubercles (tig* 160} 
which appear around the margin of the first 
branchial groove. Two tubercles appear cm 
the posterior edge of the mandibular arch ; 
these represent the rudiments of the tragus and 
crus helicis. Three are found on the hyoid 
arch, and indicate, from below upwards/ the 
lobule, antitragus, and amihelix. One uriftea 
dorsal to the first branchial groove, and grows 
downwards behind the antitragus and untihelix ; 
from it and its downward prolongation the 
, . . # helix is developed (figs. 161, 162). Borne 

observers, however, maintain that the lowest tubercle on the hyoid arch become* 
the antitragus, and that the lobule is developed later as an independent: formation. 
Ihe rudiment of the acoustic nerve appears about the end of the third week as 
the acoustic ganglion which is closely applied to the cephalic edge of the 
nditory vesicle; the cells of this ganglion are probably derived from the ectoderm 
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tissue; within it the liver is developed, and from it the ‘principal part of the 
Diaphragm is formed. As development proceeds the dorsal end of the sept um truns 
versum is carried gradually oaudalwards, and when it reaches the fourth cervical 

Fig. 223. — A diagram of a transverse section through a rabbit embrvn 
(After Keith.) 
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THE DEVELOPMENT OP THE UROGENITAL ORGANS 

above the septum, and thus pleural and peritoneal portions of the coelom (still 
however, in communication with one another) may be recognised. 

The ultimate separation of the pericardial, pleural, and peritoneal cavities from 
one another is effected by the growth of a ridge of tissue ( : -pulmonary ridge of Mall) 
on either side from the mesoderm surrounding the duct of Cuvier (figs. 221, 222). 
The front or cephalic part of this ridge (pleuropericardial membrane) grows across 
and obliterates the pleuropericardial opening ; the hinder or caudal part (pleuro- 
peritoneal membrane) grows across the pleuroperitoneal opening. The pleuro- 
peritoneal openings may remain patent ; fig. 224 represents a persistent left opening, 
through which the spleen and left suprarenal body projected into the left pleural 
cavity. 

With the continued growth of the lungs the pleural cavities are pushed forwards 
in the body- wall towards the ventral median line, thus separating the pericardium 
from the lateral thoracic walls (fig. 223). The further development of the peritoneal 
cavity has been described with the development of the digestive tube (p. 137 
etseq .). 


THE DEVELOPMENT OF THE UROGENITAL ORGANS 

The urinary and generative organs are developed from the intermediate cell-mass 
which is situated between the primitive segments and the lateral plates of mesoderm. 
The permanent organs of t he adult are preceded by a set of embryonic structures 


Fig. 225. — A transverse section through a ferret embryo. (A. Robinson.) 
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on either side ; these consist of the pronephros, the mesonephros, the metanephros, 
and the Wolffian and Mullerian ducts. The pronephros disappears very early ; 
the structural elements of the mesonephros mostly degenerate, but in their place 
is developed the genital gland, in association with which the Wolffian duct remains 
as the duct of the male genital gland, the Mullerian as that of the female ; some 
of the tubules of the metanephros form part of the permanent kidney. 

The pronephros and the Wolffian duct,— In the intermediate cell-mass of 
the lower thoracic and upper cervical segments short evaginations from the 
coelom grow dorsal wards into each segment. The evaginations form a series of 
transverse tubules each of which communicates by means of a funnel-shaped 
ciliated opening with the erolomic cavity, and in the course of each duct a glomerulus 
also is developed. Secondary glomeruli are formed, and the complete group con- 
stitutes the pronephros The tubules of the pronephros undergo rapid atrophy 
and disappear. A solid rod of cells forms in the mesoderm of the lateral cell-mass, 
just under the ectoderm and overlying the pronephros. This rod grows caudal- 
wards to reach the ventral part of the cloaca, and becoming canalised, forms the 
Wolffian duct (fig. 225). In lower vertebrates its head-end acts as a duct for the 
pronephros and is termed the prmc'phric duct, but in man this function is in abeyance 
as the pronephros is a rudimentary and very transitory structure, the proximal part 
of it undergoing atrophy while the distal part is still in process of formation. . 

The mesonephros, Mullerian duct, and genital gland. — On the medial side of 
the Wolffian duct, and extending from the sixth cervical to the third lumbar 
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segment, the Wolffian tubules (tig. 226) are developed. Each tubule first appears as 
a solid mass of cells, which later becomes hollowed in the centre ; one end grows 
towards and finally opens into the Wolffian duct, the other dilates and is invaginated 
by a tuft of capillary blood-vessels to form a glomerulus. The tubules collectively 
constitute the mesonephros or Wolffian body (figs. 201, 205, 227). Bv the fifth or 


Pig. 226. — A section through the urogenital fold of a chick embryo, four 
days old. (Wa Meyer.) 



sixth week this body forms an elongated spindle-shaped structure, termed the 
urogenital fold (fig. 226), which projects into the cadomie cavity on either side of the 
dorsal mesentery, from the septum transversum in front to the fifth lumbar segment 
behind ; m the medial parts of these folds the genital glands are developed.’ The 
Wolffian bodies persist and form the permanent kidneys in fishes and amphibians, 
but m reptiles, birds, and mammals they atrophy and' for the most part disappear 
confidently with the development of the permanent kidneys. The atrophy begins 
during the sixth or seventh week of foetal life and proceeds rapidly, so 1 hat tty the 
beginning of the fifth month only the ducts and a few of the tubules remain. ' 


Fig. 227.— The left Wolffian body before any distinction of sex has appeared. 
Anterior aspect. Enlarged. ( From Far re, after Koboit, ) 



a a, b, c d Tubu’ar structure of the Wolffian ho.lv. Wolffian duet f Ik ( . V K m u v 

q. Its termination in ay the urogenital sinus, /<. Mullerian duct. I Its mmer fuiititd-Kh-inc* 1 SS ! I' 
k. Its lower end, terminating in the urogenital sinus. L Genital gland.* x . ’urllgeriiVjii sinu^ Y ‘ 

Tj e the Wo i® an duct persists, and forms the tube of the epididymis, 
wsiS 1 “1’ r 1 , ; 6 e^culatory duct ; during the third month the seminal 
? ? a lateral diverticulum from the hinder end of the duct. A large 

. of the remainder 
s the posterior tubules 
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are represent ed by the ductuli aberrantes, and by the paradidymis which is some- 
times found in front of the spermatic cord above the head of the epididymis 
(fig. 230, 0). * J 


Fig. 228.— The broad ligament of an adult, showing the epoophoron. 
(From Farre, after Kobelt.) 



a, a. Epoophoron formed from the upper part of the Wolffian body. 5. Remains of the uppermost 
tubes, sometimes forming appendices, c. Middle set of tubes. <7. Rome lower atrophied tubes. 
e. Atrophied remains of the Wolffian duct. f. Terminal bulb or bydjuk!. h. Uterine tube, originally 
the proximal part of the Miillerian duct. i. Appendix a: inched ■ ■■ i ■■ extremity. 1. Ovary. 


In the female the Wolffian bodies and ducts atrophy. The remains of the 
Wolffian tubules are represented by the epoophoron or organ of Rosenmiiller, and 
the paroophoron, two small collections of rudimentary, blind tubules which are 
situated in the mesosalpinx (fig. 228). 

The lower part of the Wolffian duct Fig. 229.— The urogenital sinus of a female 
disappears, while the upper part persists human embryo, eight and a half to nine 
as the longitudinal duct of the epoophoron weeks old. (From a model by Keibel.) 
or duct of Gartner * (fig. 230, B). MUlcrian duds 

The Miillerian ducts. — Shortly after 
the formation of the Wolffian ducts a 
second pair of ducts is developed ; these 
are named the Mullerian duets. Each 
arises on the lateral aspect of the corre- 
sponding Wolffian duct as a tubular 
invagination of the cells lining the coelom 
(fig. 226). The orifice of the invagination 
remains patent, and undergoes enlarge- 
ment and modification to form the 
abdominal ostium of the uterine tube. 

The ducts pass backwards, and run at 
first lateral to the Wolffian ducts ; to- 
wards the posterior end of the embryo 
they cross to the medial side of the 
Wolffian ducts, and run side by side 
between and dorsal to them — the four ducts forming the genital cord (fig v 229). 
The Mullerian ducts end on the Mullerian eminence , an epithelial elevation in the 
ventral part of the cloaca between the orifices of the Wolffian ducts ; at a later 
date they open into the cloaca in this situation. 

* Berry Hart (op. oik) has described the Wolffian ducts as ending at the site of the future 
hymen in' bulbous enlargements, which he has named the Wolffian bulbs ; and states that the 
hymen is formed by these bulbs, 4 aided by a special involution from below of the cells lining 
the urogenital sinus.’ He further believes that 4 the lower third of the vagina is due to the 
coalescence of the upper portion of the urogenital sinus and the lower ends of the Wolfiian 
ducts,’ and that ‘the epithelial lining of the vagina is derived from the Woman bulbs. He 
also regards the colliculus seminalis of the male urethra as being formed from the lower part 
of the Wolffian ducts. 
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Fig. 230. — Diagrams to show the 
development of the male and female 
a organs from a common 
1 : ■ ■ ' \ Thom s< m . ) 


the embryo previous to sexual distinction. 

3. Ureter. 4. Urinary bladder. 5. Urachus. 
cl. Cloaca, cp. hie vat ion which becomes the 
clitoris (or the penis), i. lower part of the intes- 
tine. gc. Genital cord. h. Fold 0 f inteRument 
from which the scrotum or the labia majora are 
formed. m t m. Right and left MMlorian ducts 
uniting and running with the Wolffian ducts In n t 
t\m genital cord. at. The genital ridge from which 
the ovary or the testis is formed, ug. Sinus 
urogenitalis. W . Left Wolffian body, w iv ihVhf 
and left Wolffian duets. ’ ' '* 


B 



B, — A diagram of the female type 
of sexual organs. 

0. Greater vestibular gland, and 
immediately above It flu* Urethra. 
cc. Corpus cavernoHtimditoridis. dO. 
Remains of the left Wolffian duct, 
persisting as the left duet of Gart- 
ner, represented by dotted lines ; 
that of the right side la marked tv. 

■f Abdominal opening of the left 
uterine tube. q. Round ligament, 
corresponding to the guhenmcubim. 
h. Situation of the hymen, i. Lower 
part of the intestine. /, Labium 
majuH. n. Labium minus, o. I,ct( 
ovary. pn. KpoSphoron. sc. 
Corpus cavernoHum urethra*, u 
Uterus. m . Right uterine tube! 
v. Vulva, va. Vagina. W. Scat- 
tered remains of Wolffian tubes 
forming the parodphoron. 



L.""' A diagram of the male type of?, wexual 
organs, 

C. Bulbourethral gland of ©no side. cp. 
■orpora cavernosa penis cut short, e. Caput 
epididymis. g , Gubornaculum, i. Lower 
part of the intestine, m. Mhllerlan duct, 
the upper part of which remains as the 
appendix testis (hydatid of Morgagni) , the 
lower part, represented by a dotted line 
descending to the prostatic utricle, con- 
stitutes the occasionally existing cornu of 
the utricle, pr. Prostate. #. Scrotum, 
sp. Corpus cavemosum urethrae, <, Testis 
in the place of Its original formation, 
t , together with the dotted lines alcove, 
indicates the direction in which the testis 
and epididymis descend from the abdomen 
into the scrotum, vd. Ductus deferens. 
vh ; Ductnlus aberrans. m Veaicula somi- 
nalis. TF. Scattered remains of the 
Wolffian body. 
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In the male the Mullerian ducts atrophy, but traces of their anterior ends are 
represented by the appendices of the testes (hydatids of Morgagni), while their 
terminal fused portions form the utricle which opens into the floor of the prostatic 
portion of the urethra (fig. 230, C). 

f^e female the Miillerian ducts persist and undergo further development, 
riie portions of the ducts which lie in the genital cord fuse to form the uterus *. 
the parts which are proximal to this cord remain separate, and each forms the 
corresponding uterine tube-— the abdominal ostium of which is developed from the 
anterior extremity of the original tubular invagination from the coelom (fig. 230, B). 
The fusion of the distal parts of the Miillerian ducts begins in the third month, 
and the septum formed by their fused medial walls disappears from behind forwards, 
and thus the cavity of the uterus is produced. In some animals, and occasionally 
in the human subject, the septum persists, giving rise to a bicornuate uterus. About 
the fifth month an annular constriction marks the position of the neck of the uterus, 
and after the sixth month the 


walls of the uterus begin to thicken. 

The vagina is formed from two 
solid extensions from the ends of 
the Mullerian ducts ; these grow 
at first as solid cords which push 
their way towards the urogenital 
septum. The ends fuse with one 
another, and by the breaking 
down of the central cells the cavity 
of the vagina results, and this 
cavity opens on the exterior through 
the urogenital septum ; a portion 
of the septum remains to form the 
hymen. 

The genital glands. The Jirst 

appearance of the genital gland is 
essentially the same in the two 
sexes, and consists of a thickening 
of the epithelial layer which lines 
the celomic cavity on the medial 
side of the urogenital fold (fig. 226). 

The thick plate of epithelium 
{genital epithelium) extends deeply, 
and, pushing the mesoderm before 
it, forms a distinct projection, 
termed the genital ridge (fig. 226). From the latter the testis in the male and the 
ovary in the female are developed. At first the mesonephros and genital ridge 
are suspended by a common mesentery, but as the embryo grows the genital ridge 
is gradually pinched off from the mesonephros, with which it is at first continuous, 
though it still remains connected to the remnant of this body by a fold of 
peritoneum, the ■mesotckium (or mesovarium) (fig. 231). The distinction of sex in 
the genital ridge is perceptible about the seventh week. 

In a 10 mm. embryo the genital gland reaches from about the sixth to the 
twelfth thoracic segment. It subsequently extends as far as the second sacral 
segment, but simultaneously with this caudal extension the cranial three-fourths 
of the gland undergo degeneration. 

The ovary, formed from the genital ridge, is at first a group of cells derived 
from the genital epithelium ; later the group is differentiated into a central mass 
and a layer of surface epithelium (fig. 232). Between the cells of the surface 
epithelium, a number of larger cells, the primitive ova , are found, and these are 
carried into the subjacent stroma by bud-like ingrowths (genital cords) of the surface 
epithelium (fig. 233). The surface epithelium ultimately forms the permanent 
epithelial covering of this organ ; it loses its connexion with the central mass of 
cells' a.nd a tunica albuginea develops between them. The ova are chiefly derived 
from the cells of the central mass ; these cells are separated from one another by 
an irregularly arranged growth of connective tissue ; each ovum assumes a covering 
of connective tissue (follicle) cells, and in this way the rudiments of the ovarian 
follicles are formed (fig. 233). 


Fig. 231. — A transverse section through a 
human embryo, eight and a half to nine 
weeks old. (From a model by Iveibel.) 
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It was formerly supposed that the primitive were derived from the 

ccelomie epithelium covering th-- rr:‘d ridge, hut it ims been shown that in the W ! 
vertebrates at least, they are p- •: formed during tin? inter stages of Veil r-iVav- IV 

Ihey can be distinguished from the somatic ceils b.v tin- large si/e of their iiodie- 
nuclei, and by their cytoplasm which is only faintly granular and has i 10 afi'rhto f 
ordinary stains, but assumes a brownish colour when* treated bv osruie add “in 
primitive germ-cells migrate first into the root of the mesentery mid fronV there" into rh® 
c celomic epithelium covering the genital ridge. A considerable* manlier apparently 4! “ 
reach their pro"®- destination, since ‘ vagrant cerm-rells are found in ah 4m of",- 1 

but more pnrriauiar.y on the mesentery.” Some of these may possiidvfind theirT*’ 
into the germinal ridge; some probably undergo atrophy, while others niav persh-t 
become the seat of dermoid tumours. *” 1 <tlia 

The testis is developed in much the same wav as the ovary. Like the ovirr • 
its earliest stages it consists of a central mass of 'epithelial cells covered by a surface 


Fig. 232— A longitudinal section of the ovary of a cat embryo, 04 cm l„,„r 

(After Coert, from Hertwig’s Handlmch dor Km wickehmsslchre.T 1 



- ln n le cea , tral , luas8 a Herics nt epithelial cords (testis-mnls) appear 
a tunica 'albSi ^ 160 ^ % t} . le P cn I ,hera . 1 l' art of the central mass is converted into 
cpithSmtnfe^d,,l hl ti betweel1 iha test is-eords ami the surface 

the testif tL +k d? the Iat , tor J™” 1 a »X P art »» the formation of the tissue of 
the testis. The thm inner ends of the testis-cords convert towards the future 

£-r d the f «“*•“» il network which ultimately becomes the rete testis. From 

WOl,lkn b ° dy ’ Whid1 ’ - 

in tCSte ? at an carIy I Juri(>d of fo tal life, are placed 

Mphro^hy^^^eritorul^ton^ 01111113 ! T* 7 ’ and each ifi Cached to the meso- 
neparos oy a peritoneal fold, named the mesorchium . From the front of th» 

ter T?h thC **?***• fewaSt^nit 

ana ruse with a pentoneal fold, named the inguinal ered, which grows backwards 

* Beard, Journal of Anatomy and Physiology, voi, xsxviii. 
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from the anterolateral abdominal wall. The testis thus acquires an indirect 
connexion with the anterior abdominal wall ; and at the same time a portion of 
the peritoneal cavity lateral to these fused folds is marked ofi as the future saccus 


Fig. 233.— A section through the ovary of a new-born child. (Waldeyer.) 
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vaginalis. In the inguinal crest a peculiar structure, the gubemaculum testis , 
makes its appearance. This is at first a slender band, extending from that part 
of the skin which afterwards forms the scrotum, through the inguinal canal to the 
body and epididymis of the testis. As development advances, the peritoneum 
enclosing the gubernaculum forms two folds, one above the testis and the other 
below it. The one above the 


testis is the plica vascularis , and 
contains ultimately the testicular 
vessels. The one below, the plica 
giibematrix, contains the lower part 
of the gubernaculum and ends at Epithelium -■ 
the abdominal inguinal ring in a 
tube of peritoneum, the saccus 
vaginali which protrudes down 
the inguinal canal. By the fifth 
month the upper part of the guber- 
naculum has disappeared, while 
the lower part has become a thick 
cord, and consists of a central 
of unstriped muscle-fibres, 


Fig. 234. — A section through a genital cord of 
the testis of a human embryo 3*5 cm. long. 
(Felix and Biihler.) 
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and outside this of a firm layer 
of striped elements, connected with 
the abdominal wall ; as the scrotum 
develops, the main portion o* the 
lower end of the gubernaculum is 
carried, with the skin to which it 
is attached, to the bottom of this 
pouch . The saccus vaginalis px oj ects 
itself downwards into the inguinal 
canal, and emerges at the subcu- 
taneous inguinal ring, pushing before 

it a part of the Obliquus internus and the aponeurosis of the Obliquus externus, 
which form respectively the Cremaster muscle and the intercrural fascia. It forms 
a gradually elongating pouch, which eventually reaches the bottom of the scrotum, 
and behind this pouch the gubernaculum lies. The testis, being attached by the 
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gubernaculum to the bottom of the scrotum, passes first into the inguinal canal 
and eventually into the scrotum, invaginating the saceus vaginalis from behind. 
It seems certain also that the gubernaeular cord becomes shortened as development 
proceeds, and this assists in causing the testis to reach the bottom of the scrotum. 
By the end of the eighth month the testis has reached the scrotum, and the upper 
part of the saceus vaginalis is converted into a narrow canal which is obliterated 

a short time after birth, and tins o blit; era - 
Fig. 235. — The tail-end of a human tion extends gradually downwards to 

embryo, twenty-five to twenty-nine within a short distance of the testis, 

days old. (From a model by The lower part of the saceus vaginalis 

Keibel.) is thus entirely cut off from the general 


Wolffian duct Kidney diverticulum 



peritoneal cavity and constitutes the 
parietal portion of the hhtica Mtyntfrfls. 
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and contracts adhesions to this nruan. 
The part- of the guoernueulum between 
the ovary ami dm uterus becomes the liga- 


ment of the ovary, the part between the 
uterus and the labium mu jus the round ligament of the uterus : a pouch of peri- 
toneum analogous to the saceus vaginalis in the male aeeompuiiho it along the 
inguinal canal ; it is called the muni of X uel\ 


Applied Anatomy . — Sometimes tin* testes arc retained within the abdomen or inguinal 
canal, constituting what is known as crypt orchtsmns. In the female, in rare oee , the 
gubernaculiun fails to contract: adhesions to the uterus, and then the ovary .{eseend* 
through the inguinal canal into the labium majus, and its prifitimi resembles that uf the 
testis. 


The metanephros and the permanent kidney.- Thu rudiment- of tin* permanent 

kidneys make their appearance about the end of the first or the beginning of the 
second month. Each kidney has a 

twofold* origin, part arising from Fm. WMW The mil. -ml uf n human 

the r 'U vi 'i:!!.y hr and part as a embryo, thirty* two t.u thirty-dime 

diwrd'-ui i:.; from the hind-end of jays ol<i. I From a model by 

the Wolffian duet close to where 
the latter opens into the cloaca 
(tigs. 235, 236). The metanephros 
arises in the intermediate cell- 
mass, caudal to the mcsoncphivo 
which it resembles in structure. 

The diverticulum from the Wolffian 
duct grows dorsal wards and cranial- 
wards along .the posterior abdo- 
minal wall, where its blind extre- 
mity expands and subsequently 
divides into several buds, which 
form the rudiments of the pelvis 
and calyces of the kidney ; the 
collecting tubules are developed by 
continued growth and subdivision of the buds. The proximal portion of the 
diverticulum becomes the ureter. The secretory tubules are developed from the 
metanephros, which is moulded over the growing end of the diverticulum from 
the Wolffian duct. The tubules of the metanephros, unlike those of the pronephros 
and mesonephros, do not open into the Wolffian duct. One end of each tubule 
expands to form a glomerulus, while the remainder rapidly elongates to form the 
convoluted tubule, the loop of Henle, and the junctional tubule ; the last joins 
and establishes communication with one of the. collecting tubules which are derived 
.from the ultimate ramifications of the diverticulum from the Wolffian duet. The 
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mesoderm around the tubules is condensed to form the connective tissue of the 
% The ureters open at first into the hind-end of the Wolffian ducts; but 
after the sixth week they open independently into the part of the cloaca which 
ultimately becomes the bladder 


Fig. 237. — The tail-end of a human 
embryo, eight and a half to nine 


weeks old 7 
Keibel.) 


(From 


a model by 


Ureter 


(figs. 237, 238). 

The secretory tubules of the 
kidney are arranged into pyramidal 
masses or lobules, the bases of 
which are at the surface of the 
kidney, while their apices constitute 
the renal papillae. The lobulated 
condition of the kidneys exists for 
some time after birth and traces of 
it may be found in the adult. The 
kidneys of the ox and many other 
animals remain lobulated throughout 
life. 

The urinary bladder is formed 
partly from the entodermal cloaca 
and partly from the ends of the 
Wolffian ducts. After the separation 
of the rectum from the dorsal part 
of the cloaca (p. 142), the ventral 
part of the latter becomes subdivided 
into three portions : (1) a dorsal 
vesico-iirethrol 'portion , continuous 

with the allantois — into this portion the Wolffian ducts open ; (2) an intermediate 
narrow channel, the pelvic portion ; and (3) a ventral broad phallic portion , closed 
externally by the urogenital membrane (fig. 238). The second and third parts 
together constitute the urogenital sinus. The vesico-urethral portion incorporates 
the hind-ends of the Wolffian ducts and the associated ends of the renal diverticula, 
and these give rise to the trigone of the bladder and part of the prostatic urethra. 
The remainder of the vesico-urethral portion forms the body of the bladder and part 
of the prostatic urethra ; its apex is prolonged to the umbilicus as a narrow canal, 
which later is obliterated and becomes the medial umbilical ligament (urachus). 



Fig. 238. — The primitive kidney and the bladder, from a reconstruction. (After 
Schreiner.) (From Quain’s Elements of Anatomy, vol. i., Embryology.) 



. The prostate originally consists of two separate portions, each of which arises 
as a series of buds from the epithelial lining of the urogenital sinus and vesico- 
urethral part of the cloaca, between the third and fourth months. These buds. 
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become tubular, and form the glandular substance of the two lobes which ultimately 
meet and fuse behind the urethra and also extend on to its ventral aspect. The 
isthmus or middle lobe is formed as an extension of the lateral lobes between the 
common ejaculatory ducts and the bladder. In the female the urethral glands 
which open into the para-urethral ducts (Skene's ducts) are believed to be the 
homologues of the prostatic glands. 


Fig. 239. — Stages in the development of the external sexual organs in the male 
and female. (From the Ecker- Ziegler models.) 
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The bulbo-urethral glands of Cowper in the male, and greater vestibular glands 
of Bartholin in the female, also arise as diverticula from the epithelial lining of the 
urogenital sinus* 

The external organs of generation (fig. 239).— As already stated (p. 142), the 
cloacal membrane, composed of ectoderm and entoderm, originally readies from 
the umbilicus to the tail. The mesoderm extends to the midventral line for some 
distance behind the umbilicus, and forms the lower part of the abdominal wall ; 
it ends below in a prominent swelling, tbe cloacal tubercle . Behind this tubercle 
the urogenital part of the cloacal membrane separates the ingrowing sheets of 
mesoderm. 
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The first rudiment of the penis (or clitoris) is a structure termed the -phallus ; it is 
derived from the phallic portion of the cloaca which has extended on to the end and 
sides oi the under surface ox the cloacal tubercle. The terminal part of the phallus 
representing the future glans penis, becomes solid ; the remainder, which is hollow, is 
converted into a longitudinal groove by the absorption of the urogenital membrane. 

In the femme a deep groove forms around the phallus and separates it from the 
rest of the cloacal tubercle, which is now termed the genital tubercle . The sides of 
the genital tubercle grow backwards as the genital swellings , which ultimately form 
the labia inajora ; the tubercle itself becomes the mons pubis. The labia minora 
arise by the continued growth of the lips of the groove on the under surface of 
the phallus ; the remainder of the phallus forms the clitoris. 

In the male the early stages are similar, but the pelvic portion of the cloaca 
undergoes much greater development, pushing before it the phallic portion. The 
genital swellings extend round between the pelvic portion and the anus, and form 
a scrotal area ; during the changes associated with the descent of the testes this 
area is drawn out to form the scrotal sacs. The penis is developed from the phallus. 
As in the female, the urogenital membrane undergoes absorption, forming a channel 
on the under surface of the phallus ; this channel extends only as far forwards 
as the corona glandis. 

The corpora cavernosa of the penis (or clitoris) and of the urethra arise from 
the mesodermal tissue in the phallus ; they are at first dense structures, hut later 
vascular spaces appear in them, and they gradually become cavernous. 

The prepuce is formed by the growth of a solid plate of ectoderm into the 
superficial part of the phallus ; on coronal section this plate presents the shape of 
a horseshoe. By the breaking down of its more centrally situated cells the plate 
is split into two lamellae, and a cutaneous fold, the prepuce, is liberated which 
forms a hood over the glans. 6 Adherent prepuce is not an adhesion really, but 
a hindered central desquamation ’ (Berry Hart, op. tit.). 

The urethra. As described above, in both sexes the phallic portion of the 
cloaca extends on to the under surface of the cloacal tubercle as far forwards as 
the apex. At the apex the walls of the phallic portion come together and fuse, the 
lumen is obliterated, and a solid plate, the urethral plate , is formed. The remainder 
of the phallic portion is for a time tubular, and then, by the absorption of the 
urogenital membrane, it establishes a communication with the exterior ; this opening 
is the primitive urogenital ostium , and extends forwards to the corona glandis. 

In the female this condition is largely retained ; the portion of the groove on 
the clitoris broadens out while the body of the latter enlarges, and thus the adult 
urethral opening is situated behind the base of the clitoris. 

I n the male, by the greater growth of the pelvic portion of the cloaca a longer 
urethra is formed, and the primitive ostium is carried forwards with the phallus, 
hut it still ends at the corona glandis. Later the groove closes from behind forwards. 
Meanwhile the urethral plate of the glans breaks down centrally to form a median 
groove continuous with the primitive ostium. This groove also closes from behind 
forwards, so that the external urethral opening is shifted forwards to the end of 
the glans penis. 

THE FORM OF THE EMBRYO AT DIFFERENT STAGES OF ITS GROWTH. 

During the first week the ovum is in the uterine tube. Having been fertilised in the 
upper part of the tube, it passes slowly along the tube — undergoing segmentation meanwhile 
— and ultimately reaches the uterus. Peters * described a specimen, the age of which he 
reckoned as from three to four days, but which was probably about fourteen days.f It 
was embedded in the decidua on the posterior wall of the uterus and enveloped by a decidua 
capsularis, the central part of which, however, consisted merely of a layer of fibrin. The 
ovum was in the form of a sac, the outer wall of which consisted of a layer of trophoblast ; 
inside this was a thin layer of mesoderm composed of round, oval, and spindle-shaped 
cells. Numerous villous processes — some consisting of trophoblast only, others possessing 

a core of mesoderm projected from the surface of the ovum into the surrounding decidua. 

Inside this sac the rudiment of the embryo was found in the form of a patch of ectoderm, 
covered by a small but completely closed amnion. It possessed a minute archenteron 

* Hubert Peters, Die JSinbettung des menschlichen Dies, 1899. 

f Bryce and Teacher {Early Development and Imbedding of the Human Ovum , 1908) describe 
an ovum, the age of which they estimate at 13 to 14 days ; they are of opinion that the age of 
Peters* ovum has been greatly understated, and should he reckoned as from 13$ to 14$ days. 
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and was surrounded by mesoderm, which was connected by a hand to the mesoderm 
lining the trophoblast (Eg. 94). 

By the third week the cephalic and caudal folds of the embryo are evident ; the neural 
groove is partly closed, and six or seven pairs of primitive segments are present (fig. 83). 

Fig. 240. — A human embryo, 2-6 nun. long. ( His.) 



Body -stalk 


In the fourth week the embryo is about 2*5 mm. long, and thirty pairs of primitive 
segments are differentiated. The brain- vesicles and the rudiment of the auditory vesicle 
are visible (Egs. 240, 241). 

In the fifth week the embryo is markedly curved on itself ; the stomoduuim and the 
branchial grooves are developed; the lens- rudiment is separated from the ectoderm and 
forms a closed vesicle; the rudiments of the limb- buds and of the Wo! than bodies are 
visible. The crown-rump length of the embryo — i.e. the length from the vertex of the 
head to the lowest part of the breech— is about 5 nun, 


Fig. 241. — A human embryo, 4*2 mm. long. (His.) 



Body-stalk 


By the sixth week the third and fourth branchial arches have receded from the surface, 
and form the Eoor of the sinus cervicalis which is covered in front by the hyoid arch. The 
medial and lateral nasal processes are separated by the olfactory pits ; the globular processes 
are approaching one another ; the maxillary processes are growing forward to fuse with the 
1 ateral nasal and globular processes. The three segments of each limb-bud can be recognised 
— the development of the fore-limb being always in advance of that of the hind-limb. 
Towards the end of this month the rudiments of the fingers and toes are evident, and the 
crown-rump length is about 11 mm. 
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In the seventh and eighth weeks the flexure of the head is gradually reduced and the 
neck is somewhat lengthened. The upper lip is completed and the nostrils are directed 
forwards ; the palate is not completely developed. The eyelids are present in the shape 
of folds above and below the eye, and the different parts of the auricula are distinguishable. 
By the end of the eighth week the crown-rump length of the foetus is about 25 mm. 

Fig. 242.-— A human embryo, about 10 mm. long. (His.) 


Heart 



In the third month the head is extended and the neck is lengthened. The eyelids meet 
and fuse, remaining closed until the end of the sixth month. The limbs are well developed 
and nails appear on the digits. The external generative organs are so far differentiated 
that it is possible to distinguish the sex. By the end of this month the crown-rump length 
of the foetus is about 10 cm. 

In the fourth month the loop of gut which projected into the umbilical cord is withdrawn 
within the foetus. The hairs begin to make their appearance. By the end of the fourth 
month the crown-rump length of the foetus is about 14 cm., and the total length i.e. 
including the legs — about 22 cm. 


Fig. 242. — A human embryo, about 11 mm. long. (His.) 


Heart 



During the fifth month the first movements of the foetus are usually observed. The 
eruption of hair on the head commences, and the vernix caseosa begins to be deposited. 
By the end of this month the total length of the foetus is nearly 30 cm 

In the sixth month the body is covered by fine hairs (I lanugo ) *h®depont of : verms 

caseosa is considerable. The papill® of the skin are developed and the fie > bordew of the 
nails project from the corium of the dermis. From vertex to heels 

foetus' at the end of this month is about 33 cm. The weight is about 1 kilograi . . 

In the seventh month the pupillary membrane atrophies and the ' eyefcds are open. 
The testis descends with the vaginal sac of the peritoneum. From vertex to heels tha total 
length at the end of the seventh month is about 40 cm. The weight is about 1 5 kilo D rams. 



162 


EMBRYOLOGY 


i- , c ’ 1 . ° , - .o uitm ij matt'u (Vitn vprmx caa 

be g ins to disappear. Subcutaneous fat has been developed to a eon« 
the foetus presents a plump appearance. The total length. U. f,-on 1 
end of the eighth month is about 4a cm., and the weight varies between 


kilo^rj-ams 


Fig. 244. A human embryo, about hr 5 


Umbilical coni 



Fig. 245. A human embryo, about 25 mm. long 
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T HE general framework of the body is built up mainly of a series of bones, 
supplemented in certain regions by pieces of cartilage ; this bony and 
cartilaginous framework constitutes the skeleton. 

In conrparative anatomy the term skeleton has a wider application, since 
in some of the lower animals hard, protecting and supporting structures are 
developed in association with the integumentary system. In such animals 
the skeleton consists of an internal or deep skeleton, the endoskeleton, and an 
external or superficial, the exoskeleton. In the human subject the oxeskeleton 
is very rudimentary, its only important representatives being the nails and 
the enamel of the teeth, and therefore, in human anatomy, the term skeleton is 
confined to the endoskeleton ; this is divisible into an axial part, which includes 
the bones of the head and trunk, and an appendicular part, which comprises 
those of the extremities or limbs. The minute structure and the physical 
properties of bone are described on pages 17 to 25. 

In the skeleton of the adult there are 206 bones, grouped as follows : 


(Vertebral column .... 26 

Axial I Skull 22 

Skeleton I Hyoid bone 1 

l Ribs and sternum .... 25 

— 74 

Appendicular (Upper extremities .... 64 

Skeleton \ Lower extremities 62 

— 126 

Auditory ossicles .... 6 

Total . . . 206 


Bones are divisible into four classes ; long , short, flat, and irregular. 

The long" bones are found in the limbs, where they form levers ; each 
consists of a body or shaft and two ends. The body or shaft is tubular, 
with a central cavity termed the medullary cavity ; the wall consists of dense, 
compact substance of considerable thickness in the middle part of the body 
of the bone, but becoming thinner towards the ends ; projecting into the 
medullary cavity is some spongy substance, scanty in the middle of the body 
of the bone, but plentiful towards the ends. The ends are usually expanded, 
for purposes of articulation and muscular attachment ; they consist of spongy 
substance covered by thin compact bone, and are usually developed from 
one or more secondary or epiphysial centres of ossification. The medullary 
cavity and the spaces in the spongy substance are filled with marrow (medulla 

asswm). bones.— Where a part of the skeleton is intended for strength 

and compactness combined with limited movement, it is constructed of a 
number of short bones, as in the carpus and tarsus . These bones consist or spongy 
substance surrounded by a thin crust of compact bone. . . , 

The flat bones.— Where the principal requirement of the skeleton is to 
protect delicate structures or provide broad surfaces for muscular attachment, 
the bones are expanded into plates, as in the skull and the scapulae, and are 
composed of two thin layers of compact bone separated by a variable quantity 
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of spongy substance. In the cranial bones, the layers of compact bone are 
familiarly known as the tables of the skull ; the outer table is thick and tough, 
the inner thin, dense, and brittle. The intervening spongy substance is called 
the diploe, and this, in certain regions of the skull, undergoes absorption, and 
spaces filled with air (air-sinuses) are left between the two tables of f he skull. 

The irregular bones, from their peculiar form, cannot be grouped under 
the preceding heads. They consist of spongy substance enclosed within a 
thin layer of compact bone. 

Surface of bones. — On the surfaces of the bones there are eminences and 
depressions, either articular or non- articular. Examples of articular eminences 
are the heads of the humerus and femur ; and of articular dfpn .<xinns t he glenoid 
cavity of the scapula, and the acetabulum of the hip-bone. Son-articular 
eminences are designated according to their form. Thus, a broad, rough, 
uneven elevation is called a tuberosity , trochanter , protuberance , or process ; a 
small, rough prominence, a tubercle ; a sharp, slender, pointed eminence, a spine ; 
a narrow, rough elevation of some length, a ridge, crest , or line. Son-articular 
depressions are also of variable form, and arc described as fossae, pits , depressions , 
grooves , furrows , fissures , notches , Sc. 


THE VERTEBRAL COLUMN (COLUMN A VIMiTEBKALIS) 

The vertebral column (fig. 277) is a ficxuous and flexible column, formed 
of a series of bones called vertebra a which are united to one anot her by inter- 
vertebral fibroeartilages. The bones are thirty-three in number, and are 
grouped under the names cervical , thoracic , lumbar , sacral , and coccygeal, 
according to the regions they occupy; there are seven cervical vertebrae, 
twelve thoracic, five lumbar, five sacral, and four coccygeal 

The cervical, thoracic, and lumbar vertebrae are separate bones throughout 
life, and are therefore known as movable vertebra ; the sacral and coccygeal 
vertebrae, on the other hand, are termed fixed vertebra, because they are 
united in the adult to form two bones, viz. the sacrum and coccyx , formed 
respectively by the fused sacral and coccygeal vertebra. 


The General Ohara cte rest i < \s of a Vertebra 

With the exception of the first and second cervical, the movable vertebra 
have certain common characteristics which are best studied by examining 
one from the middle of the thoracic region. 

A typical vertebra (fig. 246) consists of two principal parts, an anterior, 
the body, and a posterior, the vertebral arch ; these enclose a foramen, the 
vertebral foramen . 

In the articulated vertebral column the bodies form a pillar for the support 
of the head and trunk, and the vertebral foramina constitute a canal in which 
the medulla spinalis or spinal cord is lodged and protected. Between every 
pair of vertebra are two intervertebral foramina , one on either side, for the 
transmission of the spinal nerves and vessels. 

The body of a vertebra is more or less cylindrical in shape ; its upper 
and lower surfaces are flattened and rough, and give attachment to the inter- 
vertebral fibroeartilages, and each presents a rim around its circumference. 
In front, it is convex from side to side and concave from above downwards ; 
behind, it is slightly concave from side to side and flat from above downwards, 
On its anterior surface are a few small apertures for the passage of nutrient 
vessels; on its posterior surface is a large, irregular aperture (occasionally 
more than one) for the exit of the basivertebral veins from the body of the 
vertebra. 

The vertebral arch consists of a pair of pedicles or roots and a pair of 
laminae ; it supports seven processes , viz. four articular , two transverse and one 
spinous. 

The pedicles or roots of the vertebral arches , are two short, thick processes, 
which project backwards from the body, at the junctions of its lateral and 
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posterior surfaces. The concavities above and below the pedicles are named 
the vertebral notches ; . and when the vertebra are articulated with one another, 
the notches of contiguous pairs form the intervertebral foramina, already 
referred to. . “ 

The laminae are two broad plates directed backwards and medial wards 
from the pedicles. They fuse in the middle line posteriorly, and so complete 

Fig. 246. — A typical thoracic vertebra. Superior aspect. 


process 


Spinous process 

the posterior boundary of the vertebral foramen. Their upper borders and 
the lower parts of their anterior surfaces are rough for the attachment of the 
ligamenta ftava. ~ 

The spinous process is directed backwards and downwards from the junction 
of the laminae, and serves for the attachment of muscles and ligaments. 

The articular processes , two superior and two inferior, spring from the 
junctions of the pedicles and Jaminse. The superior processes project upwards, 
and their articular surfaces are directed more or less backwards ; the inferior 
project downwards, and their articular surfaces look more or less forwards. 

The transverse processes project lateralwards from the junctions of the 
pedicles and lamina ; 

they sei ve for the attach- p IG< 247 . — a sagittal section through a lumbar vertebra, 

ment of muscles and 
ligaments. 

Structure of a vertebra 

(fig. 247). — The body of a 
vertebra is composed of 
spongy substance covered 
by a thin coating of com- 
pact bone ; the latter is 
perforated by numerous 
orifices for the passage of 
vessels ; the interior of the 
body is traversed by one or 
two large canals, for the 
reception of veins, which 
converge towards the large 
aperture on the posterior surface of the body. The vertebral arch and the processe 
projecting from it have thick coverings of compact substance. 

The Cervical Vertebrae (Vertebras Cervicales) 

The cervical vertebrae (figs. 248, 249), seven in number, are the smaller 
of the movable vertebrae, and can be readily distinguished from the thoracic oi 
lumbar vertebrae by the presence of a foramen in each transverse process, 
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. , ^ e second, and seventh cervical vertebra present exceptional W, 
hut the foUowmg characteristics arc common to the remaining f o r f ‘'"' es ’ 
The body is small, and broader from side to side than from beW 1 , 

The anterior and posterior surfaces are flattened and of equa depth ^ 
anterior surface is placed on a lower level than the posterio a , £ £ the 

border is prolonged downwards, so as to overlap the nonet- “ n “ :ri °r 

succeeding vertebra. The superior 


Fig. 248.- 

Ant trior tubercle of 
transverse process 
Fora m en t ransversarium 

Posterior tubercle of 
, transverse process 


-A typical cervical vertebra. Superior aspect. 



.•Superior articular 
•process 

.inferior articular 
prmo.es 


-i - -*■« 

laterally shallmv concavities tvhich reccivelhe ,r . “ ¥>."*• P«i 

vertebra. The pedicles are directed lateral wi rd - J . Ct ’ i”? ’V s tJl ° su kj a «‘nt 

attached to the body midway between its miner anil lif' 1 H ack , w ’ ards ; th ©y are 

the superior and inferior vertebral notches 1 are of L,S “JJ* 1 therof ? rc 

notch is, however, the narrower. The lnmiv/v *.«. 1 ut ] ,Ul > the superior 
than below; the vertebral foramen is lnr*‘ 2JJ “^’t *•’ Oire thinner above 
spinous process is short and bifid, and its terminal tub -ref ‘ g * r f< ™- The 
size. The superior and inferior articular processes of , itf , -T’ wft , n ° f un<f< l ual 

an articular pillar, which projects latemfwards from tb • 8ld f. are f ' l8ed to form 
and lamina. The nrticnhlr fleets X* tilTsT ” ***> 

1 v <u 1() nn , t iH* superior 


Fio. 249— A typical cervical vertebra. J A , 


ft hit tanl a.sptvL 

'Superior articular surface. 

Articular pillar 


Body 

Anterior tubercle of- 
transverse process 


Sulcus for nerve 



roster tor tubercle of 
transverse process 


Spinous process 


downwards, and 8^^ ’ th f forwards, 

the_ lateral surfaces "of the arttcular pillars tl “ Tt iomth vertebra 
dation of the medial branches of the^noaterlor j? r ? 0 . ve< * *© r the accommo- 

the vertebral artery and vein and a ^£,1?™^““^ 

•S-. Wood Jones, Journal of Anally and Physiology, vol. xtvi., 191I . 
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process consists of an anterior and a posterior part. The anterior portion is 
the homologue of the rib in the thoracic region, and is therefore named the 
costal process ; it arises from the side of the body, is directed lateralwards in 
front of the foramen, and ends in a tubercle, the tuberculum anterius. The 
posterior part, the true transverse process, springs from the vertebral arch 
behind the foramen transversarium, and is directed forwards and lateralwards ; 
it ends in a flattened vertical tubercle, the tuberculum posterius . Lateral to 
the foramen transversarium the anterior and posterior tubercles are united by 
a curved bar of bone, the groove or sulcus on the upper surface of which 
accommodates the anterior division of the corresponding spinal nerve. This 
sulcus is deeper, wider, and more downwardly directed in the fifth and sixth 
than in the third and fourth vertebras.* 

Chassaignae pointed out that the common carotid artery can be compressed against 
the anterior tubercle or the transverse process of the sixth cervical vertebra; this tubercle 
therefore is named the tuberculum caroticum or Chassaignae'* s tubercle . It also con- 
stitutes an important guide to the vertebral artery. 

The first cervical vertebra (fig. 250) is named the atlas because it 
supports the globe of the head. Its chief peculiarity is that it has no body, and 


Fig. 250. — The first cervical vertebra, or atlas. Superior aspect. 



this is due to the fact that the body of the atlas has fused with that of the second 
cervical vertebra. It has no spinous process but is ring-like, and consists of an 
anterior and a posterior arch and two lateral masses. The anterior arch forms 
about one-fifth of the ring : its front surface is convex, and at its centre is the 
anterior tubercle for the attachment of parts of the Longus colli muscles ; 
posteriorly it is concave, and marked by a smooth, oval or circular facet (fovea 
dentis), for articulation with the anterior surface of the dens or odontoid process 
of the epistropheus or axis. The upper and lower borders respectively give 
attachment to the anterior atlanto-occipital membrane and the anterior atlanto- 
epistropheal ligament ; the former connects the atlas with the occipital bone, the 
latter the atlas with the epistropheus. The posterior arch forms about two-fifths 
of the ring : at the centre of its posterior surface is the posterior tubercle, which 
is the rudiment of a spinous process and gives origin to the Recti capitis 
posteriores minores. The small size of this process prevents it from interfering 
with the movements between the atlas and the skull. The upper edge of the 
central part of the posterior arch is rounded and affords attachment to the 
posterior atlanto-occipital membrane, while immediately behind the superior 
articular process of each lateral mass is a groove, the sulcus arteries vertebralis, 
sometimes converted into a foramen by a bony spiculum which arches backwards 
from the posterior end of the superior articular process. This sulcus lodges 

* The costal dement of a cervical vertebra not only includes the portion which springs from 
the side of the body, but the anterior and posterior tubercles and the bar of bone which connects 
these tubercles (fig. 108). 
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the vertebral, artery which, after ascending through the foramen in the transverse 
process of the atlas, winds round the lateral mass in a direction backwards 
and medialwards ; it also lodges the suboccipital or first spinal nerve. On 
the under surface of the posterior arch, behind the inferior articular facets, 
are the two shallow vertebral notches. The lower border of the posterior 
arch gives attachment to the posterior atlanto-epistropheal ligament. 

The lateral masses support the weight of the head ; each contributes about 
one-fifth of the ring, and carries two articular facets, a superior and an inferior. 
The superior articular facets are large, oval, and concave ; they approach 
each other in front, but diverge behind ; they are directed upwards, medial- 
wards, and a little backwards, and form cups for the reception of the condyles 
of the occipital bone, and are admirably adapted to the nodding movements 
of the head ; occasionally they are constricted near their centres. Just below 
the medial margin of each superior facet is a small tubercle, for the attachment 
of the transverse ligament of the atlas ; this ligament divides the ring of the 
atlas into two unequal parts — the anterior, smaller part receiving the dens 
or odontoid process of the epistropheus, the posterior transmitting the medulla 
spinalis and its membranes. The inferior articular facets, nearly circular 
in form, are flattened or slightly concave ; they are directed downwards and 
medialwards, and articulate with the superior facets of the epistropheus. 
The transverse processes are long and project lateral wards and downwards 
from the lateral masses ; the anterior and posterior tubercles of each process 
are fused into one mass. The foramen f ransversarium is large and is directed 
upwards and backwards. 

The second cervical vertebra or epistropheus (axis) (tigs. 251, 252) 
forms the pivot upon which the atlas, carrying the head, rotates. The chief 

characteristic of this bone 

Fig. 251. — The second cervical vertebra, or epistropheus. is the strong tooth-like 
Posterosuperior aspect. process, the dens, which 



projects perpendicularly 
from the upper surface of 
the body. 'The body is 
deeper in front than 
behind. On its anterior 
surface is a median ridge, 
s< ‘ pa ri it in g t w o dopres - 
sions for the attachment 
of portions of the Longus 
colli muscles. Its inferior 
surface is concave from 
before backwards and 
convex from side to side. 
The dens (odontoid pro- 
cess), conical in shape, is 
about 1*5 cm. long,' and 
exhibits a slight constric- 
tion, or neck, where it 
joins the body. On its 
anterior surface is an 


* S'P ltlaus process oval or nearly circular 

, , , . , facet for articulation with 

that on the posterior surface of the anterior arch of the atlas. On the back of 
the neck, and frequently extending on to its lateral surfaces, is a shallow groove 
for the transverse ligament of the atlas, which retains the dens in position. The 
apex is pointed, and gives attachment to the Jigamentum apieis dentis ; below 
the apex, the process is somewhat enlarged and presents on either side a rough 
impression for the attachment of the alar ligaments which connect the dens 
Y' e 4 pfi? ip i ta i bone ‘ Tlxe internal structure of the dens is more compact than 
that of the body. The pedicles are broad and strong, especially in front, where 
they fuse with the sides of the body and the base of the dens. They are covered 
above by the superior articular surfaces. The laminae are thick and strong, 
and the vertebral foramen is large, but smaller than that of the atlas. The 
transverse processes are very small; each ends in a sinde «yw* - 
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perforated by the foramen transversarium which is directed upwards and lateral- 
wards. The superior articular surfaces are circular, slightly convex, directed 
upwards and a little lateralwards, and are supported on the body, pedicles, and 
transverse processes ; the inferior have the same direction as those of the typical 
cervical vertebra*. The superior vertebral notches are very shallow, and lie 


Fig. 252.- — The second cervical vertebra, or epistropheus. Right lateral aspect. 


Dens 



behind the articular processes ; the inferior are in front of the articular processes, 
as in the typical cervical vertebra. The spinous process is large and very 
strong ; it is deeply channelled on its under surface, and has a bifid, tuberculated 
extremity. 

The seventh cervical vertebra (fig. 253). — This vertebra is named the 
vertebra promimns because of its long and prominent spinous process. This 
process is thick, and nearly horizontal in direction ; it is not bifurcated, but 
ends in a tubercle to which the lower end of the ligamentum nuchse is attached. 


Fig. 253.- 


-The seventh cervical vertebra. 
Superior aspect. 


Body 


The transverse processes are 
of considerable size, and 
their posterior roots are 
large and prominent ; the 
anterior roots are usually 
small and faintly marked, 
but occasionally they exist 
as separate bones, which 
extend lateralwards and 
forwards, and are known 
as cervical ribs. The upper 
surface of each transverse 
process has usually a shal- 
low sulcus for the seventh 
cervical nerve, and the 
extremity of the process 
seldom presents more than 
a trace of division. The 
superior articular facets 
look almost directly back- 
wards. The foramen trans- 
versarium is generally 
smaller than that in the 
other cervical vertebra* ; 
rarely it is double, some- 
times it is absent. On the 

left side it occasionally gives passage to the vertebral artery ; sometimes the 
vertebral vein traverses it on both sides ; but as a rule the artery and vein pass 
in front of the transverse process. 
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The Thoracic Vertebra ( Vertebra Thoracai.es) 

The thoracic vertebras (fig. 254) , twelve in number, increase successively 
in size from above downwards. All are distinguished by the presence of facets 
on the sides of the bodies, and ail but the two lowest by facets on the transverse 
processes ; the former articulate with the heads of the ribs, the latter with the 
tubercles of the ribs. 

The first, ninth , tenth , eleventh , and twelfth thoracic vertebras present certain 
peculiarities, and must be specially considered (fig. 2 55). 

In a typical vertebra from the middle of the thoracic region the body is 
heart-shaped, and its anteroposterior and transverse diameters are about 
equal. It is slightly thicker behind than in front, fiat above and below, convex 
from side to side in front, deeply concave behind, and slightly constricted 
laterally and in front. On either side are two costal facets, a superior, the 

Fig. 254 .— A typical thoracic* vertebra. Right lateral aspect. 



larger, near the root of the pedicle, and an inferior in front of the inferior 
vertebral notch ; in the articulated vertebral column these facets form, with 
the intervertebral fibrocartilages, oval surfaces for the reception of the heads 
of the ribs. The pedicles are directed backwards and slightly upwards, and 
the inferior vertebral notches are of large size, and deeper than those of the 
cervical or lumbar vertebrae. The lamince are broad and thick, and overlap 
those of subjacent vertebrae like tiles on a roof. The vertebral foramen is smaller 
than that of a cervical or lumbar vertebra, and is of a circular form. The 
spinous process is long, triangular on coronal section, directed obliquely down- 
wards, and ends in a tuberculated extremity. The spinous processes overlap 
from the fifth to the eighth, but are less oblique in direction above and below 
these levels.* The superior articular processes are thin plates of bone projecting 
upwards from the junctions of the pedicles and laminae ; their articular facets 
are almost flat, and are directed backwards and a little lateralwards and upwards. 
The inferior articular processes are fused to a considerable extent with the 
laminae, and project but slightly beyond the lower borders of the latter ; 
their facets are directed forwards and a little medialwards and downwards. 

* In quadrupeds the majority of the spinous processes of the thoracic vertebrae project 
upwards and backwards, while those of the lumbar region are directed upwards and forwards. 
The change in inclination is effected in one of the lower thoracic vertebrae, the spine of which 
points almost directly upwards. This vertebra is known as the anticlinal , and in man its 
representative is the eleventh thoracic. 
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The transverse processes arise from the arch behind the superior articular pro- 
cesses and pedicles ; they are thick, strong, and of considerable length, directed 
obliquely backwards and lateralwards, and each ends in a clubbed extremity, 
on the front of which is a small costal facet, for articulation with the tubercle 
of a rib. In the upper six thoracic vertebrae the costal facets are concave, 


Fig. 255.— The first, ninth, tenth, eleventh and twelfth thoracic vertebra;. 
Eight lateral aspect. 



i St ( (Circular facet above, 
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Sc /hi circular facet above 
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One circular facet 

transverse 
process 

y .\ \ Inferior artic. processes 
convex and turned 


V lateralwards 


and are placed on the anterior surfaces of the transverse processes ; in the 
vertebrae from the seventh to the tenth inclusive the costal facets are flat and 
placed on the upper surfaces of the transverse processes. 

The first thoracic vertebra (fig. 255) has on either side of the upper part 
of the body a complete facet for the head of the first rib, and at the lower part 
of the body a small facet for the upper half of the head of the second rib. The 
body resembles that of the seventh cervical vertebra, being broad transversely, 
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while its upper surface is concave in the same direction, and lipped on either 
side. The superior articular surfaces are directed upwards and backwards ; 
the spinous process is thick, long, and almost horizontal. The transverse 
processes are long, and the superior vertebral notches are deeper than those 
of the other thoracic vertebrae. 

The ninth thoracic vertebra (fig. 255) may have no inferior costal facets, 
but in some cases these are present. 

The tenth thoracic vertebra (fig. 255) has usually a complete costal facet, 
placed partly on the lateral surface of the pedicle, for the head of the tenth rib* 
but the facet for the head of this rib is sometimes completed by the body of the 
ninth vertebra. 

In the eleventh thoracic vertebra (fig. 255) the body approaches in form 
and size those of the lumbar vertebra. The facets for the heads of the eleventh 
pair of ribs are large, and placed chiefly on the pedicles, which are thicker and 
stronger in this and the next vertebra than in other parts of the thoracic region. 
The spinous process is short, and nearly horizontal in direction. The transverse 
processes are very short, tuberculated at their extremities, and have no costal 
facets. 

The twelfth thoracic vertebra (fig. 2 55) has the same general charac- 
teristics as the eleventh, but may be distinguished from it by its inferior articular 
surfaces which are convex and directed iateral wards like those of the lumbar 
vertebra ; by the body, lamina, and spinous process, which resemble those of 
the lumbar vertebra ; and by each transverse process being a short irregular 
knob subdivided into superior, inferior, and lateral tubercles; the superior 
and inferior tubercles correspond to the mamillary and accessory processes 
of the lumbar vertebra. Traces of similar tubercles are found on the transverse 
processes of the tenth and eleventh thoracic vertebrae. 


The Lumbar Vertkbrje (Vertebras Lumbales) 

The lumbar vertebrae (figs. 256, 257), five in number, are the largest 
of the movable vertebra, and can be distinguished by the absence of foramina 
in their transverse processes, and of costal facets on the sides of the bodies. 


Fig. 256. — A lumbar vertebra. Bight lateral aspect. 



i is large, wider from side to side than from before backwards, and 

i e thicker m front than behind. It is flattened above and below, concave 
behind, and constricted in front and at the sides. The pedicles are strong, and 
directed backwards from the upper part of the body ; consequently, the inferior 
vertebral notches are of considerable. depth. The lamince are broad, short, 
’ t ^ e v ?l t€bml fwamen is triangular, larger than in the thoracic, but 
han m the cervical region. The spinous process projects almost 
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horizontally backwnids , it is somewhat quadrilateral in outline, with bulging 
posterior and inferior borders. The superior and inferior articular processes 

i; in. 2,>7. A lumbar vertebra. Posterosuperior aspect. 




project respectively upwards and downwards from the junctions of the pedicles 
and laminse. The facets on the superior processes are concave, and look 
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THE DEVELOPMENT OF THE BODY-CAVITIES 

embryonic part is obliterated by the expansion of the amnion, and the consequent 
fusion of the anmiotic with the chorionic mesoderm (figs. 90, 91). From the peri- 
cardial (cephalic) part of the coelom two canals or passages (pleural passages) extend 


Fig. 221. — A transverse segment through the upper part of the coelom of a 
human embryo about four weeks old. (Kollmann.) 



The upper arrow Is in the pleuroperitoneal, the lower in the pleuropericardial opening. 


caudal wards and open into the peritoneal part of the coelom (fig. 221). These pleural 
passages ultimately form the pleural cavities. Between the pleural passages is a 
mass of mesoderm continuous ventrally with that in which the umbilical veins are 
passing to the sinus venosus. A septum of mesoderm thus extends across the body 
of the embryo. It is attached in front to the body-wall between tbe pericardium 
and umbilicus ; behind to the body- wall at the level of the second cervical segment ; 


Fro. 222.- -The upper part of the coelom of a human embryo of 6'8 mm. long. 
Dorsal aspect. (From a model by Piper.) 
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laterally it is deficient where the pericardial and peritoneal cavities communicate 
through the pleural passages ; in the middle line it is perforated by the fore-gut. 
This partition is termed the septum transversum, and is at first a bulky plate of 
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in the recent state, are tilled by the intervertebral fibrocartilages. In some 
specimens the union is more complete between the lower than between the 
upper segments. 

The dorsal surface of the sacrum (fig. 260) is convex, and is narrower than 
the pelvic surface. In the middle line is the median sacral crest , surmounted 
by the rudimentary spinous processes of the upper three or four sacral vertebrae. 
On either side of this crest is the sacral groove , which gives origin to the 
Multifidus, the floor of the groove being formed by the united laminae of the 
vertebne. The la mi me of the fifth sacral vertebra, and sometimes those of 
the fourth, fail to meet behind, and thus a deficiency (i hiatus sacralis) occurs in 
the posterior wall of the sacra! canal. Lateral to either sacral groove is a linear 


Fig. 259. — The sacrum. Pelvic aspect. 



series of tubercles produced by the fusion of the articular processes, which 
together form the indistinct sacral articular crests. The articular processes of 
the first sacral vertebia are large, and their facets are oval or circular in shape, 
and concave from side to side ; they look backwards and medialwards, and 
articulate with the facets on the inferior processes of the fifth lumbar vertebra. 
The tubercles which represent the inferior articular processes of the fifth sacral 
vertebra are prolonged downwards as rounded processes, which are named 
the sacral commit and are connected to the cornua of the coccyx. Lateral 
to the sacral articular crests are the four posterior sacral foramina ; they transmit 
the posterior divisions of the sacral nerves, and are smaller m size^ and less 
regular in form than the anterior foramina. Lateral to the posterior sacral 
foramina are the lateral sacral crests , formed by the fused transverse processes 
of the sacra! vertebra. The transverse tubercles of the first sacral vertebra 
are large and very distinct ; they and the transverse tubercles of the second 
vertebra, give attachment to the short posterior saero-iliae ligaments ; those of 
the third vertebra give attachment to the long posterior sacro-iliac ligaments ; 
and those of the fourth and fifth to the sacrotuberous ligaments. 
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The lateral surfaces of the sacrum (fig. 261) are broad above, and narrow 
below. On the broad upper part of each is an ear -shaped surface, the auricular 
surface , for articulation with the ilium, and behind this is a rough area, the 
sacral tuberosity , on which are three deep impressions, for the attachment 
of the interosseous sacro-iliac ligament ; the thin, lower part gives attachment 
to the sacrotuberous and sacrospinous ligaments, to some fibres of the Glutseus 
maximus behind, and of the Coccygeus in front. It ends below in a projection 
called the inferior lateral angle : the notch on the medial side of this angle 
is converted into a foramen by the transverse process of the first piece of the 
coccyx, and transmits the anterior division of the fifth sacral nerve. 

Fig. 260. — The sacrum. Dorsal aspect. 



The base of the sacrum (fig. 262) is transversely expanded, and is directed 
upwards and forwards. In its central part is the large oval upper surface of 
the body of the first sacral vertebra, which is connected with the under surface 
of the body of the. last lumbar vertebra by an intervertebral fibrooarfcilage ; 
the anterior projecting edge of the body is named the promontory , Behind the 
body is the superior orifice of the sacral canal, triangular in shape and completed 
posteriorly by the arch of the first sacral vertebra. On either side of the body 
is a large triangular plate called the ala sacralis. The upper surface of the ala 
is slightly concave from side to side, and convex from before backwards, and 
in the. articulated pelvis is continuous with the iliac fossa. The posterior 
one-third of the ala represents the transverse process, and the anterior two-thirds 
the costal process of the first sacral vertebra. The superior articular processes 
are attached to the body of the first sacral vertebra and to the also by short 
thick pedicles .; they, are oval, concave, directed backwards and medialwards, 
like the superior articular processes of the lumbar vertebra. On the upper 
surface of either pedicle is a vertebral notch, which forms the lower part of 
the foramen between the last lumbar and first sacral vertebrae. 

The apex of the sacrum, directed downwards, is truncated and carries 
an oval facet for articulation with the coccyx. 



THE SACRUM 


Eio. 261. — The sacrum and coccyx. Right lateral aspect. 



Fro. 262. — The sacrum. Superior aspect. 
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The sacral canal (fig. 263} lodges the sacral nerves and runs through the 
greater part of the length of the bone ; above, it is a closed canal, 'triangular 
in cross section ; below, its posterior wall is incomplete, owing to the non- 
development of the laminae and spinous processes. Its walls are perforated 
by the anterior and posterior sacral foramina through which the nerves 
emerge. 

Differences in the sacrum of the male and female. — In the. female 
the sacrum is shorter and wider than in the male ; the upper part of the bone 
is flattened, and the lower part curved abruptly forwards. In the male the 


Fig. 263. — A median sagittal section through the sacrum. 



curvature is more evenly distributed over the whole length of the bone. In 
the female the bone is directed more obliquely backwards than in the male ; 
this increases the size of the pelvic cavity and renders the sacrovertebral angle 
more prominent. In the female the auricular surface for articulation with 
the ilium is shorter than that in the male, extending along the sides of the 
first and second sacral vertebra only ; in the male it is continued down to the 
middle or lower limit of the third vertebra. 

Structure. — The sacrum consists of spongy substance enveloped by a thin layer 
of compact bone. 

Variations* — The curvature of the sacrum varies considerably in different 
specimens of the same sex. In some cases the hone consists of six vertebras, in 
others of four. The transverse process of the first sacral segment may not be 
joined to the rest of the ala on one or both sides, and a considerable part of the 
posterior wall of the sacral canal may be wanting, in consequence of the imperfect 
development of the laminae and spinous processes. 
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The Coccyx (Os Coccygis) 

The coccyx (figs. 264, 265) is a small, triangular bone consisting usually of 
four rudimentary vertebra, but the number may be increased to five or reduced 
to three ; it forms a pointed apex for the sacral wedge. 

The first coccygeal vertebra is the largest and often exists as a separate piece. 
On the upper surface of its central part or body, is an oval facet for articulation 
with the apex of the sacrum. Two processes, named coccygeal cornua, project 
upwards from the posterolateral parts of the body ; they are the homologues 
of the pedicles and superior articular processes of the movable vertebrae. They 
ascend to articulate with the sacral cornua, and, on either side, form part 
of the margin of the intervertebral foramen for the fifth sacral nerve. A 
rudimentary transverse process projects lateralwards and slightly upwards 
from either side of the body. It is flattened from before backwards, and 
often ascends to articulate with the inferior lateral angle of the sacrum, thus 
completing the foramen for the passage of the anterior division of the fifth 
sacral nerve ; the posterior division of this nerve descends on the back of the 
transverse process . 


Fig. 264. — The coccyx. Anterior aspect. 


Fig. 265. — The coccyx. Posterior aspect. 



The second , third, and fourth coccygeal vertebrce diminish successively in size, 
and are usually fused with one another. The second shows traces of transverse 
processes and' pedicles ; the third and fourth represent only rudimentary 
vertebral bodies, and are mere nodules of bone. 

The filum terminate of the medulla spinalis is attached to the posterior 
surface of the first segment. The Glutseus maximus arises from the posterior 
surfaces of the first three segments, and the Sphincter ani externus from the 
last. The Coccygei and Levatores ani are attached to the thin lateral edges, 
and to the adjoining parts of the anterior surface of the bone. 

The ossification of the vertebral column. — Each typical vertebra is ossified from 
three primary centres (fig. 266), two for the vertebral arch, and one for the body.* 
Ossification of the vertebral arches begins in the upper cervical vertebrae about the 
seventh or eighth week of foetal life, and gradually extends down the column. , The 
centres first appear in the situations, where the transverse processes afterwards 
project, and spread backwards to the spinous process, forwards into the pedicles, 
and lateralwards into the transverse processes. Ossification of the bodies begins 
in the lower thoracic vertebrae about the eighth week of foetal life, and subsequently 
extends upwards and downwards along the column. The centre for the body does 
not give rise to the whole of the body of the adult vertebra, the posterolateral portions 
of which are ossified from the centres for the vertebral arcb. The body of a 
vertebra during the first few years of life shows, therefore, two synchondroses 
(neurocentral synchondroses ) traversing it along the planes of junction of these three 
centres (fig. 267). In the thoracic region the costal facets on the bodies lie behind 
the neurocentral synchondroses. At birth a vertebra consists of three pieces, viz. the 
body and the halves of the vertebral arch. During the first year the halves of the 

* The body is occasionally ossified from two lateral centres which sometimes fail to unite. 
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arch, unite behind, union taking place first in the lumbar region and then extending 
upwards through the thoracic and cervical regions. In the upper cervical vertebrae 

the bodies unite with the arches 


Fig. 266. — The ossification of a typical vertebra. 
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Fig. 269.— The ossification of the atlas. 
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Fig. 271. — The ossification of a lumbar vertebra. 



2 additional centres for mamillary processes 


about the third year, but in the 
lower lumbar vertebrae union 
is not completed until the sixth 
year. Until puberty, the upper 
and under surfaces of the bodies 
and the ends of the transverse 
and spinous processes are carti- 
laginous, but about the sixteenth 
year five secondary centres ap- 
pear, one for the tip of either 
transverse process, one for the 
end of the spinous process, and 
two annular epiphysial discs, for 
the circumferential parts of the 
tipper and lower surfaces of the 
body (figs. 267, 268). The costal 
articular facets arise as exten- 
sions of the annular epiphysial 
discs (Dixon).* These secondary 
centres fuse with the rest of the 
bone about the age of twenty- 
five years. In the bifid spines 
of the cervical vertehne there 
are two secondary centres. 

Exceptions to this mode of 
ossification occur in the first, 
second, and seventh cervical 
vertebra), and in the lumbar 
vertebrae 

The atlas, or first cervical 
vertebra, is usually ossified from 
three centres (fig. 269). One 
appears in either lateral mass 
about the seventh week of foetal 
life, and gradually extends into 
the posterior arch, where the 
two unite between the third and 
fourth years, either directly or 
til rough the medium of a sepa- 
rate centre. At birth, the an- 
terior arch consists of cartilage ; 
in this a separate centre appears 
about the end of the first year, 
and unites with the lateral masses 
between the sixth and eighth 
years — the lines of union ex- 
tending across the anterior por- 
tions of the superior articular 
facets. Occasionally the anterior 
arch is formed by the forward 
extension and ultimate union of 
the centres for the lateral 
masses ; sometimes it is ossified 
from two laterally placed centres. 

The epistropheus, or second 
cervical vertebra, is ossified from 
five primary and two secondary 
centres (fig. 270); The vertebral 
arch is ossified from two primary 


* A. Francis Dixon, Journal of Anatomy, vol. lv., October 1920. 



THE OSSIFICATION OF THE VERTEBRAL COLUMN 


181 


centres, and the body from one, as in a typical vertebra ; the centres for the arch 
appear about the seventh or eighth week of foetal life, the centre for the body about 
the fourth or fifth month. The dens or 


odontoid process represents the body of the 
atlas, and is chiefly ossified from two later- 
ally-placed centres ; these appear about the 
sixth month of foetal life, and join before 
birth to form a conical mass, deeply cleft 
above. A wedge-shaped piece of cartilage 
Alls the cleft and forms the summit of the 
process ; in this cartilage a centre appears 
about the second year and unites with the 
main mass of the dens about the twelfth year. 
The base of the dens is separated from the 
body of the epistropheus by a cartilaginous 
disc, the circumference of which ossifies, but 
the centre remains cartilaginous until ad- 
vanced age ; in this cartilaginous disc, 
rudiments of the lower epiphysial lamella of 
the atlas and the upper epiphysial lamella 
of the epistropheus may sometimes be found. 
In addition to these centres there is one for 
a thin epiphysial plate on the under surface 
of the body of the bone. 

The seventh cervical vertebra. — The 
costal processes of this vertebra are usually 
ossified from separate centres which appear 
about the sixth month of foetal life, and 
join the body and transverse processes 
between the fifth and sixth years. As 
already stated (p. 169), the costal processes 
may persist as separate pieces, and grow 
lateral wards and forwards, to constitute 
cervical ribs. 

Separate ossific centres have also been 
found in the costal processes of the fourth, 
fifth, and sixth cervical vertebrae. 

The lumbar vertebrae (fig. 271) have each 
two additional centres, for the mamillary 
processes. 

The sacrum (figs. 272 to 275). — Each 
sacral vertebra is ossified from three primary 
centres, one for the body and two for the 
vertebral arch. Two epiphysial plates are 
ossified for each, body, one for the upper and 
the other for the lower surface. 


Fig. 272. — The ossification ot the 
sacrum and coccyx. 



Fig. 274. 


The two epiphysial plates for each 
lateral surface are marked hy 
asterisks. 



Fig. 275. — The base of the sacrum of 
an adolescent. 


The anterior portions of the lateral parts 
of the sacrum have six additional (costal) 
centres, two for each of the first three verte- 
brae ; these appear above and lateral to the 
anterior sacral foramina (figs. 272, 273). 

Two epiphysial plates are developed on 
either lateral surface of the sacrum (figs. 274, 
275) ; one for the auricular surface, and 
another for the thin edge of bone below 



this surface. 

The ends of the spinous processes of the upper three sacral vertebrae are some- 
times developed from separate epiphyses, and Fawcett* has pointed out that 
number of epiphyses are present in the sacrum at the eighteenth year (fig. 276). 
These are distributed as follows : One for each of the two mamillary processes of 
the first sacral vertebra ; twelve, six on either side, in connexion with the costal 
processes (two each — an anterior and a posterior — for the first and second, and 


* E. Fawcett, Anatomischer Anzeiger , Bd. xxx., 1907, 
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one each — an anterior— for the third and fourth vertebrae ; and eight, four on either 
side, for the transverse processes, one each for the first, third, fourth and fifth. 
He is also of opinion (1) that the auricular facets on the lateral surfaces of the sacrum 
are in the main formed by the development and fusion of the costal epiphyses of the 
first and second sacral vertebrae, and (2) that the lower part of each lateral surface is 
formed by the extension and union of the costal epiphyses of the third and fourth, 
with the epiphyses of the transverse processes of the fourth and fifth, sacral vertebrae. 

The periods of ossification of the sacrum . — The centres for the bodies of the 
first, second and third sacral vertebrae appear towards the end of the third month, 

and those for the bodies of the fourth 


Fig. 276. — The epiphyses of the costal 
and transverse processes of the sacrum 
at the eighteenth year. (E. Fawcett.) 


and fifth vertebras between the fifth 
and eighth months of foetal life. 
The centres for the vertebral arches 
appear about the fifth month, and 
those for the costal processes of 
the lateral parts of the bone between 
the sixth and eighth months of foetal 
life. In the lower vertebra! the 
arches fuse with the bodies in the 
second year ; in the first vertebra 
fusion does not occur until the fifth 
or sixth year. About the sixteenth 
year the epiphysial plates for the 
upper and under surfaces of the 
bodies are formed ; and between the 
eighteenth and twentieth years those 
for the lateral surfaces of the bone 
make their appearance. During early 
fife, the bodies of the sacral vertebra 
are separated from each other by 
intervertebral fibrocartilages, but about 
the eighteenth year the bodies of the 
two lower vertebra become united by bone, and the process of bony union 
gradually extends upwards, with the result that between the twenty -fifth and 
thirtieth years of life all the vertebra are united (fig. 268). 

The coccyx, — Each segment of the coccyx is ossified from one centre. The 
centres appear in the following order : in the first segment between the first and 
fourth years ; in the second between the fifth and tenth years ; in the third between 
the tenth and fifteenth years ; in the fourth between the fourteenth and twentieth 
years. A secondary centre for each coccygeal cornu, and a pair of epiphysial plates 
for each of the rudimentary bodies have been described. As age advances, the 
segments unite with one another, the union between the first and second being 
frequently delayed until after the age of twenty-five or thirty years. At a late 
period of life, especially in females, the coccyx often fuses with the sacrum. 



The Vertebral Column as a Whole 

The vertebral column is situated in the median line, at the posterior 
part of the trunk. Its average length in the male is about 71 cm. ; of this 
the cervical part measures 12*5 cm., the thoracic 28 cm., the lumbar 18 cm., 
and the sacrum and coccyx 12-5 cm. The average length of the female vertebral 
column is about 61 cm. 

The curves of the vertebral column . — Viewed laterally (fig, 277), the vertebral 
column presents cervical, thoracic, lumbar, and pelvic curves. The thoracic 
and pelvic curves are termed primary curves, because they alone are present 
during foetal life. The cervical and lumbar curves are secondary or compensa- 
tory, and arc developed after birth, the cervical curve when the child is able 
to hold up its head (at three or four months), and to sit upright (about nine 
months), the lumbar at twelve or eighteen months when the child begins to 
walk. The cervical curve is convex forwards, and is the least marked of the 
four ; it begins at the atlas, and ends at the middle of the second thoracic 
vertebra. The thoracic curve is concave forwards, and extends from the 



THE VERTEBRAL COLUMN AS A WHOLE 


183 


middle of the second to the middle of 
the twelfth thoracic vertebra. The 
lumbar curve is convex anteriorly 
and is more pronounced in the female 
than in the male ; it reaches from the 
middle of the. last thoracic vertebra 
to the saero vertebral angle, and the 
convexity of the lower three segments 
is greater than that of the upper two. 
The pelvic curve extends from the 
sacrovertebral articulation to the 
apex of the coccyx ; its concavity is 
directed downwards and forwards. 

In the upper part of the thoracic 
region of the vertebral column 
there is a slight lateral curvature, 
with its convexity directed towards 
the right side in right-handed per- 
sons. Some regard this curve as 
being due to the greater use and 
muscularity of the right arm, and in 
support of this explanation it has 
been found that in left-handed 
individuals the convexity of the 
curve is directed towards the left 
side. Others regard it as being 
produced by the aortic arch and 
upper part of the descending thoracic 
aorta— a view which is supported 
by the fact that in cases where the 
viscera are transposed and the 
aorta is consequently on the right 
side, the convexity of the curve is 
directed to the left. 

The anterior surface of the verte- 
bral column. —When viewed from 
in front, t he width of the bodies of 
the vertebrae is seen to increase 
from the second cervical to the first 
thoracic ; there is then a slight 
diminution in the next three verte- 
bra? ; below this there is again, a 
gradual and progressive increase in 
width as low as’ the sacrovertebral 
angle From this level there is a 
rapid diminution, to the apex of the 
coccyx. 

The posterior surface of the 
vertebral column presents in the 
median lines the spinous processes. 
In the cervical region (with the 
exception of the second and seventh 
vertebrae) these arc short and hori- 
zontal , with bifid ends. In the upper 
part of the thoracic region they are 
directed obliquely downwards ; m 
the middle part they are long and 
almost vertical ; in the lower part 
of the thoracic region and m the 
lumbar region they are nearly hori- 
zontal. They are separated by con- 
siderable intervals in the cervical 
and lumbar regions, but are closely 


Fig. 27V. — The vertebral column. Left 
lateral aspect. 
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approximated in the middle of the thoracic region. Occasionally a spinous 
process may deviate from the median line — a fact to be remembered in practice, 
as irregularities of this sort are attendant also on fractures or displacements 
of the vertebral column. At the sides of the spinous processes are the 
vertebral grooves which lodge the deep muscles of the back. In the cervical 
and lumbar regions these grooves are shallow and are formed by the laminae 
of the vertebrae ; in the thoracic region they are deep and wide, and are 
formed by the laminae and transverse processes. Lateral to the vertebral 
grooves are the articular processes, and still more lateral the transverse pro- 
cesses. In the thoracic region, the transverse processes stand backwards, on a 
plane considerably behind that of the same processes in the cervical and lumbar 
regions. In the cervical region, the transverse processes are placed in front 
of the articular processes, lateral to the pedicles, and between the intervertebral 
foramina. In the thoracic region they are behind the pedicles, intervertebral 
foramina, and articular processes. In the lumbar region they are in front of 
the articular processes, but behind the intervertebral foramina. 

The lateral surfaces of t he vertebral column are separated from the posterior 
surface by the articular processes in the cervical and lumbar regions, and by 
the transverse processes in the thoracic region. In front are the sides of the 
bodies of the vertebrae, marked in the thoracic region by the facets for art icula- 
tion with the heads of the ribs. Between the pedicles are the intervertebral 
foramina, oval in shape, smallest in the cervical and upper part of the thoracic 
regions, and gradually increasing in size to the last lumbar ; these foramina 
transmit the spinal nerves and vessels. 

The vertebral canal follows the curves of the column ; it is large and triangular 
in the cervical and lumbar regions, where movement is free, but small and 
circular in the thoracic region, where motion is more limited. 

Aj) plied Anatomy . — Occasionally the coalescence of the lamina* is not completed, and 
consequently a cleft is left in the arches of the vertebra*, through which a protrusion of 
the spinal membranes (dura mater and arachnoid), and generally of the medulla spinalis 
and pia mater, takes place, constituting the malformation known as spina bifida. This 
condition is most common in the lumbosacral region, but it may occur in the thoracic 
or cervical region, or the arches throughout the whole length, of the canal may remain, 
incomplete. 

Although there is only a very limited amount of movement between any two con- 
tiguous vertebrae, there is a considerable range of movement in the vertebral column as a 
whole. The intervertebral fibroeartilages act as buffers between the different segments 
and counteract or neutralize the effect of jars or shocks which may be applied to the 
column; for example, dropping from a height on to the fact rarely causes concussion of 
the brain or spinal medulla. The security of the column is also provided for by its disposi- 
tion in curves, enabling it to bend without breaking. The vertebras are so firmly united 
to one another that violence applied to the column is more likely to produce fracture or 
dislocation than a tearing of ligaments. 

Fracture-dislocations of the vertebral column are more frequently caused by indirect 
than by direct violence. When produced by indirect violence, the upper segment is 
driven forwards on the lower, and the spinal medulla is compressed between the body of 
the vertebra immediately below, and the arch of the vertebra immediately above,* the 
injury. Since the spinal medulla ends at the level of the upper border of the second 
lumbar vertebra it follows that partial dislocations, or gunshot wounds, below this level 
are less serious than those above it. 

The normal position of the vertebral column may be altered either by the formation of 
new curvatures or by an increase of some of the normal ones. In many cases, notably in 
rapidly growing adolescents, the deformity results from weakness of the supporting muscles 
which are unable to keep the vertebra; firmly applied to one another, arid alterations in 
the disposition of the column are produced by the weight of the body. In later life the 
persistent use of faulty positions (e.g. in shoemakers, tailors, etc.) or the carrying of weights 
suspended from the trunk (e.g. in hawkers) may distort the vertebral column. In other 
cases the changes in the curvatures may be the result of diseases of the vertebrae or their 
ligaments (e.g. tuberculosis, rheumatism, etc.). Sometimes the deviations result mechani- 
cally from the effects of disease in other parts (e.g. in eases of shortening of one leg from 
hip-joint disease, or in cases of adhesions in the thorax from an old empyema). Changes 
in the curvatures of the vertebral column are multiple since secondary (compensatory) 
curves form to restore the balance of the body. 

The chief forms of abnormal curvatures are scoliosis, kyphosis and lordosis. In' scoliosis 
the column is bent to one side, and this is accompanied by a rotation of the vertebral bodies 
round a vertical axis. In kyphosis the thoracic curve is increased, while in lordosis the 
deformity is an exaggeration of the lumbar curve. 
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Laminectomy .— Tlie operation of laminectomy is performed in cases of pressure on 
the medulla spinalis, where the continuity of the nerve-tracts has not been completely 
destroyed. It consists of cutting down on and removing the lamime. and spinous pro- 
cesses in the affected region, so as to relieve the medulla spinalis from pressure ; but it 
is useless in cases of complete destruction of this structure. Laminectomy is chiefly 
performed (i) for fracture-dislocation ; (ii) for localised pressure in cases of spinal caries, 
the object here being to remove the laminse against which the medulla spinalis is pressed 
by the inflammatory mass, and (iii) for the removal of tumours growing inside the 
vertebral canal and compressing the medulla spinalis. If such cases be taken early, very 
satisfactory results are obtained. 

The subarachnoid cavity ends at the level of the lower border of the second sacral 
vertebra ; the lower part of the sacrum may therefore be removed to expose growths or 
tumours of the rectum without opening into this cavity. 


The Sternum 

The sternum (figs. 2 78 to 280) is a long hat bone, forming the middle 
portion of the anterior wall of the thorax. Its average length is about 17 cm., 
and is rather greater in the male than in the female. Its upper end supports 
the clavicles, and its margins articulate with the cartilages of the first seven 
pairs of ribs. It consists of three parts, named from above downwards, the 
manubrium, the body, and the xiphoid process ; in early life the body consists 
of four segments or sternebree. In its natural position the inclination of the 
bone is oblique from above, downwards and forwards. It is slightly convex 
in front, and concave behind ; it is broad above, narrow at the junction of 
the manubrium with the body, below which it gradually widens as far as the 
level of the articulations of the cartilages of the fifth ribs, and then narrows 
quickly to its lower extremity. 

The manubrium sterni is of a somewdiat triangular form., broad and thick 
above, narrow below at its junction with the body. Its anterior surface, convex 
from side to side, concave from above downwards, is smooth, and affords 
attachment on either side to the sternal origins of the Pectoralis major and 
Sternocleidomastoideus. Its posterior surface, concave and smooth, gives 
origin on either side to the Sternohyoideus and Sternothyreoideus. The 
superior border is thick, and presents at its centre the jugular notch ; on either 
side of this notch is an oval articular surface, directed upwards, backwards, and 
lateral-wards, for articulation with the sternal end of the clavicle. The inferior 
border , oval and rough, is covered in the recent state with a thin layer of 
cartilage, for articulation with the upper end of the body. The lateral borders 
are each marked above by a depression for the reception of the first costal 
cartilage, and below by a small articular facet, which, with a similar one on 
the upper angle of the body, forms a notch for the sternal end of the costal 
cartilage of the second rib. Between the depression for the first costal cartilage 
and the facet for the second is a narrow, curved edge, which slopes from above 
downwards and medialwards. 

The body of the sternum, longer, narrower, and thinner than the manubrium, 
attains its greatest breadth close to the lower end. Its anterior surface , nearly 
fiat, is directed forwards and upwards, and is marked by three transverse 
ridges opposite 1-he third, fourth, and fifth articular depressions.* It affords 
attachment on either side to the sternal origin of the Pectoralis major. A 
sternal foramen, of varying size and form, is occasionally seen at the junction 
of the third and fourth pieces of the body.^ The posterior surface, slightly 
concave, is also marked by three transverse lines, less distinct, however, than 
those on the anterior surface ; from its lower part, on either side, the Transversus 
thoracis takes origin. The upper end is oval and articulates with the manu- 
brium, the junction of the two forming the sternal angle (angulus Ludovici f ). 
The lower end is narrow, and articulates with the xiphoid process. Each 
lateral border (fig. 280), at its superior angle, has a small facet, which with a 

* Paterson ( The Human Sternum , 1904) found that these ridges were absent in 26 *7 per cent. ; 
that a ridge existed opposite the third costal cartilage in 69 per cent. ; opposite the fourth in 
39 per cent. ; and opposite the fifth in 4 per cent. 

f Named after the French surgeon Antoine Louis, 1723-1792. The Latin term angulus 
Ludovici is not infrequently mistranslated into English as 4 the angle of Ludwig. 
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each vessel a capillary network forms, and by the milanwnmm. of definite paths in 
this network the larger arteries and veins are !'•••!. Ihe brandies of the 

main arteries are not always simple mollification.-* of the vessels of the capillary 
network, but may arise as new outgrowths from the enlarged stem. 

It lias been seen (p. Ill) that each primitive aorta _con>ists of a ventral and 
a dorsal part which are continuous through the first aortic arch. The dorsal aorta 
at first run backwards separately on either side of the notochord, but in the third 
week they fuse from about the level of the fourth thoracic to that of the fourth 
lumbar segment to form a single trunk, the descending aorta. The first aortic 

Fio. 183 . A diairam shnwinir th<* nri*rms of the main braiiehes <»f tin* carotid 

* arteries. (Kmmdi-d «>n Tan. lit t by T. H. Brytv,} (From Quain\s Element * 
of Anatomy, vol. i.. Embryology.) 


Posterior cerebral art try 



arches run through the mandibular arches, and behind them five additional pairs are 
developed within the corresponding visceral arches ; so that, in all, six palm of aortic 
arches are formed (figs. 180, 182). The fifth arches are very tramuturv vessels 
connecting the truncus arteriosus with the dorsal ends of the sixth arches, The 
first and second arches pass between the ventral and dorsal aortic, while the others 
arise at first by a common stem from the truncus arteriosus, but end separately in 
the dorsal aortse. As the neck elongates, the ventral aorta are drawn out, and the 
third and fourth arches arise directly from these vessels. 

In fishes the aortic arches persist and give off branches to the gills, in which the 
blood is oxygenated. In mammals some of the arteries remain as permanent 
structures, while others disappear or are obliterated (fig. 182 ). 

Th e ventral aortce. — These persist on both sides. The right ventral aorta forms, 
as far as the fourth aortic arch, the innominate artery, and beyond that arch the 
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i xiphoid process is the smallest piece of the sternum ; it is thin and 
elongated, cartilaginous in youth, but more or less ossified at its upper part 
in the adult-. Its anterior surface affords attachment on either side to the 
anterior costoxiphoid ligament and a small part of the Rectus abdominis * its 
posterior surface , to the posterior costoxiphoid ligaments and to. some of the 
fibres of the Diaphragm and Transversus thoracis ; its lateral borders to the 
a-poneuroses of the abdominal muscles. Above, it articulates with the lower 
end of the body of the bone, and on the front of each superior angle is a facet 
tor a part of the cartilage of the seventh rib ; the linea alba is attached to its 
pointed lower end. 

The xiphoid process varies greatly ; it may be broad and thin, pointed, 
bifid, perforated, curved, or deflected to one or other side. 


h jg. 2/9. The sternum. Posterior aspect. Fig. 280. — The sternum. Lateral aspect. 




Structure. — The sternum is composed of highly vascular spongy substance 
covered by a layer of compact bone which is thickest on the manubrium between 
the articular facets for the clavicles. 

Ossification; — The sternum originally consists of two cartilaginous sternal 
plates , one on either side of the median plane. Opposite the first seven pairs of ribs 
these plates fuse with one another in the middle line to form the cartilaginous 
sternum, which is ossified from six centres : one for the manubrium, four for the 
body, and one for the xiphoid process (fig. 281). These centres^ appear in the 
intervals between the articular depressions for the costal cartilages, in the following 
order ; in the manubrium and first piece of the body, during the sixth month of foetal 
life ; in the second and third pieces of the body, during the seventh month of foetal 
life ; in the fourth piece, shortly before birth ; and in the xiphoid process, in the third 
year or much later.* Two small episternal centres sometimes appear, one on either 
side of the jugular notch ; they are probably vestiges of the episternal bone of the 
monotremata and lizards. The manubrium may have two, three, or more centres ; 

* Paterson (op. cit.) found the fourth or lowest centre for the body present only in 26*9 per 
cent, of cases. 
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when two are present, one is generally situated above the other, the upper being 
the larger. The first segment of the body has seldom more than one centre ; but 
the second, third, and fourth segments are often ossified from two laterally placed 
centres, and if these fail to join, the foramen or fissure which is occasionally seen 
in this part of the bone results. Union between the centres of the body begins 
about puberty, and proceeds from below upwards (fig. 282) ; by the age of twenty- 
five they are all united. The xiphoid process usually fuses with the body about 


Fig. 281. — The ossification of the sternum. 
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the age of forty years, but may remain ununited in old age. In advanced life 
the manubrium is occasionally joined to the body by bone, but when this occurs, 
only the peripheral part of the intervening cartilage is converted into bone ; the 
central part remains unossified. 


The IIibs (Cost-®) 

The ribs are elastic arches of bone, which are connected behind with the 
vertebral column, and form a large part of the skeleton of the thorax. They 
are twelve in number on either side ; but this number may be increased by 
the development of a cervical or a lumbar rib, or may be reduced to eleven. 
The first seven are connected in front, through the intervention of the costal 
cartilages, with the sternum (fig, 278) ; they are called true ribs (costae verao).* 
The remaining five are false ribs (costae spurue) ; of these the cartilages of the 
eighth, ninth and tenth are each joined to the cartilage of the rib immediately 

* Sometimes the eighth rib cartilage articulates with the sternum ; this condition occurs 
more frequently on the right than on the left side. 
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above (vertebrochondral ribs) ; the eleventh and twelfth are free at their anterior 
ends and are termed floating or vertebral ribs. 
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greatest 


Fig. 283. — A central rib of the left side. Inferior aspect. 
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The ribs arc situated one below the other 
in such a manner that spaces, called intercostal 
spaces, are left- between them. The length of 
each space corresponds to that of the adjacent 
ribs and their cartilages : the breadth is greater 
in front than behind, and between the upper 
than the lower ribs. The ribs vary in their 
direction, the upper ones being less oblique 
than the lower ; the obliquity reaches its 
maximum at the ninth rib, and gradually 
decreases from that rib to the twelfth. The ribs 
increase in length from the first to the seventh, 
below which they diminish to the twelfth. In 
breadth they decrease successively from above 
downwards ; in the upper ten the 
breadth is at the anterior extremity. 

Common characteristics of the ribs 
(figs. 283, 284). — A rib from the middle of the 
series should be taken in order to study the 
common characteristics of these bones. 

Each rib has a posterior and an anterior 
extremity, and an intervening portion — the 
body or shaft. 

The posterior or vertebral end presents 
for examination a head, neck, and tubercle. 

On the head are two facets, a superior and an 
inferior, separated by a transverse crest or ridge 
named the crista capituli . The facets, of which 
the superior is the smaller, articulate with the 
bodies of two contiguous thoracic vertebrae, 
and the crista capituli is attached to the inter- 
vertebral fibrocartilage by the interarticular 
ligament. 

The neck is the flattened portion which 
succeeds the head ; it is about 2-5 cm. long, 
and is placed in front of the transverse process of 
the lower of the two vertebrae with which the 
head articulates. It is placed obliquely, so that 
its anterior surface looks forwards and upwards, 
and its posterior, backwards and downwards. 
Its anterior surface consists of an upper and a 
lower area separated by a ridge which affords 
attachment to the posterior intercostal mem- 
brane and is continuous with the inner lip of 
the superior border of the body or shaft. The 
upper area, of varying size and more or less 
triangular in shape, is separated from the 
posterior intercostal membrane by some fatty tissue ; the lower is smooth and 
covered by the costal pleura. Its posterior surface is rough for the attachment 
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ol the ligament of the neck of the rib, and perforated by numerous foramina. 
On its superior border is a rough crest, the crista colli costce , for the attachment 
of the anterior costotransverse ligament ; from this crest a line can be followed 
into the outer lip of the superior border of the body or shaft. Its inferior 
border , more or less rounded, gives attachment to the posterior intercostal 
membrane and is continuous with the superior border of the costal groove. 

On the posterior surface of the rib, at the junction of the neck and body, 
and nearer the lower than the upper border, is the tubercle ; it is more prominent 
in the upper than in the lower ribs, and consists of an articular and a non- 
articular portion. The articular portion, the lower and more medial, has a small, 
oval surface for articulation with the end of the transverse process of the lower 
of the two vertebra to which the head is connected. The non-articular portion 
is a rough elevation, and affords attachment to the ligament of the tubercle. 

The body or shaft is thin and fiat, with an external and an internal surface ; 
and a superior and an inferior border. The external surface is convex, smooth, 
and marked, a. little in front of the tubercle, by a rough line directed down- 
wards and lateral wards ; this gives attachment to one of the tendons of the Ilio- 


Fig. 284. — A central rib of the left side. Posterior aspect. 



costalis, and is called the angle . At this line the hone is bent in two’directions, 
and at the same time twisted on its long axis. This may he demonstrated 
by laying a rib with its lower border in contact with a flat horizontal surface. 
The portion behind the angle is then seen to be inclined medialwards and 
upwards from the long axis of the body of the rib, while as the result of the 
twisting, the external surface of the part behind the angle looks downwards 
and that in front of the angle slightly upwards. The distance between the 
angle and the tubercle is progressively greater from the second to the tenth 
ribs. Between the angle and the tubercle the external surface is rounded, 
rough, and irregular, and serves for the attachment of a slip of the Longissimus 
dorsi. Near the sterna] end of the external surface is an indistinct oblique 
line, the anterior angle. The internal surface is concave, smooth, directed 
a little upwards behind the angle, a little downwards in front of it,, and is 
marked by a ridge which commences at the lower edge of the head ; this ridge 
is prominent as far as the angle, but is lost at the junction of the anterior 
with the middle one-third of the bone. Between the ridge and the inferior border 
is the costal groove , for the intercostal vessels and nerve ; within the groove 
are seen the orifices of numerous small foramina for nutrient vessels, which 
traverse the shaft obliquely from before backwards. At the posterior part 
of the bone the costal groove occupies the inferior border, but just in front of 
the angle the groove is deep and broad, and is placed on the internal surface. The 
upper edge of the groove serves for the attachment of an Intercostalis internus, 
and is continuous behind with the inferior border of the neck ; the inferior 
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edge of the groove constitutes the inferior border of the rib, and gives attach- 
ment to an Intercostalis externus. The superior border of the rib, thick and 
rounded, is marked by an external and an internal lip, more distinct behind 
than in front ; the former gives attachment to an Intercostalis externus, the 
latter to an Intercostalis interims. 

On the anterior or sternal end is an oval, cup-shaped depression, into 
which the lateral end of the costal cartilage is received. 

The first, second, tenth, eleventh, and twelfth ribs present certain variations, 
and require special consideration. 

The first rib (fig. 285) is the most curved and usually the shortest of the 
ribs ; it is broad and flat, its surfaces looking upwards and downwards, and 
its borders inwards and outwards. The head is small, rounded, and has only 
a single, nearly circular, articular facet, which articulates with the upper 
part of the side of the body of the first thoracic vertebra. The neck is 


Fig. 285.-— The first and second ribs. Superior aspect. 



somewhat rounded. The tubercle , thick and prominent, is directed upwards 
and backwards ; on its medial part is an oval facet for articulation with the 
transverse process of the first thoracic vertebra. At the tubercle the rib is 
bent, so that the head of the bone is directed slightly downwards. There is 
no angle. The upper surface of the body is marked by two shallow grooves, 
separated from one another by a slight ridge which ends at the inner border of 
the rib in the scalene tubercle . The tubercle gives the attachment of the Scalenus 
anterior ; the groove in front of it supports the subclavian vein, that behind 
it the subclavian artery and the lowest trunk of the brachial plexus.* The 
surface in front of the anterior groove gives origin to the Subclavius muscle, 
and attachment to the costoclavicular ligament ; behind the posterior groove 
is a rough area for the attachment of the Scalenus medius. The under sur- 
face is smooth, and destitute of a costal groove. The outer border is convex, 
thick behind, but thin in front. Immediately behind the subclavian groove 
it gives origin to the upper part of the first digitation of the Serratus anterior. 
The inner border is concave and thin, and marked near its centre by the 
scalene tubercle. The anterior end is larger and thicker than that of any of 
the other ribs. 

The second rib (fig. 285) is about twice the length of the first, but has 
a similar curvature. The non-articular portion of the tubercle is often small. 

♦See article by Wood Jones, Anat. Anzeiger, Bd. xxxvi., 1910. 
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The angle is slight, and situated close to the tubercle. The body is not twisted, 
so that both ends of it touch any plane surface upon which the rib may be laid ; 
but at the tubercle there is an upward convexity, similar to, but smaller than, 
that found in the first rib. The external surface of the body is convex, and looks 
upwards and a little outwards ; near its middle is a rough eminence for the 
origin of the lower part of the first and the whole of the second digitation 
of the Serratus anterior ; behind and above this the Scalenus posterior is 
inserted. The internal surface, smooth and concave, is directed downwards 
and a little inwards ; on its posterior part there is a short costal groove. 

The tenth rib (fig. 286) has only a single articular facet on its head. 


Fig. 286. — The tenth, eleventh and twelfth ribs. Posterior aspect. 



The eleventh and twelfth ribs (fig 286) have each a single articular 
facet on the head, which is of rather large size ; they have no necks or tubercles, 
and are pointed at their anterior ends. The eleventh has a slight angle and 
a shallow costal groove. The twelfth has neither ; it is much shorter than 
the eleventh, and its vertebral end is directed slightly upwards. Sometimes 
the twelfth rib is shorter than the first. 

Structure. — The ribs consist of highly vascular spongy substance enclosed in 
a thin layer of compact bone. 

Ossification. — Each rib, with the exception of the first and the last two, is ossified 
from four centres ; a primary centre for the body, and three secondary centres, one 
for the head and one each for the articular and non-articular parts of the tubercle.* 
The primary centre appears near the angle, towards the end of the second month 
of foetal life, and is seen first in the sixth and seventh ribs. The secondary centres 
for the head and tubercle appear between the sixteenth and twentieth years, 
and unite with the body about the twenty-fifth year. The first rib has three 
centres, viz. : a primary one for the body, a secondary centre for the head, and 
one for the tubercle. The eleventh and twelfth ribs, being destitute of tubercles, 
have each only two centres. 


The Costal Cartilages 

The costal cartilages (fig. 278) are bars of hyaline cartilage which extend 
forwards from the anterior ends of the ribs and contribute very materially to 
the elasticity of the walls of the thorax. The first seven pairs are connected 

* E. Fawcett states that ‘ in ail probability there is usually no epiphysis on the non-articular 
part of the tuberosity below the sixth or seventh rib 5 {Journal of Anatom, y and Physiology, 
vol. xlv.). 
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with, the sternum \ the eighth, ninth, and tenth are each articulated with the 
lower border of the cartilage immediately above ; the last two have pointed 
extremities which end in the wall of the abdomen. The costal cartilages vary 
in their length, breadth, and direction. They increase in length from the first 
to the seventh, then gradually decrease to the twelfth. They diminish in 
breadth from the first to the last, and so also do the intervals between them. 
They are broad at their attachments to the ribs, and taper towards their medial 
extremities, with the exception rf the -first and second which are of the same 
breadth throughout, and the sixth, seventh, and eighth which are enlarged 
where their margins are in contact. The first cartilage descends a little, the 
second is horizontal, the third ascends slightly, while the others are angular, 
following the course of the ribs for a short" distance, and then ascending to the 
sternum or preceding cartilage. 

Each costal cartilage has two surfaces, two borders, and two ends. The 
anterior surface is convex, and looks forwards and upwards ; that of the first 
gives attachment to the costoclavicular ligament and the Subclavius muscle ; 
those of the first six or seven at their medial ends, to the Pectoralis major. 
The others are covered by, and give partial attachment to, some of the fiat 
muscles of the abdomen. The posterior surface is concave, and directed back* 
wards and downwards ; that of the first gives attachment to the Sternothyreoi- 
deus, those of the second to the sixth inclusive to the Transversus thoracis, 
and the six inferior ones to the Transversus abdominis and the Diaphragm. 
The superior border is concave, and the inferior convex ; they afford attachment 
to the Intercostales interni. The inferior borders of the sixth, seventh, eighth, 
and ninth cartilages present heel-like projections at the points of greatest 
convexity ; a similar heel-like projection occurs on the lower border of the 
fifth right cartilage in 72 per cent, and on the fifth left cartilage in 50 per cent. 
(Fawcett). On these projections are oblong facets which articulate respectively 
with facets on slight projections from the superior borders of the sixth, seventh, 
eighth, ninth, and tenth cartilages. The lateral end of each cartilage is con- 
tinuous with the osseous tissue of the rib to which it belongs. The medial end 
of the first is continuous with the sternum ; the medial ends of the six succeeding 
ones are rounded and articulate with shallow concavities on the lateral margins 
of the sternum. The medial ends of the eighth, ninth, and tenth costal cartilages 
are pointed, and each is connected with the cartilage immediately above. Those 
of the eleventh and twelfth are pointed and free. 

In old age the costal cartilages are prone to undergo superficial ossification. 


THE THOBAX 

The skeleton of the thorax, or chest (fig. 287), is an osseocartilaginous 
cage which contains and protects the principal organs of respiration and 
circulation. It is conical in shape, narrow above and broad below, flattened 
from before backwards, and longer behind than in front. It is reniform on 
horizontal section on account of the forward projection of the vertebral 
bodies. 

Boundaries. — Posteriorly it is formed by the twelve thoracic vertebrae 
and the posterior parts of the ribs. On either side of the vertebral column is 
a deep groove in consequence of the lateral and backward direction which 
the ribs take from their vertebral extremities to their angles. Anteriorly it is 
formed by the sternum and costal cartilages, and this surface is flattened or 
slightly convex. Laterally it is convex, and is formed by the ribs. The ribs 
and costal cartilages are separated from each other by the intercostal spaces, 
eleven in number, which are occupied by the Intercostal muscles and mem- 
branes. 

The upper opening of the thorax is reniform in shape ; its anteroposterior 
diameter is about 5 cm., its transverse about 10 cm. It slopes downwards 
and forwards, and is bounded by the first thoracic vertebra behind, the superior 
border of the manubrium sterni in front, and the first rib on either side. The 
lower opening is bounded by the twelfth thoracic vertebra behind, by the 

Gr.A. * O 
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eleventh and twelfth ribs at the sides, and in front by the cartilages of the 
tenth, ninth, eighth, and seventh ribs, which ascend on either side and form 
an angle, the subcostal angle, into the apex of which the xiphoid process projects. 
The lower opening is wider transversely than from before backwards, and 
slopes obliquely downwards and backwards ; it is closed by the Diaphragm 
which forms the floor of the thorax. 


Fig. 287. — The skeleton of the thorax. Anterior aspect. 



The thorax of the female differs from tiiat of the male as follows ; 1. Its 
capacity is less. 2. The sternum is shorter. 3. The upper margin of the 
sternum is on a level with the lower part of the body of the third thoracic 
vertebra, whereas in the male it is on a level with the lower part of the body 
of the second. 4. The upper ribs are more movable, and so allow a greater 
expansion of the upper part of the thorax. 


Applied Anatomy . — Fracture of the sternum is by no means common, owing, no 
doubt, to the elasticity of the ribs and their cartilages, which support it like so many 
springs. The fracture usually occurs in the upper half of the body. Dislocation, of the 
body from the manubrium may take place, and is sometimes described as a fracture. 

The ribs are frequently broken, though from their connexions and shape they are able 
to withstand great force, yielding under the injury and recovering themselves like a spring. 
The middle ribs are the most liable to fracture. The first, and to a less extent the second, 
being protected by the clavicle, are rarely fractured; and the eleventh and twelfth on 
account of their loose and floating condition enjoy a like immunity. The fracture 
generally occurs from indirect violence from forcible compression of the chest walls, and 
the bone then gives way at its weakest part, i.e. just in front of the angle. But the ribs 
may also be broken by direct violence, in which case the bone is driven inwards at the 
point struck. Fracture of the ribs is frequently complicated with some injury to the 
viscera contained within the thorax or upper part of the abdominal cavity ; this is most 
likely to occur in fractures from direct violence. 

Fracture of the costal cartilages, or separation of the cartilages from the ribs, may also 
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take place, though they are comparatively rare injuries. In workmen the pressure of tools 
may displace the xiphoid process inwards. 

The ribs are frequently the seat of tuberculous disease, with the formation of a chronic 
abscess in the chest-wall. This may not immediately overlie the carious portion of rib, as 
the pus is often directed a considerable distance along the costal groove before appearing 
beneath the integument. ^ 

Resection of a portion of a. rib is often required in order to give efficient drainage to an 
empyema m , this is referred to in the description of the respiratory organs. 

Cervical ribs derived from the seventh cervical vetebra (page 169) are of not infrequent 
occurrence, and are important clinically because they may give rise to nervous or vascular 
symptoms. The cervical rib may be a mere epiphysis articulating only with the trans- 
verse process of the vertebra, but more commonly it consists of a defined head, neck and 
tubercle, with or without a body. It extends lateralwards, or forwards and lateralwards, 
into the posterior triangle of the neck, where it may terminate in a free end or may join 
the first thoracic rib, the firgt costal cartilage, or the sternum.* It varies much in shape, 
size, direction, and mobility. If it reach far enough forwards, its relations are similar to 
those of the first thoracic rib ; part of the brachial plexus and the subclavian artery and 
vein cross over it, and are apt to suffer compression in so doing. Pressure on the artery 
may obstruct the circulation so much that arterial thrombosis results, causing gangrene 
of the finger-tips. Pressure on the nerves is commoner, and affects the eighth cervical 
and first thoracic nerves, causing paralysis of the muscles they supply, and neuralgic pains, 
trophic changes and parsesthesia in the area of skin to which they are distributed : no 
oculopupillary changes are to be found. If these symptoms be severe, removal of the rib 
or as much of it as causes pressure on the vessels and nerves is called for. The operation 
is not free from difficulty, and has been followed by paralysis of the muscles and by sub- 
clavian aneurysm, due to injuries inflicted in the course of the operation. 

The thorax is frequently found to be altered in shape in certain diseases. 

In rickets, the ends of the ribs, where they join the costal cartilages, become enlarged, 
giving rise to the so-called £ rickety rosary, 5 which in mild cases is only found on the internal 
surface of the thorax. Lateral to these enlargements the softened ribs sink in, so as to 
present a groove passing downwards and lateralwards on either side of the sternum. The 
ribs affected are the second to the eighth, the lower ones being prevented from falling in 
by the presence of the liver, stomach, and spleen ; and when the abdomen is distended, 
as it often is in rickets, the lower ribs may be pushed outwards, causing a transverse groove 
(Harrison’s sulcus) just above the costal arch. The sternum is forced forwards by the 
bending of the ribs, and the anteroposterior diameter of the thorax is increased ; this 
deformity, often asymmetrical, is known as pigeon breast. In many instances it is associated 
in children with obstruction in the upper air-passages, due to enlarged tonsils or adenoid 
growths. In some rickety children or adults, and also in others who give no history or 
further evidence of having had rickets, an opposite condition obtains. The lower part of 
the sternum and often the xiphoid process as well are deeply depressed backwards, pro- 
ducing an oval hollow in the lower sternal and upper epigastric regions ; this is known 
as ‘ funnel-breast.’ The phthisical chest is often long and narrow, with great obliquity of 
the ribs and projection of the scapulae. In pulmonary emphysema the chest is enlarged in 
all its diameters, and presents on section an almost circular outline. It has received the 
name of the 4 barrel-shaped chest.’ In severe cases of lateral curvature of the vertebral column 
the thorax becomes much distorted. In consequence of the rotation of the bodies of the 
vertebrae which takes place in this disease, the ribs opposite the convexity of the dorsal 
curve become extremely convex behind, being thrown out and bulging, and at the same 
time flattened in front, so that the two ends of the same rib are almost parallel. Coinci- 
dently with this the ribs on the opposite side, on the concavity of the curve, are sunk and 
depressed behind, and bulging and convex in front. 

More or less shrinkage of one side of the thorax is often seen as a consequence of 
adhesive pleurisy, in which the pulmonary and parietal pleurae adhere closely to one 
another and the lung becomes collapsed and fibrosed. If this process be at all complete, 
great deformity of the chest results, the ribs on the affected side falling in, together with 
obliteration of the intercostal spaces ; the contents of the mediastinal cavity are pulled 
over towards the affected side, and the other lung becomes emphysematous compensa- 
torily. The vertebral column becomes scoliotic, with the concavity of the curve towards 
the affected side. 


THE SKULL 

The skull is supported on the top of the vertebral colunni, and is of an 
ovoid shape, wider behind than in front. It is composed of a series of flattened 
or irregular bones which, with the exception of the mandible, are immovably 
jointed together. It is divisible into : (1) the cranium , which consists of 

* W. Thorbum, The Med . Chronicle , Manchester, 4th series, xiv. 1907. 
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fifteen bones, and (2) the skeleton of the face , 
follows : 


[ Cranium , 15 bones 


Skull, 22 bones \ 


[.Face, 7 bones 


which consists of seven, as 

"Occipital. 

Sphenoidal. 

Two Temporals. 

Two Parietals. 

Frontal. 

“ Ethmoidal. 

Two Inferior Nasal Conchae. 
Two Lacrimals. 

Two Nasals, 

^ Vomer. 
fTwo Maxillae. 

I Two Palatines. 

1 Two Zygomatics. 
iMandible. 


The hyoid bone, situated at the root of the tongue and attached to the base 
of the skull by ligaments, is described in this section. 


THE CRANIAL BONES (OSSA CRANII) 

The Occipital Bohe (Os Oocipitale) 

The occipital bone (figs. 288, 289), situated at the posterior and inferior 
part of the cranium, is trapezoid in shape and concave forwards. It is pierced 
by a large oval aperture, the foramen magnum , through which the cranial cavity 
communicates with the vertebral canal. The expanded plate above and 
behind this foramen is named the squama ; the thick, somewhat quadrilateral 
piece in front of it is called the basilar 'part ; whilst on either side of it is the 
lateral portion. 

The squama of the occipital bone, situated above and behind the foramen 
magnum, is curved from above downwards and from side to side. 

The external surface of the squama is convex and presents midway between 
the summit of the bone and the foramen magnum a prominence, the external 
occipital protuberance. Extending lateralwards from this on either side are 
two curved lines, one a little above the other. The upper line, often faintly 
marked, is named the highest nuchal line (linea nuchae suprema), and to it the 
galea aponeurotica (epicranial aponeurosis) is attached. The louder line is 
termed the superior nuchal line. The part of the external surface above the 
highest nuchal lines is named the planum occipitale ; it is smooth, and covered 
with the Occipitalis muscle. The part below the highest nuchal line is termed 
the planum nuchale , and is rough and irregular for the attachment of several 
muscles. From the external occipital protuberance a ridge, the median nuchal 
line , often faintly marked, descends to the foramen magnum, and affords 
attachment to the ligament um nuchae ; running lateralwards from the middle 
of this line on either side is the inferior nuchal line. Several muscles (fig. 288) 
are attached to the outer surface of the. squama, thus : the superior nuchal 
line gives origin to the Occipitalis and Trapezius, and insertion to the Sterno- 
cleidomastoideus and Splenius capitis ; into the surface between the superior 
and inferior nuchal lines the Semispinalis capitis and the Obliquus capitis 
superior are inserted ; the inferior nuchal line and the area below it receive 
the insertions of the Recti capitis posteriores major and minor. The posterior 
atlanto-occipital membrane is attached around the posterolateral part of the 
foramen niagmim, just outside the margin of the foramen. 

The internal surface of the squama is deeply concave and divided into four 
fossae by a cruciate eminence , one limb of which is in the median sagittal plane, 
the other transverse. The upper two fossae are triangular, and lodge the 
posterior parts of the occipital lobes of the cerebrum ; the lower two are 
quadrilateral and support the hemispheres of the cerebellum. At the point 



197 


THE OCCIPITAL BONE 

of intersection of the limbs of the cruciate eminence is the internal occipital 
protuberance. The upper division of the sagitta] limb of the cruciate eminence 
runs from this protuberance to the superior angle of the bone, and on one side 
of it (generally Hie right) is a wide groove, the sagittal sulcus , which lodges 
the hinder part of the superior sagittal sinus ; to the margins of this sulcus the 
posterior part of the falx cerebri is attached. The lower division of the sagittal 
limb of the cruciate eminence is prominent, and is named the internal occipital 
crest ; it gives attachment to the falx cerebelli, and bifurcates near the foramen 
magnum ; in the attached margin of this falx is the occipital sinus, which is 
sometimes duplicated. At th^ lower part of the internal occipital crest, a 
small depression is sometimes distinguishable ; it is termed the vermian fossa , 


Fio. 288 , — The occipital bone. External aspect. 



since it is occupied by part of the vermis of the cerebellum. The right and left- 
parts of the transverse limb of the cruciate eminence are each marked by a 
transverse sulcus , which extends lateralwards from the internal occipital pro- 
tuberance. ; these sulci accommodate the transverse sinuses, and their margins 
give attachment to the tentorium cerebelli. The right transverse sulcus is 
usually larger than the left, and continuous with the sagittal sulcus ; but the 
left may be larger than the right, or the two may be almost equal in size. 
The angle of union of the, superior sagittal and transverse sinuses is named the 
confluence of the sinuses or torcular ILerophili* and its position is indicated 
by a depression on one or other side of the protuberance. 

The superior angle of the squama articulates with the occipital angles of 
the parietal bones, and, in the foetal skull, corresponds in position with the 
occipital fonticulus (posterior f ontanelle) . The lateral angles are at the ends 
of the transverse sulci ; each is received into the interval between the mastoid 
angle of the parietal bone and the mastoid part of the temporal bone. The 

* The columns of blood coming in different directions were supposed to be pressed together 
at this point ( torcular , a wine-press). 
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lambdoid or superior borders extend from the superior to the lateral angles • 
they are serrated for articulation with the occipital borders of the parietal bones* 
and form by this union the lambdoid suture. The mastoid or inferior borders 
extend from the lateral angles to the jugular processes ; each articulates with 
the mastoid process of the corresponding temporal bone. 

The basilar part of the occipital bone extends forwards and upwards 
from the foramen magnum, and presents in front a more or less quadrilateral 
surface. In the young skull this surface is rough and uneven, and is joined 


Tig. 289. — The occipital bone. Internal aspect. 
Superior angle 



the sphenoidal bone by a plate of cartilage. By the twenty- 
«id mdCre °" “4 occipital 

marnnm 6 iS&' SW/aCe t ^ b f sil f part > about 1 cm ‘ front of the foramen 
of thephar^^ A nnTf? T bl ° h gives attachment to the fibrous raphe 

the pharynx. On either side of the middle line the Lon<ms canitis mid 
Rectus capitis anterior are inserted, and immediately in front "of the P foramen 
magnum the anterior atlanto-oecipital membrane is attached. 

The superior surface of the basilar part consists of a broad shallow oronw 

? 6 “*** oS°e W fofamS 

ma fa num , it supports the medulla oblongata and the lower nart of mm 

S thT T men f V6S attacbment t0 the mLbrana tecLia.’ 
inferior petrosal sinuses fJJ-k f lrface are *he inferior petrosal sulci for the 
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The lateral parts of the occipital bone are situated at the sides of the 
foramen magnum ; on their inferior surfaces are two oval processes, the occipital 
condyles, for articulation with the superior facets of the atlas or first cervical 
vertebra. The condyles are oval or reniform in shape, with their long axes 
running forwards and medial wards, so 
that their anterior ends are closer 
together than their posterior, and 
encroach on the basilar portion of the 
bone ; the posterior ends extend back 
to the level of the middle of the foramen 
magnum. The articular surfaces of the 
condyles are convex from before back- 
wards and from side to side ; they look 
downwards and lateralwards, and are 
occasionally constricted near their 
centres. On the medial side of either is 
a rough impression or tubercle for the 
alar ligament. Above the anterior part 
of either condyle is the hypoglossal canal 
(anterior condyloid foramen) ; this 
canal begins on the cranial surface of 
the bone a short distance above the 
anterior part of the foramen magnum, 
and is directed lateralwards and for- 
wards. It may be partially or com- 
pletely divided into two by a spicule 
of bone ; it gives exit to the hypoglossal 
nerve, and entrance to a meningeal 
branch of the ascending pharyngeal artery. Behind either condyle is a depres- 
sion, the condyloid fossa, which receives the posterior margin of the corresponding 
superior facet of the atlas when the head is bent backwards ; the floor of this 
fossa is sometimes perforated by the condyloid canal, through which an emissary 
vein passes from the transverse sinus. Extending lateralwards from the 
posterior half of the condyle is the jugular process, a quadrilateral plate of 
bone, indented in front by the jugular notch which, in the articulated skull, 
forms the posterior part of the jugular foramen. The j ugular notch is sometimes 
divided into two by a bony spicule, the intrajugular process, which projects 
forwards and lateralwards. The under surface of the jugular process is rough, 
and gives attachment to the Rectus capitis lateralis ; from this surface an 
eminence, the paramastoid process , sometimes projects downwards, and may 
be of sufficient length to articulate with the transverse process of the atlas. 
Laterally the jugular process presents a rough quadrilateral or triangular 
area which is joined to the jugular surface of the temporal bone by a plate 
of cartilage ; after the age of twenty-five this plate tends to ossify. 

On the superior surface of the lateral part is an oval eminence, the tuber culum 
jugulare , which overlies the hypoglossal canal ; behind this tubercle is a shallow 
furrow for the glossopharyngeal, vagus, and accessory nerves. On the superior 
surface of ’the jugular process is a deep groove which curves medialwards and 
forwards around an upwardly directed hook shaped process, and ends at the 
jugular notch. This groove lodges the terminal part of the transverse sinus, 
and, close to the medial margin of the groove, the condyloid canal opens. 

The foramen magnum is a large oval aperture with its long diameter in 
the median sagittal plane. The foramen is wider behind than in front, where it 
is encroached upon by the occipital condyles. It transmits the medulla oblon- 
gata and its membranes, the spinal portions of the accessory nerves, the vertebral 
arteries, the anterior and posterior spinal arteries, the membrana tectoria, 
and the alar ligaments. 

Structure.— The occipital, like the other cranial bones, consists of two compact 
lamellse, called the outer and inner tables, between which is the spongy substance 
or diploe ; the bone is thick at the ridges, protuberances and condyles, and at the 
anterior portion of the basilar part ; in the lower parts of the inferior fossae it is thin, 
semitransparent, and destitute of diploe. 

Ossification (fig. 290). — The part of the squama above the highest nuchal line 


Tig. 290. — The occipital bone at birth. 
External aspect. 


Upper part 
of squama 


Lower part 
of squama 

K ordering’ s 
centre 



Basilar part 
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is developed in membrane, and is ossified from two centres,* one appearing on 
either side of the middle line about the second month of foetal life ; this part of 
the squama may remain separate throughout life, and is then known as the inter- 
parietal bone. The rest of the occipital bone is developed in cartilage. The lower 
part of the squama is ossified from two centres, which appear about the seventh week 
of foetal life and soon unite to form a single piece. Union of the upper and lower 
portions of the squama takes place in the third month of foetal life. An occasional 
centre appears in the posterior margin of the foramen magnum about the sixteenth 
week (Kerckring) ; it unites with the rest of the squama before birth. Each of 
the lateral parts ossifies from a single centre which appears during the eighth week 
of foetal life. The basilar portion is ossified from one centre * which appears about 
the sixth week of foetal life. About the fourth year the squama unites with the 
lateral portions, and about the sixth year the bone consists of a single piece.^ Between 
the eighteenth and twenty-fifth years the occipital and sphenoidal bones unite to form 
a single bone. 


The Sphenoidal Bone (Os Sphenoidale) 

The sphenoidal body (figs. 291 to 293) is situated at the base of the skull, 
in front of the temporal bones and the basilar part of the occipital bone. 


Eig. 291. — The sphenoidal bone. Superior aspect. 



It somewhat resembles a bat with wings extended, and consists of a central 
portion or body, two great and two small wings extending lateral wards from the 
sides of the body, and two pterygoid processes which are directed downwards 
from the adjoining parts of the body and great wings. 

The body of the sphenoidal bone, more or less cubical in shape, contains 
two large cavities, the sphenoidal air -sinuses, separated from each other by a 
septum. 

The cerebral or superior surface of the body (fig. 291) presents in front the 
ethmoidal spine , for articulation with the lamina cribrosa of the ethmoidal 
bone ; behind this is a smooth surface, which is faintly grooved on either side 
of the middle line for the olfactory tracts of the brain. The superior surface 
is bounded behind by a ridge, which forms the anterior border of a transverse 
groove, the sulcus chiasmatis (optic groove) ; this sulcus ends on either side in 
the optic foramen. Posterior to the sulcus is a more or less oval elevation, 
the tuber culum settee; and behind this is a deep depression, the sella turcica, 
the deepest part of which lodges the hypophysis cerebri and is known as the 
fossa hypophyseos. The anterior boundary of the sella turcica is completed 
* Mall, American Joumal of Anatomy, vol. v. 1906. 
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backwards and medial wards ; those on the inferior are convex, and are directed 
forwards and lateralwards. The inferior articular processes are closer together 
than the superior, and, in the articulated vertebral column, are embraced by 
the superior processes cf the subjacent vertebra. The transverse processes are 
situated in front of the articular processes instead of behind them as in the 
thoracic vertebrae, and are homologous with the ribs. Those of t he ripper three 
vertebrae arise from the junctions of the pedicles and laminae, and are long, 
slender, and horizontally directed ; those of the lower two vertebra* incline 
a little upwards, and spring from the pedicles and posterior parts of the bodies. 
The transverse process of the first lumbar vertebra is sometimes developed 
as a separate piece which may remain ununited with the rest of the bone, 
thus forming a lumbar rib. Of the tubercles noticed in connexion with the 
transverse processes of the lower thoracic vertebras, the superior is connected 
in the lumbar region with the posterior part of the superior articular process, 
and is named the mamillary process ; the inferior is situated at the posterior 
part of the base of the transverse process, and is called the accessory process 
(fig. 257).* 

The fifth lumbar vertebra (tig. 258) is characterised by its body being 
considerably deeper in front than behind, a condition which accords with the 
prominence of the sacro vertebral articulation ; by the small size of its spinous 
process ; by the wide interval between the inferior articular processes ; and 
by the thickness of its transverse processes, which spring from the body as 
well as from the pedicles. 


The Sacrum (Os Sacrum) 

The sacrum is a large, wedge-shaped bone formed by the f usion of the live 
sacral vertebra. It is situated at the upper and posterior part of the pelvic 
cavity, where it is inserted like a wedge between the two hip-bones. "Its 
base projects upwards and forwards to articulate with the fifth lumbar vertebra 
and form with it the prominent sacrovertebral angle ; its apex articulates with 
the coccyx. The bone is placed very obliquely and is curved longitudinally 
with a dorsal convexity, so that its central part is projected upwards and 
backwards to give increased capacity to the cavity of the Lesser pelvis. The 
sides of the wedge are somewhat sinuous in outline since the third sacral vertebra 
is rather wider than the second. The sacrum has a pelvic, a dorsal, and two 
lateral surfaces, a base, an apex, and a central canal. 

The pelvic surface of the sacrum (fig. 2501 is concave from above downwards, 
and slightly so from side to side. It is crossed transversely by four ridges, which 
correspond in position with the original planes of separation between the five 
segments of the bone ; the portions separated by the ridges are the bodies of t he 
sacral vertebrae. The body of the first vertebra is of large size, and in form 
resembles that of a lumbar vertebra ; the succeeding ones diminish from above 
downwards, are flattened from before backwards, and curved to accommodate 
themselves to the form of the sacrum, being concave in front, and convex 
behind. On either side, at the ends of the ridges are the four anterior sacral 
foramina, somewhat rounded in form, diminishing successively in size from 
above downwards, and directed lateralwards and forwards : they open from 
the sacral canal and give exit to the anterior divisions of the sacral nerves, 
and entrance to the lateral sacral arteries. On either side of these foramina 
are the lateral parts of the sacrum, each consisting of five separate segments 
at an early period of life ; in the adult, these are blended with the bodies and 
with each other. Each lateral part is traversed by four broad, shallow grooves, 
for the anterior divisions of the sacral nerves ; the grooves are separated 
from one another by prominent ridges which give origin to the Piriformis. 

In a medial sagittal section of the sacrum (fig. 263) the central parts of 
the bodies of the sacral vertebrae are seen to be separated by intervals which, 

* The mamillary and accessory processes ‘ are merely muscular processes which, represented 
. and conjoined in the thoracic region, become separated in the lumbar region by the passage 
of the internal branch of the posterior division of the lower thoracic and lumbar nerves between 
/them.’ (Wood Jones. Journal of Anatom n and PhvAialnttv- -xrci\ vlvii . -n ITS V 
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laminse. A lateral recess may extend from one or other sinus into the great 
wing and lingula ; * the sinuses occasionally reach into the basilar part of 
the occipital bone nearly as far as the foramen magnum. In the articulated 
skull they are closed, in front and below, by the sphenoidal conchce (p. 205), 
only a round opening being left in the anterior wall of each sinus by which 
it communicates with the spheno-ethmoidal recess at the upper and posterior 
part of the nasal cavity, and occasionally with the posterior ethmoidal air-sinuses. 
Each half of the anterior surface of the body of the sphenoidal bone consists 
of two parts : (a) an upper and lateral depressed area which completes, with the 
labyrinth of the ethmoidal bone, the posterior ethmoidal air-sinuses ; its lateral 
margin articulates with the lamina papyracea of the ethmoidal bone above, 
and with the orbital process of the palatine bone below ; (b) a lower and medial, 
smooth, triangular area which forms the posterior part of the roof of the nose ; 
near its superior angle is the round orifice leading from the sphenoidal sinus. 


Fig. 293. — The sphenoidal bone. Antero-inferior aspect. 



The inferior surface of the body (fig. 293) presents, in the middle line, a 
triangular spine, the sphenoidal rostrum , which, in the articulated skull, projects 
into a deep fissure between the anterior parts of the alse of the vomer. The 
posterior, triangular parts of the sphenoidal conchas extend backwards on the 
sides of the rostrum, and articulate with the alae of the vomer. On either side 
of the posterior part of the rostrum, and immediately behind the apex of 
the sphenoidal concha, is a projecting lamina, the vaginal process , directed 
mediahvards from the base of the medial pterygoid lamina, with which it 
will be described. 

The great wings (alae magnae) of the sphenoidal bone are two strong pro- 
cesses, which curve upwards and lateralwards from the sides of the body. The 
posterior part of each is triangular and fits into the angle between the petrous 
portion and the squama of the temporal bone ; projecting downwards from 
the apex of this triangular portion is a pointed process named the spina angular is, 
on the medial side of which there is usually a groove, directed downwards and 
forwards, for the chorda tympani nerve. f * To the spina angularis are attached 
the sphenomandi bular ligament and a part of the Tensor veli palatini. 

* V. Z. Cope (Journal of Anatomy and Physiology, vol. li. part ii.) found a well-marked lateral 
recess m 72 out of 292 sinuses examined, and pointed out that the hypophysis, the anterior part 
of the internal carotid artery, the optic and maxillary nerves, and the nerve of the pterygoid 
canal may give rise to elevations in the walls of the sinuses. 

t R; Clements Lucas, Proceedings of the Anatomical Society of Great Britain and Ireland, 
November, 1894. 
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The cerebral or superior surface of the great wing (fig. .291) forms part of 
the floor of the middle. fossa, of the skull ; it is deeply concave and presents 
depressions corresponding with the convolutions of the anterior part of the 
temporal lobe of the brain. At its anteromedial part is a circular aperture, 
the foramen * rotundum , for the passage of the maxillary nerve. Behind and 
lateral to this foramen is the foramen ovale , for the transmission of the mandi- 
bular nerve, the accessory meningeal artery, and sometimes the lesser superficial 
petrosal .nerve. 4 ' Medial to the foramen ovale, a small aperture, the foramen 
Vesalii ., is often seen ; when present it opens below at the lateral side of the 
scaphoid fossa, and transmits a small vein from the cavernous sinus. In the 
posterior angle,, near to but in front of the spina angularis, is a short canal, 
the foramen spinosum, which transmits the middle meningeal artery and the 
nervus spinosus. 

The lateral surface of the great wing (fig. 293) is convex from above down- 
wards, and is divided by a transverse ridge, the infratemporal crest , into an 
upper or temporal and a lower or infratemporal surface. The temporal surface , 
concave from before backwards, forms a portion of the temporal fossa, and 
gives origin to a part of the Temporalis. The infratemporal surface is concave 
and directed downwards ; it forms a part of the infratemporal fossa, and, 
together with the infratemporal crest, gives origin to the upper head of the 
Pterygoideus externus. It is pierced by the foramen ovale and foramen 
spinosum, and at its posterior part is the spina angularis. Medial to the anterior 
extremity of the infratemporal crest is a triangular process w r hich serves to 
increase the attachment of the Pterygoideus externus. A ridge runs downwards 
and medialwards from this triangular process to the front of the lateral pterygoid 
lamina ; it forms the anterior limit of the infratemporal surface, and, in the 
articulated skull, the posterior boundary of the pterygomaxillary fissure. 

The orbital surface of the great wing (fig. 293), quadrilateral in shape, is 
directed forwards and medialwards and forms the posterior part of the lateral 
wall of the orbit. Its upper serrated edge articulates with the orbital plate 
of the frontal bone ; its lateral serrated margin with the zygomatic bone. 
Its inferior smooth border forms the posterolateral boundary of the inferior 
orbital fissure. Its medial sharp margin constitutes the lower boundary of 
the superior orbital fissure ; projecting from near the centre of this margin is a 
small tubercle which gives an attachment to part of the Rectus lateralis oculi. 
Below r the medial end of the superior orbital fissure is a grooved surface, which 
forms the posterior wall of the pterygopalatine fossa, and is pierced by the. 
foramen rotundum. 

The margin of the great wing (fig. 291). — The portion of the margin of the 
great wing which extends from the body to the spina angularis is irregular. 
Its medial half forms the anterior boundary of the foramen lacerum, and presents 
the posterior aperture of the pterygoid canal for the passage of the corresponding 
nerve and artery. Its lateral half articulates, by means of a synchondrosis, 
with the petrous portion of the temporal bone, and between the two bones, 
on the under surface of the skull, is a furrow, the sulcus tubce, for the lodgment 
of the cartilaginous part of the auditory tube. Extending forwards from the 
spina angularis is the squamosal margin , a concave, serrated edge, bevelled 
at the expense of the inner surface below, and of the outer surface above, for 
articulation with the temporal squama. The tip of the great wing, or parietal 
angle , is bevelled at the expense of the inner surface, and articulates with the 
sphenoidal angle of the parietal bone. Medial to this is a triangular rough 
area, for articulation with the frontal bone ; the medial angle of this area is 
continuous with the sharp edge which forms the lower boundary of the superior 
orbital fissure, and the anterior angle with the serrated margin for articulation 
with the zygomatic bone. 

The small wings (alse parvse) of the sphenoidal bone are two triangular 
plates, which project lateralwards from the upper and anterior parts of the body, 
and end in sharp points (figs. 291, 292). The cerebral surface of each is smooth, 
and supports a small part of the frontal lobe of the brain. The inferior surface 
forms the posterior part of the roof of the orbit, and the upper boundary of 
the superior orbital fissure ; it overhangs the anterior part of the middle fossa 

* The lesser superficial petrosal nerve sometimes passes through a special canal ( canaliculus 
innom-inatus of Arnold) on the medial side of the foramen spinosum. 
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of the skull The superior orbital fissure is triangular in shape and leads from 
the cranial cavity into that of the orbit ; it is bounded medially by the body 
of the sphenoidal bone; above, by the small wing; below, by the medial 
margin of the orbital surface of the great wing; and is completed laterally, 
between the great and small wings, by the frontal bone. It transmits to the 
orbital cavity the oculomotor, trochlear, and abducent nerves, the three branches 
of the ophthalmic division of the trigeminal nerve, and some filaments from 
the cavernous plexus of the sympathetic; and from the orbital cavity the 
recurrent meningeal branch of the lacrimal artery, and the ophthalmic veins. 
The frontal or anterior border of the small wing is serrated for articulation with 
the posterior edge of the orbital plate of the frontal bone. The posterior border 
is smooth and projects into the lateral cerebral fissure , the medial end of this 
border forms the anterior dinoid process which gives attachment to the anterior 
end of the free border of the tentorium cerebelli. The anterior and middle 
ciinoid processes are sometimes united by a spicule of bone, and when this 
occurs the end of the groove for the internal carotid artery is converted into a 
foramen (caroticoclinoid foramen). The small wing is connected to the body 
by two roots, the upper thin and fiat, the lower thick and triangular ; between 
these is the optic foramen, for the transmission of the optic nerve and ophthalmic 
artery to the orbital cavity. 

The pterygoid processes of the sphenoidal bone (figs. 292, 293), one on 
either side, descend perpendicularly from the. regions where the body and great 
wings unite. Each process consists of a medial and a lateral lamina, the upper 
parts of which are fused anteriorly; a shallow groove, the pterygopalatine 
sulcus , descends on the front of the line of fusion, and forms, in the articulated 
skull, the posterior wall of the pterygopalatine canal. The laminse are separated 
below by an angular cleft, the pterygoid fissure, the rough margins of w'hich 
articulate with the pyramidal process of the palatine bone. The two laminae 
diverge behind, and between them is the wedge-shaped pterygoid fossa which 
contains the Pterygoideus internus and Tensor veli palatini. Above this 
fossa is a small, oval, shallow depression, the scaphoid fossa, which gives 
origin to part of the Tensor veli palatini. The anterior surface of the 
pterygoid process is broad and triangular near its root, where it forms 
the posterior wall of the pterygopalatine fossa ; on it is the anterior orifice of the 
pterygoid canal. 

The lateral lamina of the pterygoid process is broad, thin, and everted ; 
.its lateral surface forms part of the medial wall of the infratemporal fossa, and 
gives origin to the lower head of the Pterygoideus externus ; its medial surface 
forms the lateral wall of the pterygoid fossa, and gives origin to the greater part 
of the Pterygoideus internus. The lower part of its anterior border articulates 
with the palatine bone ; its posterior border is free. 

The medial lamina of the pterygoid process is narrower and longer than the 
lateral ; its lower extremity curves lateral wards into a hook-like process, 
the pterygoid hamulus , around which the tendon of the Tensor veli palatini 
glides. The lateral surface of this lamina forms the medial wall of the pterygoid 
fossa, and the Tensor veli palatini lies against it ; the medial surface constitutes 
the lateral boundary of the choana or posterior aperture of the corresponding 
nasal cavity. Superiorly the medial lamina is prolonged on to the under 
surface of the body as a thin plate, named the vaginal process, which articulates 
anteriorly with the sphenoidal process of the palatine bone and medially with 
the ala of the vomer. On the under surface of the vaginal process is a furrow 
which is converted into a canal by the sphenoidal process of the palatine bone ; 
this canal transmits the pharyngeal branch of the internal maxillary artery 
and the pharyngeal nerve from the sphenopalatine ganglion. The posterior 
margin of the medial lamina gives attachment in its entire length to the 
pharyngobasilar fascia (pharyngeal aponeurosis), and from the lower one-third 
of this margin the Constrictor pharyngis superior takes origin. At the upper 
end o’f this margin is a small pyramidal process named the pterygoid tubercle , 
immediately above which is the posterior opening of the pterygoid canal. 
Projecting backwards from near the middle of the margin is an angular process, 
the processus tubarius, which supports the pharyngeal end of the auditory 
tube. The anterior margin of the lamina articulates with the posterior border 
of the vertical part of the palatine bone. 



Fig-. 294. — The sphenoidal bone at birth. Posterior 
aspect. 
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The sphenoidal conchas (fig. 293) are two thin, curved plates, situated at 
the anterior and lower parts of the body of the sphenoidal bone ; the upper, 
concave surface of each forms the anterior wall and a part of the floor of 
the corresponding sphenoidal air-sinus. The sphenoidal conch* are usually 
more or less destroyed in the process of disarticulating the skull, but when 
seen in situ, each consists of an anterior, vertical, quadrilateral part and a 
posterior horizontal triangular part. The anterior, vertical portion consists 
°f’ ( a )&n upper and lateral, depressed area which completes the posterior 
ethmoidal air-smuses and articulates below with the orbital process of the 
palatine bone • an d (6) a lower and medial area, smooth and triangular, which 
forms part of the roof of the nasal cavity, and is perforated near its superior 
angle by a round opening through which the sphenoidal air-sinus com- 
municates with the spheno-ethmoidal recess of the nasal cavity. The anterior 
vertical portions of the two bones meet in the middle line, and are protruded 
downwards as the sphenoidal crest. The horizontal triangular portion of 
the concha forms a part 
of the roof of the nasal 
cavity, and completes the 
sphenopalatine foramen ; its 
medial margin articulates 
with the rostrum of the 
sphenoidal bone, and with 
the ala of the vomer ; its 
apex, directed backwards, 
lies medial to and above the 
vaginal process of the medial 
pterygoid lamina, and arti- 
culates with the posterior 
part of the ala of the vomer. 

A small piece of the sphenoidal concha sometimes appears in the medial wall 
of the orbit, between the lamina papyracea of the ethmoidal bone in front, the 
orbital plate of the palatine bone below, and the frontal bone above. 

Ossification. — Until the seventh or eighth month of foetal life the body of the 
sphenoidal bone consists of two parts — viz. one in front of the tuberculum sellse, 
the presphenoidal 'part, with which the small wings are continuous ; the other 
comprising the sella turcica and dorsum sellse, the postsphenoidal part, with which 
the great wings, and pterygoid processes are associated. A considerable part of 
the bone is ossified in cartilage. There are six centres for the presphenoidal and 
eight for the postsphenoidal part. 

Presphenoidal part. About the ninth week of foetal life a centre of ossification 
appears for each of the small wings, just lateral to the optic foramen ; shortly 
afterwards two centres appear in the presphenoidal part of the body. The sphenoidal 
conchse are each developed from a centre which makes its appearance about the 
fifth month * ; at birth they consist of small triangular laminae ; about the third 
year they become hollowed out and cone-shaped ; about the fourth year they 
fuse with the labyrinths of the ethmoidal bone, and between the ninth and twelfth 
years with the sphenoidal bone. 

Postsphenoidal part. — The first centres of ossification are those for the great 
wings. One appears below the foramen rotundum in the cartilage which forms 
the base of each wing about the eighth week. The following portions of the great 
wing are ossified in membrane, viz. : the parts surrounding the foramen ovale 
and foramen spinosum, the orbital plate, and the part found in the temporal fossa. f 
About the fourth month, two centres appear in the postsphenoidal part of the 
body, one on either side of the sella turcica, and fuse about the middle of foetal 
life. Each medial pterygoid lamina (with the exception of its hamulus) is ossified 
in membrane, and its centre probably appears about the ninth or tenth week ; 
the hamulus is chondrified during the third month, and almost at once begins 
to ossify .J The medial and lateral pterygoid lamina join about the sixth month. 
About the fourth month a centre appears for each lingula and speedily joins the 
rest of the bone. 


* According to Cleland, each sphenoidal concha is ossified from four centres, 
t E. Fawcett, Journal of Anatomy and Physiology , vol. xliv. 1910. 
t E. Fawcett, Anatomischer Anzeiger, March 1905. 
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The presphenoidal and the postsphenoidal parts of the body fuse about the 
eighth month of foetal life, and at birth the bone is in three pieces (fig. 294) : a central, 
consisting of the body and small wings, and two lateral, each comprising a great wing 
and pterygoid process. In the first year after birth the great wings and body unite, 
and the small wings extend medialwards above the anterior part of the body, and 
meet to form an elevated smooth surface, termed the jugum sphenoidale . By the 
twenty-fifth year the sphenoidal and occipital bones are completely fused. In the 
anterior part of the fossa hypophyseos there are occasionally seen the remains of 
the canalis craniopharyngeus , through which, in early fcetal life, the hypophysial 
diverticulum of the buccal ectoderm is transmitted (p. 135). 

Traces of the sphenoidal air-sinuses are seen as early as the third month of foetal 
life, but they do not attain their full size until after puberty. 

Certain parts of the sphenoidal bone are connected by ligaments which occasionally 
ossify. The more important of these ligaments are : the pterygospinous , stretching 
between the spina angularis and the upper part of the lateral pterygoid lamina (see fascia 
colli ) ; the mterclinoid \ joining the anterior to the posterior clinoid process ; and the 
caroticoclinoid , connecting the anterior to the middle clinoid process. 

Applied Anatomy . — Premature ossification or synostosis of the suture between the pre- 
and postsphenoidal parts (which normally begins to join at the eighth month) and of the 
sphenobasilar suture produces a characteristic physiognomy. This is best seen in profile, 
and consists in an abnormal depression of the bridge of the nose ; it is a feature often 
observed in dwarfs. 

Tumours and cysts of the hypophysis are removed by gaining access to the fossa hypo- 
physeos, either from below through the nose and the spenoidal air-sinuses, or from above 
by raising the brain from the anterior fossa of the cranial cavity. 


The Temporal Bones (Ossa Temporalia) 

The temporal bones are situated at the sides and base of the skull. .Each 
consists of five parts, viz. the squama, the mastoid, petrous, and tympanic parts, 
and the styloid process. 

The squama of the temporal bone forms the anterior and upper parts of the 
bone, and. is scale-like, thin and translucent. Its temporal or external surface 
(fig. 295) is smooth and. slightly convex ; it forms part of the temporal fossa 
and gives origin to the Temporalis muscle ; on its hinder part, above the 
opening of the external acoustic meatus, is a vertical groove for the middle 
temporal artery. A curved line, the temporal line or supramastoid crest , courses 
backwards and upwards, across its posterior part ; it serves for the attachment 
of the temporal fascia, and limits the origin of the Temporalis muscle. The 
boundary between the squama and the mastoid portion of the bone lies about 
1*5 cm. below the temporal line, and is frequently indicated by traces of the 
original squamosomastoid suture ; the external surface of this lower part of 
the squama is convex, and from its anterior part the Auricularis posterior takes 
origin. Between the anterior end of the temporal line and the posterosuperior 
sector of the opening of the external acoustic meatus is an angular depression, 
the suprameatal triangle of Macewen ; through this triangle an instrument 
may be pushed into the tympanic antrum. 

Projecting from the lower part of the squama is a long, arched process, the 
zygomatic process. The posterior part of this process is triangular in shape 
and springs from a broad base ; it is directed laterahvards, and its sur- 
faces are superior and inferior. The process is then twisted inwards and 
runs forwards, and the surfaces of this anterior portion are therefore medial 
and lateral. . The superior surface of the posterior part is concave, and 
continuous with the temporal surface of the squama ; the inferior surface is 
bounded by two roots, a posterior and an anterior, which converge as they 
approach the anterior part of the process. At the meeting point of the two 
roots is a small tubercle for the attachment of the temporomandibular liga- 
ment. ^ The posterior root is prolonged forwards from the surface of the squama 
immediately above the opening of the external acoustic meatus; its upper 
border is continuous behind with the temporal line. The anterior root juts 
almost horizontally from the side of the squama ; its inferior surface, convex 
from before backwards, is smooth for articulation with the articular disc of the 



207 


THE TEMPORAL BONES 

mandibular joint, and the whole root presents the form of a short semi- 
cylindrical bar, termed the articular tubercle (eminentia articularis). The 
articular tubercle forms the anterior boundary of the mandibular fossa. 

The anterior part of the zygomatic process is thin and flat. The superior 
border, long and thin, gives attachment to the temporal fascia j the inferior, 
short and arched, gives origin to some fibres of the Masseter. The lateral 
surface is convex and subcutaneous ; the medial is concave, and gives origin 
to part of the Masseter. The anterior end is deeply serrated and cut obliquely 
at the expense of the lower border ; it articulates with the temporal process of 
the zygomatic bone. In front of the articular tubercle is a small triangular 
area which forms a part of the infratemporal fossa, and is separated from the 


Fig. 295. — The left temporal bone. External aspect. 
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outer surface of the squama by a ridge ; this ridge is continuous behind with the 
anterior root of the zygomatic process, and in front, in the articulated skull, 
with the infratemporal crest on the great wing of the sphenoidal bone. The 
mandibular fossa (glenoid fossa) is bounded in front by the articular tubercle ; 
it consists of an anterior, articular portion, formed by the squama, and a 
posterior non-articular portion, formed by the tympanic part of the 
temporal bone. The articular portion, smooth, oval and deeply concave, 
articulates with the articular disc of the mandibular joint ; the non-articular 
portion sometimes lodges a small part of the parotid gland. A small, some- 
what conical, e min ence, the postglenoid tubercle , separates the lateral part 
of the articular portion from the anterior margin of the ^ tympanic part of the 
bone, and is the representative of a prominent tubercle which, in some mammals, 
descends behind the condyle of the mandible, and prevents its backward 
displacement ; the postglenoid tubercle is sometimes described as the third 
root of the zygomatic process. The medial part of the articular portion of 
the mandibular fossa is separated from the tympanic part of the bone by the 
lower edge of a plate which projects downwards from the tegmen tympani 
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of the petrous part of the hone ; between this plate and the tympanic part is 
the petrotympanic fissure (Glaserian fissure). This fissure leads into the middle 
ear or tympanic cavity ; it lodges the anterior process of the malleus, and 
transmits the anterior tympanic branch of the internal maxillary artery. The 
medial end of the fissure is known as the canal of Huguier ; it transmits the 
chorda tympani nerve. 

The cerebral or internal surface of the squama (fig. 296) is concave ; it presents 
depressions corresponding to the convolutions of the temporal lobe of the brain, 
and grooves for the branches of the middle meningeal vessels ; its lower border 
is united to the anterior surface of the petrous portion by the petrosquamosal 
suture, traces of which are frequently seen in the adult bone. 


Fig. 296. — The left temporal hone. Internal aspect. 
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The parietal or superior border is thin, bevelled at the expense of the internal 
surface, and overlaps the squamous border of the parietal bone, forming with 
it the squamosal suture. Posteriorly, the superior border forms an angle, 
the parietal notch , with the mastoid portion of the bone. The sphenoidal or 
antero-inferior border , thin above and thick below, articulates with the great 
wing of the sphenoidal bone ; its upper part is bevelled at the expense of the 
inner, its lower at the expense of the outer, surface. 

The mastoid portion of the temporal bone forms the posterior part of 
the bone. Its outer surface (fig. 295) is rough, and gives attachment to the 
Occipitalis, and Auricularis posterior. It is frequently perforated near its pos- 
terior border by the mastoid foramen which transmits a vein from the transverse 
sinus, and a small branch of the occipital artery to the dura mater ; the position 
and size of this foramen are very variable ; it may be situated in the occipital 
bone, or m the suture between the temporal and the occipital bones. The 
mastoid portion is continued below into a conical projection, the mastoid process , 
the size and form, of which vary somewhat ; it is largej* in the male than in 
the female. This process serves for the attachment of the Sternocleido- 
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mastoideus, Splenius capitis, and Longissimus capitis ; on its medial side is a 
deep groove, the mastoid notch (digastric fossa), for the attachment of the 
posterior belly of the Digastricus ; medial to this notch is a shallow farrow, 
the occipital groove , which lodges the occipital artery. 

On the inner surface of the mastoid portion (fig. 296) there is a deep, 
curved groove, the sulcus sigmoideus , which lodges part of the transverse sinus; 
in this sulcus is the opening of the mastoid foramen. The sulcus sigmoideus is 
separated from the innermost of the mastoid air-sinuses by a thin lamina of 
bone which may be partly deficient. 

The superior border of the mastoid portion is thick and serrated for arti- 
culation with the mastoid angle of the parietal bone. The posterior border , 
also serrated, articulates with the inferior border of the occipital bone between 


Eig. 297. — A coronal section through the right temporal bone. Anterior aspect. 
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the lateral angle and jugular process. Anteriorly the mastoid portion is fused 
with the descending process of the squama above ; below it enters mto the 
formation of the posterior wall of the tympanic cavity. 

A section of the mastoid process (fig. 297) exhibits a number of spaces, 

the mastoid air-sinuses, which vary greatly m size and nu mk e r- , ^ * ardTthe 
and front part of the process they are large a “ d ^ re ^ r ’ f b ^ t °^ ^ 
lower part they diminish in size, while those at the apex of ^e process are 
frequently quite small ; occasionally they are entirely absent, and the mastoid 
is then solid throughout. In addition to the mastoid 
irregular air-sinus, the tympanic antrum (mastoid antrum) is situated in 
the ™ andTont part of the process ; .it is lined with a prolongation of 
the mucous membrane of the tympanic cavity. It 1S °™ e T, . g 
plate of bone, the teamen tympani, which separates it from the middle fossa 
of the base of the skull ; laterally by the part of .the squama ^whmb i hes below 
cm nr a mastoid crest * on its medial wall is the lateral semicircular canal 

behind, the tympamc antrum commuincates 
with the mastoid air-sinuses ; in front it opens mto that portion of the 
tympanic cavity which is known as the attic . or ep^mpu^c recess. The 
tympanic antrum is a cavity of some considerable size at the time of birth, 
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the mastoid air -sinuses originate as diverticula from the antrum, and begin 
to appear at or before birth ; by the fifth year they are of considerable size, 
but their development is not completed until puberty. 

The petrous portion or pyramid of the temporal bone is wedged between 
the sphenoidal and occipital bones at the base of the skull (figs. 351, 352). 
It is directed medialwards, forwards, and a little upwards, and has a base, 
an apex, three surfaces, and three angles (margins). The essential parts of 
the organs of, hearing and equilibrium are placed within it. 

The base is fused with the squama and the mastoid portion. 

The apex, rough and uneven, is received into the angular interval between 
the posterior border of the great wing of the sphenoidal bone and the basilar 
part of the occipital bone ; it is pierced by the anterior or internal orifice of the 
carotid canal, and forms the posterolateral boundary of the foramen lacerum. 

The anterior surface forms the posterior part of the middle fossa of the 
skull, and is continuous with the inner surface of the squama, to which it is 
united by the petrosquamosal suture, remains of which are distinct even at 
a late period of life. It is marked by depressions for the convolutions of the 


Fig. 298. — A diagrammatic view of the lateral end of the right internal acoustic 
meatus. (Testut.) 
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brain, and presents six points for examination : (1) hear the centre is the 
eminentia arcuata, which indicates the situation of the superior semicircular 
canal ; (2) in front of and lateral to this eminence is a depressed area which 
forms the roof of the tympanic cavity and consists of a thin plate of bone 
known as the tegmen tympani ; a thin scale of this descends between the 
squama and the tympanic plate, and forms the anterior boundary of the petro- 
tympanic fissure, and the greater part of the lateral wall of the semicanal 
for the Tensor tympani muscle ; (3) a shallow groove, sometimes double, 
leads backwards and lateralwards to an oblique opening, the hiatus of the facial 
canal , for the passage of the greater superficial petrosal nerve and the petrosal 
branch of the middle meningeal artery ; (4) lateral to the hiatus there is 
occasionally a smaller opening for the passage of the lesser superficial petrosal 
nerve’ ; (5) near the apex of the bone is the end of the carotid canal, the anterior 
wall of which is deficient ; (6) above this canal is the shallow 7 trigeminal impression 
for the reception of the semilunar ganglion of the trigeminal nerve. 

The posterior surface (fig. 296) forms the anterior part of the posterior fossa 
of the skull, and is continuous with the inner surface of the mastoid portion. 
Near the centre of this surface is an orifice of varying size, the poms acusticus 
internus leading into the internal acoustic meatus , a canal, about 1 cm. in length, 
which runs lateralwards. It transmits the facial and acoustic nerves and the 
internal auditory branch of the basilar artery. The lateral end of the internal 
acoustic meatus is separated from the internal ear by a vertical plate, which 
is divided by a horizontal crest, the crista transversa, into two unequal portions 



the temporal bones 211 

(fig. 298). Below the posterior part of the crista trans versa, and situated 

or me i - saccule , below and behind this area is the foramen sinaulare 

which gives passage to the nerve to the posterior semicircular duct Below 
the aateuor part of the crista transversa is the tractus spiralis foraminosus 
consisting of a number of small spirally arranged openings, which encircle 
the Mmlis centmhs cochlece ; these openings together with the canalis centralis 
cochleee tiansmit the nerves to the cochlea. The portion above the crista 
transveisa displays behind, the area vestibularis superior, pierced by a series 
of small openings for the passage of the nerves to the utricle and thj superior 
and lateral semicircular ducts, and, in front, the area facialis, with one large 
opening v hich is the commencement of the canalis facialis (aqueeductus Fallopii) 


Fig. 299. — The left temporal bone. Inferior 


aspect. 
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and transmits the facial nerve. Behind the porus acusticus internus is a small 
slit almost hidden by a thin plate of bone, leading to a canal, the aquceductus 
vestibuli , which contains the ductus endolymphaticus together with a small artery 
and vein. Above and between these two openings is an irregular depression 
which lodges a process of the dura mater and transmits a small vein ; in the infant 
this depression is represented by a large fossa, the fossa subarcuata , which extends 
backwards as a short, blind tunnel under the superior semicircular canal. 

The inferior surface (fig. 299), rough and irregular, forms part of the 
external surface of the base of the skull. It presents the following parts for 
examination : (1) near the apex is a quadrilateral rough surface, which serves 
partly for the attachment of the Levator veli palatini and the cartilaginous por- 
tion of the auditory tube, and partly for connexion with the basilar part of the 
occipital bone through the intervention of some dense fibrous tissue ; (2) behind 
this is a large, nearly circular aperture, the inferior opening of the carotid canal ; 
this canal runs at first -vertically, and then, making a bend, is directed hori- 
zontally forwards and medialwards ; it transmits into the cranium the internal 
carotid artery, and the carotid plexus of nerves ; (3) behind this opening is a 
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deep depression, the jugular fossa, of variable depth and size in different skulls ; 
it lodges the bulb of the internal jugular vein ; (4) in front of the medial part 
of the jugular fossa and directly below the porus acusticus internus is a triangular 
depression ; at the apex of this depression is a small opening, the aquceductus 
cochlece, which lodges a tubular prolongation of the dura mater, and transmits 
a vein from the cochlea to join the internal jugular vein ; (5) in the bony ridge 
dividing the carotid canal from the jugular fossa is the small inferior tympanic 
canaliculus for the passage of the tympanic branch of the glossopharyngeal 
nerve (nerve of Jacobson) ; (6) in the lateral part of the jugular fossa is the 
mastoid canaliculus for the entrance of the auricular branch of the vagus nerve 
(nerve of Arnold) ; (7) behind the jugular fossa is the jugular surface , a rough 
quadrilateral area covered with cartilage in the recent state, and articulating 
with the jugular process of the occipital bone ; (8) extending later alwards 
from the carotid canal is the sharp lower border of the tympanic part of the 
bone ; ' the lateral part of this border splits to ensheath the root of the styloid 
process and is therefore named the vagina processus styloidei (vaginal process) ; 
(9) emerging from its sheath is the styloid process , which is about 2*5 cm. in 
length, and is directed downwards and forwards ; (10) between the styloid 
and mastoid processes is the stylomastoid foramen ; this foramen is the end of the 
facial canal, and transmits the facial nerve and stylomastoid artery. 

The superior angle (superior margin), the longest, is grooved for the superior 
petrosal sinus, and gives attachment to the tentorium cerebelli ; at its medial 
extremity is a shallow notch, in which the trigeminal nerve lies. The posterior 
angle (posterior margin) is intermediate in length between the superior and 
the anterior. Its medial part is marked by a sulcus, which forms, with a 
corresponding sulcus on the occipital bone, the channel for the inferior petrosal 
sinus. Behind this is the jugular fossa which, with the jugular notch on the 
occipital bone, forms the jugular foramen ; an eminence occasionally projects 
from the centre of the fossa, and divides the foramen into tw r o. The anterior 
angle (anterior margin) is divided into two parts — a lateral, joined to the squama 
at the petrosquamosal suture ; a medial, free, for articulation with the great 
wing of the sphenoidal bone. 

At the angle of junction of the petrous part and the squama are two canals 
placed one above the other, and separated by a thin plate of bone, the septum 
canalis musculotubarii (processus cochleariformis). Both canals lead into the 
tympanic cavity ; the upper (semicanalis m. tensoris tympani) transmits 
the Tensor tympani, the lower (semicanalis tubae auditivse) forms the bony 
part of the auditory tube. 

The tympanic part of the temporal bone (fig. 299) is a curved plate lying 
below the squama and in front of the mastoid process. Internally, it is fused 
with the petrous portion, and appears in the angle between it and the squama, 
where it lies below and lateral to the orifice of the auditory tube. Behind, it 
fuses with the squama and the mastoid process, and forms the anterior boundary 
of the tympanomastoid fissure. Its posterior surface is concave, and forms 
the anterior wall, the floor, and a part of the posterior wall of the bony external 
acoustic meatus ; at the medial end of this surface is a narrow furrow, the 
tympanic sulcus , for the attachment of the circumference of the tympanic 
membrane. Its anterior surface , quadrilateral and slightly concave, constitutes 
the posterior wall of the mandibular fossa, and is sometimes in contact with 
a part of the parotid gland. Its lateral border , free and rough, forms a large 
part of the margin of the porus acusticus externus , and gives attachment to the 
cartilaginous part of the external acoustic meatus, The lateral part of the 
upper border is fused with the back of the postglenoid process ; its medial part 
forms the posterior boundary of the petrotympanic fissure. The lower border is 
sharp ; its lateral part splits to enclose the root of the styloid process, and is 
therefore named the vagina processus styloidei (vaginal process). The central 
portion of the tympanic part of the temporal bone is thin, and in a con- 
siderable percentage of skulls is perforated by the foramen of Huschke. 

The external acoustic meatus , about 16 mm. long, is directed inwards and 
slightly forwards and downwards, and the floor of the meatus is convex upwards. 
In sagittal section the meatus is oval or elliptical in shape with the long axis 
directed downwards and slightly backwards. Its anterior wall and floor and 
the lower part of its posterior wall are formed by the tympanic part of the 
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bone ; the roof and the upper part of the posterior wall by the squama. Its 
inner end is closed, in the recent state, by the tympanic membrane ; its 
outer end (porus acusticus externus) is bounded above by the posterior root 
of the zygomatic process, below which a small spine, the suprameatal spine , 
is sometimes seen at the upper and posterior part of the orifice. 

The styloid process of the temporal bone, slender, pointed, and averaging 
about 2*5 cm. in length, projects downwards and forwards, from the under 
surface of the temporal bone. Its proximal part (tympanohyal) is surrounded by 
its sheath (vagina processus styloidei), while its distal part (stylohyal) gives 
attachment to the stylohyoid and stylomandibular ligaments, and to the 
Styloglossus, Stylohyoideus and Stylopharyngeus muscles. 

Structure. — The structure of the squama is like that of the other cranial bones : 
the mastoid portion is spongy, and the petrous portion dense and hard. 

Ossification. — The temporal bone is ossified from eight centres (exclusive of 
those for the internal ear and the tympanic ossicles) — viz. one each for the squama 
and the tympanic part, four for the petrous and mastoid parts, and two for the 


Fig. 300. — The three principal parts of the right temporal bone at birth. 
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1. External aspect of petromastoid part. 2. Internal aspect of tympanic ring. 3. Internal aspect of squama. 


styloid process. Just before the close of foetal life the bone consists of three principal 
parts, viz. : the squama, the petromastoid part, and the tympanic ring (fig. 300). 
The squama is ossified in membrane from a single centre which appears near the 
root of the zygomatic process about the seventh or eighth week of foetal life. The 
petromastoid part is developed from four centres, which make their appearance 
in the cartilaginous ear-capsule (p. 107) about the fifth or sixth month of foetal life. 
One (pro-otic) appears in the neighbourhood of the eminentia arcuata, spreads in 
front of and above the internal acoustic meatus and extends to the apex of the bone ; 
it covers part of the cochlea, vestibule, superior semicircular canal, and medial wall 
of the tympanic cavity. A second (opisthotic) appears at the promontory on the 
medial wall of the tympanic cavity and surrounds the fenestra cochleae ; it forms 
the floor of the tympanic cavity and vestibule, surrounds the carotid canal, invests 
the lateral and lower parts of the cochlea, and spreads medially below the internal 
acoustic meatus. A third (pterotic) roofs in the tympanic cavity and antrum ; while 
the fourth (epiotic) appears near the posterior semicircular canal and extends to 
form the mastoid process (Yrolik). The tympanic ring is an incomplete circle 
the concavity of which is grooved by the tympanic sulcus, for the attachment of 
the circumference of the tympanic membrane.* _ The. tympanic ring expands to 
form the tympanic part of the bone, and is ossified in membrane from a single 
centre which appears about the third month. The styloid process is developed 
from the cranial end of the cartilage of the second branchial or hyoid arch (p. 77) 

7 

* Two crests, the superior and inferior tympanic crests , run obliquely downwards and forwards 
across the anterior part of the inner surface of the tympanic ring. Between them is an obliquely 
■directed furrow, the sulcus malleolaris , which lodges the anterior process oi the malleus, the 
anterior tympanic artery and the chorda tympani nerve. 
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by two centres : one for the proximal part of the process, the tympanohyal, appears 
before birth ; the other, for the distal part of the process, the stylohyal, does not 

appear until after birth. 

Fig. 301. The temporal bone at birth. External aspect. ^ tympamc^nng ^unites 

before birth ; the petro- 
mastoid part and the 
squama join during the 
first year, and the tym- 
panohyal portion of the 
styloid process about the 
same time (figs. 301, 302). 
The stylohyal . does not 
unite with the rest of the 
bone until after puberty, 
and in some skulls never 
at all. 

The chief subsequent 
changes in the temporal 
bone apart from increase in 
size are: (1) The tympanic 
ring grows lateral wards and 
backwards to form the tym- 
panic part of the bone. This extension does not, however, take place at an equal 
rate all round the circumference of the ring, but occurs most rapidly on its anterior 
and posterior portions, and these, outgrowths meet and blend, and thus, for a time, 
there exists in the floor of the meatus a foramen, the foramen of Huschke ; this 
foramen is usually closed about the fifth year, but may persist throughout life. 
(2) The mandibular fossa is at first extremely shallow, and looks more lateralwards 
than downwards ; it becomes deeper and is ultimately directed downwards. Its 
change in direction is accounted for as 
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Fig. 302.- 


-The temporal bone at birth. 
Internal aspect. 
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follows. The part of the squama which 
forms the fossa lies at first below the 
level of the zygomatic process and is 
nearly vertical, but in consequence of 
the subsequent increase in the width of 
the base of the skull this part of the 
squama comes to be directed horizontally 
inwards, and its surfaces therefore up- 
wards and downwards ; the attached 
portion of the zygomatic process also 
becomes everted and projects like a shelf 
at right angles to the squama. (3) The 
mastoid portion is at first flat, and the 
stylomastoid foramen and rudimentary 
styloid process lie immediately behind 
the tympanic ring. With the develop- 
ment of the mastoid air-sinuses the lateral 
part of the mastoid portion grows down- 
wards and forwards to form the mastoid 
process, and the styloid process and 
stylomastoid foramen come to lie on the 

under surface of the bone. The descent of the stylomastoid foramen is necessarily 
accompanied by a corresponding increase in the length of the canal for the facial 
nerve. (4) The downward and forward growth of the mastoid process also pushes 
forward the tympanic part of the bone, so that the portion of the latter which formed 
the original floor of the external acoustic meatus and contained the foramen of 
Huschke ultimately constitutes the anterior wall of the meatus. (5) The fossa 
subarcuata on the posterior surface of the petrous portion is gradually filled and 
almost obliterated. 

Applied Anatomy ,— The external acoustic meatus is relatively as long in the child as 
in the adult, but in the child the canal is cartilaginous, whereas in the adult the inner 
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two-thuds of it are osseous Y\ hen it is necessary to open the tympanum for suppuration, 
it is approached through the tympanic antrum. In the child only a thin scale of bone 
requires to be removed trom the suprameatal triangle to open into the tympanic antrum. 


The Parietal Bones (Ossa Parietalia) 

The parietal bones form, by their union, the sides and the roof of the 
cranium Each bone is irregularly quadrilateral in shape, and has two surfaces, 
tour borders, and four angles. 


Fig. 303. — The left parietal bone. External aspect. 



tew/poral bone 


The parietal or external surface (fig. 303) is convex, smooth, and marked 
near the centre by an eminence, the parietal tuberosity or eminence . Crossing 
the middle of the bone in an arched direction are two curved lines, the superior 
and inferior temporal lines ; the former gives attachment to the temporal 
fascia, and the latter indicates the upper limit of the origin of the Temporalis. 
The part of the hone above these lines is covered, in the recent condition, with 
the galea aponeurotica ; that below the lines forms a part of the temporal 
fossa. At the posterior part and close to the upper or sagittal border is the 
parietal foramen , which transmits a vein from the superior sagittal sinus, and 
sometimes a small branch of the occipital artery ; the foramen is not constantly 
present, and its size varies considerably. 

The cerebral or internal surface (fig. 304) is concave ; it presents depressions 
corresponding to the cerebral convolutions, and numerous furrows for the 
ramifications of the middle meningeal vessels * ; these furrows run upwards 

* Consult articles by F. Wood Jones, Journal of Anatomy and Physiology , vol. xlvi., and 
B. Coen, Journal of Anatomy and Physiology , vol. xlviii. 
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and backwards from the sphenoidal angle, and from the central and posterior 
part of the squamous border. Along the upper or sagittal border is a shallow 
groove, which, with that on the opposite parietal bone, forms the sagittal sulcus 
for the superior sagittal sinus ; to the edges of this sulcus the falx cerebri is 
attached. Near the sulcus are several depressions, best marked in the skulls 
of old persons, for the araclmoideal granulations (glandule Pacchionii). 

The sagittal border , the longest and thickest, is dentated ; it articulates 
with the corresponding border of the opposite parietal bone, to form the sagittal 
suture. The squamous border is divided into three parts : of these, the anterior 
short, thin and pointed, is bevelled at the expense of the external surface, and 


Fia. 304. — The left parietal bone. Internal aspect. 
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the asterion. On the internal surface of this angle is a broad, shallow groove 
which lodges a small part of the transverse sinus. 

At birth there are unossified or membranous intervals in the skull at the 
angles of the parietal bones ; they are named fonticuli (fontanelles) and are- 
described on pp. 267, 268. 

Ossification. — The parietal bone is ossified in membrane from two centres* 
which appear ope above the other at the parietal tuberosity about the seventh 
week of foetal life. These centres unite early, and ossification gradually extends, 
in a radial manner towards the margins of the bone ; the angles are consequently 
the parts last formed, and it is here that the fonticuli are found. At birth the 
temporal lines are situated low down ; they only reach their permanent position 
after the eruption of the molar teeth. Occasionally the parietal bone is divided into- 
two parts, upper and lower, by an anteroposterior suture. 


The Erontal Bone (Os Erontale) 

The frontal bone resembles a cockle-shell in form, and consists of two- 
portions — a vertical part, the squama , corresponding with the region of the 
forehead ; and a horizontal or orbital part, which enters into the formation 
of the roofs of the orbital and nasal cavities. 

The squama of the frontal bone has two surfaces, an external and an 
internal. 

The external surface of the squama (fig. 305) is convex and divided into a- 
large frontal and two small temporal surfaces by lines which arch backwards 
across the lateral parts of the bone. 

The frontal surface usually exhibits, in the lower part of the middle line,, 
the remains of the frontal or metopic suture ; in infancy Jhis suture divides 
the bone into tw r o, a condition which persists in about 9 per cent, of skulls. 
On either side of the middle line, about 3 cm. above the supra-orbital margin, 
is a rounded elevation, the frontal tuberosity or eminence. These tuberosities, 
vary in size in different individuals, are occasionally unsymmetrical, and are 
especially prominent in young skulls. Below the frontal tuberosities, and 
separated from them by a shallow groove, are two curved elevations, the 
superciliary arches , the medial parts of which are prominent, and joined to one 
another by a smooth elevation named the glabella. These arches are larger 
in the male than in the female, and their degree of prominence depends to some 
extent on the size of the frontal air-sinuses ; prominent superciliary arches 
are, however, occasionally associated with small air-sinuses. Beneath the 
superciliary arches are the curved supra-orbital margins , which form the upper 
boundaries of the bases of the orbits, and separate the squama from the orbital 
portion of the bone. The lateral two-thirds of each supra-orbital margin is 
sharp ; the medial one-third is rounded. At the junction of these two parts is 
the supra-orbital notch or foramen which transmits the supra-orbital vessels and 
nerve. Medial to this notch, and present in about 50 per cent, of skulls, is 
the small frontal notch or foramen. The supra-orbital margin ends laterally 
in the zygomatic process , which is strong and prominent, and articulates with 
the zygomatic bone. Curving upwards and backwards from this process is a 
line which soon divides into the superior and inferior temporal lines. 

The portion of the squama which projects downwards between the supra- 
orbital margins is named the nasal part. It presents an uneven interval, the 
nasal notch , which articulates on either side of the middle line with the nasal 
bone, and lateral to this with the frontal process of the maxilla and with the 
lacrimal bone. Erom the centre of the notch the nasal process projects down- 
wards and forwards beneath the nasal bones and frontal processes of the maxillae, 
and supports the bridge of the nose. The nasal process ends below in a sharp 
frontal spine, and on either side of this is a small grooved surface which forms a 
part of the roof of the corresponding nasal cavity. The frontal spine forms 
a part of the septum of the nose ; in front it articulates with the crest of the nasal 
bones behind with the lamina perpendicularis of the ethmoidal bone (fig. 322). 

The temporal surface , below and behind-the temporal lines, forms the anterior 
part of the temporal fossa, and gives origin to a part of the Temporalis 
muscle. 
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The cerebral or internal surface (fig. 306) of the squama is concave. In the 
upper part of the middle line is a vertical groove, the sagittal sulcus, the edges 
oi which unite below to form the frontal crest ; the sulcns lodges the anterior 
part ot the superior sagittal sinus, while to its margins and to the frontal crest 
the anterior part of the falx cerebri is attached. The crest ends below in a small 
n ° tcil which ls converted into the foramen caecum by articulation with the 
ethmoidal.bone. The foramen caecum varies in size in different skulls, and is 
often pervious ; when this is so, it transmits a vein from the nose to the superior 
sagittal sinus. On either side of the middle line are depressions for the 


Fig. 305. — The frontal bone. External aspect. 
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corresponding to the convolutions on the inferior surface of the frontal lobe 
of the brain, and by faint grooves for the meningeal branches of the ethmoidal 
vessels. ' ■' 

The ethmoidal notch (incisura ethmoidalis) (fig. 306) separates the two orbital 
plates ; it is quadrilateral, and filled, in the articulated skull, by the lamina 
cribrosa of the ethmoidal bone. On the margins of the notch are portions 
of several air-sinuses which complete the ethmoidal air-sinuses when the 
ethmoidal bone is in position. Two transverse grooves cross each margin of the 
notch ; they are converted into the anterior and posterior ethmoidal canals by 


Fig. 306. — The frontal bone. Internal and inferior aspects. 
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the ethmoidal bone, and open on the medial wall of the orbit ; they transmit 
the anterior and posterior ethmoidal nerves and vessels. 

In front of the ethmoidal notch, and lateral to the frontal spine, are the 
openings of the frontal air-sinuses (fig. 307) . These air-sinuses are two irregular 
cavities which extend backwards, upwards, and lateralwards for a variable 
distance between the tables of the frontal bone ; they are separated from one 
another by a thin bony septum, which is often deflected to one or other side of 
the median plane, with the result that the sinuses are seldom symmetrical 
Rudimentary at birth, the frontal air-sinuses are usually fairly well-developed 
between the seventh and eighth years, but only reach their full size after 
puberty They vary in size in different persons, and are larger in men than 
m women.* Occasionally they extend backwards in the roofs of the orbit 


* Logan Turner (op. cit. ) gives the following measurements for an adult sinus of average size : 
height 3*16 cm. ; breadth, 2*58 cm. ; depth from before backwards, 1-8 cm. Onodi (op. cit.) 
states that in infants of from one to twelve months the height of the frontal smus vanes from 
3*5 mm. to 8 mm., and its width from 2 mm. to 6 mm., and that m the eighth year of life the 
height is from 14 mm. to 17 mm., and the width from 7 mm. to 9 mm. 
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cavities as far as the optic foramina. Each communicates with the middle 
meatus of the corresponding nasal cavity by means of a passage called the 
frontonasal duct . 


Fig. 307. — Frontal air-sinuses. Anterior aspect. The left sinus is larger than 
the right and the septum between them is obliquely placed. 



The posterior borders of the orbital plates are thin and serrated, and articulate 
with the small wings of the sphenoidal bone ; the lateral part of each usually 
appears in the middle fossa of the skull between the great and small wings of 
the sphenoidal bone. 

Structure. — The squama and the zygomatic process of the frontal bone are thick 
and consist of spongy substance contained between two compact laminae ; the spongy 


Fig. 308. — The frontal bone at birth. 
External aspect. 
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substance is absent in the regions 
occupied by the frontal air-sinuses. 
The orbital part, composed entirely of 
compact bone, is thin and translucent 
in its posterior two-thirds. 

Ossification. — (fig. 308) The frontal 
bone is ossified in membrane from 
two primary centres which appear in 
the seventh or eighth week of foetal 
life, one above each supra-orbital 
margin. From each of these centres 
ossification extends upwards to form 
the corresponding half of the squama^ 
and backwards to form the orbital 
plate. The frontal spine is ossified 
from two secondary centres, one on 
either side of the middle line ; second- 
ary centres also appear in the nasal 
parts and zygomatic processes. At 
birth the bone consists of two pieces 
separated by the frontal suture, but 
year, and the frontal suture is usually 
e eighth year. 


The Ethmoidal Bone (Os Ethmoidale) 

The ethmoidal bone is cubical in shape, and exceedingly light : it is 
situated at the anterior part of the base of the cranium, and assists in forming 
the medial walls of the orbital cavities and the roofs and lateral walls of the 
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nasal cavities. It consists of four parts : a horizontal, perforated plate named 
the lamina cribrosa, a lamina perpendicularis, and two labyrinths or lateral 
masses. 

The lamina cribrosa of the ethmoidal bone (fig, 309) occupies the 
ethmoidal notch of the frontal bone and forms a part of the roofs of the nasal 
cavities. Projecting upwards from the median line of this lamina is a thick, 
smooth, triangular process, the crista galli , so called from its resemblance to 
a cock’s comb. Its posterior border, long, thin, and curved, gives attachment 
to the falx cerebri. Its anterior border, short and thick, articulates with the 
frontal bone by two small projecting alar processes which complete the foramen 
caecum. Its sides are smooth, and sometimes bulging owing to the presence 
of a small air-sinus in the interior. On either side of the crista galli, the lamina 
cribrosa is narrow and depressed ; it supports the olfactory bulb and is per- 
forated by foramina for the passage of the olfactory nerves. The foramina 
in its middle part are small and transmit the nerves to the mucous membrane 
of the roof of the nasal cavity ; those in the medial and lateral parts are larger 
— the former transmit the nerves to the mucous membrane on the upper part 
oi the nasal septum, the latter 
the nerves to the mucous 
ihembrane on the superior 
pasal concha. At the front 
part of the lamina cribrosa, 
on either side of the crista 
galli, is a small fissure which 
is occupied by a process of 
dura mater. Lateral to this 
fissure is a foramen which 
transmits the anterior eth- 
moidal nerve to the nasal 
cavity ; from this foramen 
a groove runs backwards to 
the anterior ethmoidal fora- 
men. 

The lamina perpendicu- 
laris of the ethmoidal bone 
(figs. 310, 311), thin, flat, and 
somewhat quadrilateral in 
form, descends from the under 
surface of the lamina cribrosa, 

and forms the upper part of # . 

the nasal septum ; it is generally deflected a little to one or other side. The 
anterior border articulates with the spine of the frontal bone and the crest of 
the nasal bones. The posterior border articulates with the sphenoidal crest 
above and with the vomer below. The superior border is attached to the 
lamina cribrosa. The inferior border is thick, and serves for the attachment 
of the cartilage of the septum of the nose. The surfaces of the lamina are 
smooth, except above, where numerous grooves and canals are seen ; these 
lead from the medial foramina in the lamina cribrosa and lodge filaments 
of the olfactory nerves. 

Each labyrinth or lateral mass of the ethmoidal bone consists of a 
number of thin-walled ethmoidal air-sinuses , arranged in three groups, anterior, 
middle , and posterior , and interposed between two vertical plates of bone ; the 
lateral plate forms part of the medial wall of the orbit, the medial plate, part 
of the lateral wall of the nasal cavity.* In the disarticulated bone many of 
these ethmoidal air-sinuses are opened into, but in the articulated skull they are 
everywhere closed, except at their apertures of communication with the nasal 
cavity. The upper surface of the labyrinth (fig. 309) presents a number of 
air-sinuses, the walls of which are completed, in the articulated skull by the 
edges of the ethmoidal notch of the frontal bone. Crossing this surface are 
two grooves which are converted into the anterior and posterior ethmoidal canals 

* Some anatomists divide the ethmoidal air-sinuses into two groups, an anterior, comprising 
those which open into the middle meatus, and a posterior, those which open into the superior 
meatus of the nose. 


Tig. 309. — The ethmoidal bone. Superior aspect. 
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by articulation with the frontal bone. On the posterior surface of each 
labyrinth (fig. 311) are large air-sinuses the walls of which are completed by the 
sphenoidal concha and the orbital process of the palatine bone. The lateral 
surface (fig. 312) consists of a thin, smooth, oblong plate, the lamina papyracea 


Fig. 310. — The lamina perpendicularis of the ethmoidal bone. Right lateral 
aspect. * Shown by removing the right labyrinth. 



(os planum), which covers the middle and posterior ethmoidal air-sinuses and 
forms a large part of the medial wall of the orbit ; it articulates above with 
the orbital plate of the frontal bone, below with the maxilla and the orbital 
process of the palatine bone, in front with the lacrimal bone, and behind with 
the sphenoidal bone (fig. 328). 

In front of the lamina papyracea are some air-sinuses, the walls of which are 
completed by the lacrimal bone and the frontal process of the maxilla. A 
curved lamina, the uncinate process , projects downwards and backwards from 
this part of the labyrinth ; it forms a small part of the medial wall of the 
maxillary air-sinus (fig. 328), and articulates with the ethmoidal process of the 
inferior nasal concha. 


Fig. 311. — The ethmoidal bone. Posterior aspect. 
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Th e medial surface of the labyrinth (fig. 313) forms part of the lateral wall 
of the corresponding nasal cavity ; it consists of a thin lamella, which descends 
from the under surface of the lamina cribrosa, and ends in a free, convoluted 
portion, the middle nasal concha. The upper part of the medial surface is 
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marked by numerous grooves, directed nearly vertically downwards from the 
lamina cribrosa ; they lodge branches of the olfactory nerves, which are distri- 
buted to the mucous membrane covering the superior nasal concha. The 

Fig. 312. — The ethmoidal bone. Bight lateral aspect. 
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posterior part of the medial surface is subdivided by a narrow, oblique fissure, 
the superior meatus of the nose, which is bounded above by a thin, curved 
plate, the superior nasal concha ; the posterior ethmoidal air-sinuses open 
into this meatus. Below and in front of the superior meatus, is the convex 
surface of the middle nasal concha ; it extends along the whole length of the 


Big. 313.- — The lateral wall of the right nasal cavity, showing the ethmoidal bone 
(coloured red) and the inferior nasal concha (coloured blue) in position. 



medial surface of the labyrinth. Its lower margin is free and thick while its 
lateral surface is concave, and assists in forming the middle meatus of the nose. 
The middle ethmoidal air-sinuses produce a rounded swelling, named the 
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bulla ethmoidalis , on the lateral wall of the middle meatus (fig. 314) ; on this 
bulla, or immediately above it, these air-sinuses open into the meatus. A 
curved passage, named the infundibulum , extends upwards and forwards from 
the middle meatus ; it communicates with the anterior ethmoidal air-sinuses, 
and in rather more than 50 per cent, of skulls is continued upwards as the fronto- 
nasal duct into the frontal air-sinus. 


Fig. 314. — The lateral wall of the right nasal cavity, with parts of the middle 
and inferior nasal conchse removed. 
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Ossification. — The ethmoidal bone is ossified in the cartilaginous nasal capsule 
from three centres ; one for the lamina perpendicularis, and one for each labyrinth. 

The centre for each labyrinth appears in the region of the lamina papyracea 
between the fourth and fifth months of foetal life, and extends into the conchse. 
At birth, the bone consists of the two labyrinths, which are small and ill-developed. 
During the first year after birth, the lamina perpendicularis and crista galli begin 
to ossify from a single centre, and are joined to the labyrinths about the beginning 
of the second year. The lamina cribrosa is ossified partly from the lamina perpendi- 
cularis and partly from the labyrinths. The ethmoidal cells begin to develop 
during foetal life, and in the new-born infant have the form of narrow pouches. 


The Interior Nasal Concha (Concha Nasales Inferiores) 

The inferior nasal conchas are curved laminae which extend horizontally 
along the lateral walls of the nasal cavities (fig. 313). Each bone has two 
surfaces, two borders, and two ends 
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similar one on the manubrium, forms a cavity for the reception of the sternal 
end of the cartilage of the second rib ; below this are four angular facets which 
receive the sternal ends of the cartilages of the third, fourth, fifth, and sixth 
ribs ; the inferior angle has a small facet, which, with a similar one on the 
xiphoid process, forms a notch for the reception of the cartilage of the seventh 


Fig. 278. — The sternum and costal cartilages. Anterior aspect. 
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rib. These articular depressions are separated by a series of curved edges, 
which diminish in length from above downwards, and correspond to the anterior 
ends of the intercostal spaces. 

'It will be observed that most of the cartilages of the true ribs articulate with the 
sternum at the lines of junction of its primitive component segments ; this is well seen in 
many of the lower animals, where the parts of the bone remain ununited longer than 
in man. 
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bony canal for the nasolacrimal duct ; the lacrimal hamulus sometimes exists 
as a separate piece, and is then called the lesser lacrimal bone. On the medial or 
nasal surface is a vertical furrow, corresponding to the posterior lacrimal crest 
on the lateral surface. The area in front of this furrow forms part of the 
middle meatus of the nose ; that behind the furrow articulates with the eth- 
moidal bone, and completes some of the anterior ethmoidal air-sinuses. The 
anterior border of the lacrimal bone articulates with the frontal process of the 
maxilla ; the posterior border with the lamina papyracea of the ethmoidal 
bone ; the superior border with the frontal bone. The posterior part of the 
inferior border articulates with the orbital plate of the maxilla. 


Fig-. 318. — A sketch showing how the medial wall of the nasolacrimal canal is 
completed by the articulation of the descending process of the lacrimal bone 
with the lacrimal process of the inferior nasal concha. (After Whitnall.) 



Ossification. — The lacrimal bone is ossified from one centre, which appears 
about the twelfth week of foetal life in the membrane covering the cartilaginous 
nasal capsule. 


The Nasal Bones (Ossa Nasalia) 

The nasal bones are two small oblong bones, varying in size and form in 
different individuals ; they are placed side by side between the frontal, processes 
of the maxillae, and form, by their junction, ‘ the bridge J of the nose (figs. 31 9, 
356). 

Each nasal bone has two surfaces and four borders. The external surface 
(fig. 320) is concavo-convex from above downwards, and convex from side to 
side ; it is covered by the Procerus and Compressor naris, and is perforated 
near its centre by a foramen, for the transmission of a small vein. Th e' internal 
surface (fig, 321) is concave from side to side, and is traversed from above down- 
wards by a groove, the ethmoidal sulcus , w^hich lodges the anterior ethmoidal 
nerve. The superior border, . thick and serrated, articulates with the nasal notch 
of the frontal bone. The inferior border , thin and notched, gives attachment 
to the lateral cartilage of the nose. The lateral border articulates with the 
frontal process of the maxilla. The medial border , thicker above than below, 
articulates with the opposite nasal bone, and is prolonged behind into a vertical 
crest w r hich forms a small part of the septum of the nose,- and articulates, from 
above ^ downwards, with the frontal spine, the lamina perpendicularis of the 
ethmoidal bone, and the cartilage of the septum of the nose. 
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Ossification. — The nasal bone is ossified from one centre, which appears at the 
beginning of the third month of foetal life in the membrane overlying the anterior 
part of the cartilaginous nasal capsule. 


Fia. 319. — The articulation of the nasal and lacrimal bones with the maxilla. 
Left lateral aspect. 
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Fig. 320. — The right nasal bone. 
External aspect. 


Fig. 321. — The right nasal bone. 
Internal aspect. 




The Vomer 

The vomer is thin, somewhat quadrilateral in shape, and forms the hinder 
and lower part of the septum of the nose (fig. 322) ; it has two surfaces and four 
borders. Each surface (fig. 323) is marked by small furrows for blood-vessels, 
and is traversed by the nasopalatine groove which runs obliquely downwards 
and forwards, and lodges the corresponding nasopalatine nerve and vessels. 
The superior border , the thickest, presents a deep furrow, bounded on either 
side by a projecting ala ; the furrow receives the rostrum of the sphenoidal 
bone ; the alse articulate w r ith the sphenoidal conchse, the sphenoidal processes 
of the palatine bones and the vaginal processes of the medial pterygoid laminae 
of the sphenoidal bone. The inferior border articulates with the nasal crest 
formed by the maxillae and palatine bones. The anterior border is the longest ; 
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laterally by two small eminences, called the middle clinoid processes, whilst the 
posterior boundary is formed by a square plate of bonef the dorsum sellce ; 
the superior angles of this plate end in two tubercles, the posterior clinoid 
processes, which vary considerab y in form and size, and give attachment to 
the lateral borders of the tentorium cerebelli. On either side of the dorsum 
sell® 9 18 a notci i f° r passage of the abducent nerve, and below this notch 
a sharp process, the petrosal process, which articulates with the apex of the 
petrous portion of the temporal bone. Behind the dorsum sella is a shallow 
depression, which slopes obliquely backwards, and is continuous with the 
shallow groove on the superior surface of the basilar portion of the occipital 
bone ; it supports the upper part of the pons. 

Th & lateral surfaces of the body are united with the great wings and with 
the medial pterygoid lamina. Above the attachment of each wing is a broad 
groove, the carotid sulcus, curved somewhat like the italic letter / • it lodges 


Fig. 292. — The sphenoidal bone. Posterior aspect. 
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the internal carotid artery and the cavernous smus. The carotid sulcus is 
deepest at its posterior end where it is overhung by the petrosal process, and 
limited laterally by a sharp margin called the lingula ; the latter is continued 
backwards to overlie the posterior opening of the pterygoid canal. 

The posterior surface of the body, quadrilateral In form (fig. 292), is joined, 
during infancy and adolescence, to the basilar part of the occipital bone by 
a plate of cartilage v T hich ossifies between the eighteenth and twenty-fifth years. 

The anterior surface of the body (fig. 293) presents, in the middle line, a 
triangular crest, the sphenoidal crest , which forms a small part of the septum 
of the nose. The anterior border of this crest articulates with the lamina 
perpendicularis of the ethmoidal hone ; the lower border, with the vomer. 
On either side of the crest is an opening leading into the corresponding sphenoidal 
air-sinus.* The sphenoidal air-sinuses are two large, irregular cavities in 
the body of the bone, separated from one another by a bony septum, which is 
commonly bent to one or the other side. They vary considerably in form and 
size,f are seldom symmetrical, and are often partially subdivided by bony 

* It may be stated here that the name * sinus ’ is applied to two kinds of spaces associated 
with the skull, viz. : (a) 1 blood-sinuses 5 which produce grooves on the inner surfaces of some 
of the bones, and (6) 4 air-sinuses 5 which are cavities within some of the bones. 

t Logan Turner {The Accessory /Sinuses of the Nose , 1901) gives the following measurements 
for an adult sphenoidal sinus of average size : height, 2 cm. ; breadth, 1*8 cm. ; anteroposterior 
depth, 2T cm. Onodi {The Accessory Sinuses of the Nose in Children , 1911) states that in the 
new-born infant their height is 4 mm. and their width 2 mm., while at the eighth year of life 
their height is from 8 to 12 mm., and their width 11 mm. 

G. a. 0 2 
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cartilage of the septum of the nose is lodged. As growth proceeds, the union of 
the . bony lamellae extends upwards and forwards, and at the same time the inter- 
vening plate of cartilage undergoes absorption. By the age of puberty the lamellae 
are almost completely united, but evidence of the bilaminar origin of the bone is 
seen in the everted alee of its upper border and the groove on its anterior border. 
Up to a certain stage the vomer is entirely derived from membrane, but f it 
becomes added to by the ossification of the hinder end of the anterior paraseptal 
cartilage . 5 * From this part of the ossified anterior paraseptal cartilage a plate of 
bone descends by the side of the primary part of the vomer, and fuses with it. 
The vomeronasal cartilage of Jacobson is the persistent part of the anterior 
paraseptal cartilage .* 


THE SUTURAL BONES (OSSA SUTURARUM) 

In addition to the usual centres of ossification of the cranial bones, others may occur 
in the course of the sutures, giving rise to irregular, isolated, sutural or Wormian f bones 
(fig. 325). They occur most 1‘iviji irmly in the course of the lambdoid suture, but are 
occasionally seen at the fonticuli, especially the posterior. One, the pterion ossicle , some- 
times exists between the sphenoidal angle of the parietal bone and the great wing of the 
sphenoidal bone. They have a tendency to be more or less symmetrical on the two sides 
of the skull, and vary much in size. Their number is generally limited to two or three ; 
but more than a hundred have been found in the skull of a hydrocephalic subject. 


Fia. 325. — A sketch showing sutural bones in the lambdoid and sagittal sutures. 



Applied Anatomy. — An arrest in the ossifying process may give rise to deficiencies, gaps, 
or fissures in the cranium, which are of importance from a medico-legal point of view, 
as they are liable to be mistaken for fractures. The fissures generally extend from the 
margins towards the centre of a bone, but the gaps may be found in the middle as well as 
at the edges. In course of time they may become filled with thin laminae of bone. In 
some instances, however, the gaps are due to absorption of bone already formed. This 
is especially so when they appear in the centre of a bone such as the parietal, the ossification 
of which has already been described as occurring in a regular manner radiating from two 
centres. The condition is most commonly seen in very badly nourished children affected 
with congenital syphilis, and is called craniotdbes . 

* E. Fawcett, Journal of Anatomy and Physiology , vol. xlv. 

f Ole Worm, Professor of Anatomy at Copenhagen, 1624-1639, was erroneously supposed 
to have given the first detailed description of these bones. 
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THE FACIAL BONES (OSSA FACIEI) 

The Maxillae 

The maxillae are the largest hones of the face, excepting the mandible, and 
form, by their union, the whole of the upper jaw (fig. 356). Each assists in 
completing the roof of the mouth, the floor and lateral wall of the nose, and the 
floor of the orbit ; it also enters into the formation of the infratemporal 
and pterygopalatine fossae, and the inferior orbital and pterygomaxillary 
fissures. 

Each maxilla consists of a body and four processes — zygomatic, frontal, 
alveolar, and palatine. 

The body of the maxilla is somewhat pyramidal in shape. It has four 
surfaces, — anterior, infratemporal, orbital, and nasal — and encloses a large 
cavity, the maxillary air-sinus or antrum of Highmore. 

The anterior surface (fig. 326) is directed forwards and lateral wards. On 
its lower part is a series of eminences (juga alveolaria) corresponding to the 
positions of the roots of the upper teeth. Just above those of the incisor teeth 
is a depression, the incisive fossa, which gives origin to the Depressor septi ; to 
the alveolar border below the fossa a slip of the Orbicularis oris is attached ; 
above and lateral to the fossa, the Nasahs arises. Lateral to the incisive fossa 
is a larger and deeper depression, the canine fossa ; it is separated from the 
incisive fossa by the canine eminence , which corresponds to the socket of the 
canine tooth ; the fossa gives origin to the Caninus. Above the canine fossa 
is the infra-orbital foramen , the end of the infra-orbital canal ; it transmits 
the infra-orbital vessels and nerve. Above the foramen is a sharp border 
marking the junction of the anterior and orbital surfaces. This border forms 
a small part of the circumference of the base of the orbit, and gives origin to 
the orbital head of the Quadratus labii superioris. Medially, the anterior surface 
is limited by a deep concavity, the nasal notch ; the margin of the notch gives 
attachment to the Dilatator naris posterior, and ends below in a pointed process 
which with the corresponding process of the opposite maxilla forms the anterior 
nasal spine. 

The infratemporal surface (fig. 326) is convex, directed backwards and 
lateralwards, and forms the anterior wall of the infratemporal fossa. It is 
separated from the anterior surface by the zygomatic process and by a ridge 
which runs upwards to that process from the socket of the first molar tooth* 
It is pierced near its centre by the apertures of two or three alveolar canals , 
which transmit the posterior superior alveolar vessels and nerves. At the 
lower part of this surface is a round eminence, the maxillary tuberosity, which 
is rough for articulation with the pyramidal process of the palatine bone (fig. 328); 
it gives origin to a few fibres of the Pterygoideus internus, and in some cases 
articulates with the lateral pterygoid lamina of the sphenoidal bone. Above 
this is a smooth surface, which forms the anterior boundary of the pterygo- 
palatine fossa, and is grooved for the maxillary nerve ; the groove for this 
nerve is directed lateralwards and slightly upwards, and is continuous with 
the infra-orbital groove on the orbital surface. 

The orbital surface (fig. 326) is smooth and triangular, and forms the greater 
part of the floor of the orbit. Its medial border presents anteriorly a notch, 
the lacrimal notch , behind which it articulates from before backwards with the 
lacrimal bone, the lamina papyracea of the ethmoidal bone, and the orbital 
process of the palatine bone (fig. 328). Its posterior border is smooth and 
rounded ; it forms the lateral part of the lower margin of the inferior orbital 
fissure, and its central part is notched by the commencement of the infra- 
orbital groove. The anterior border forms a small part of the circumference 
of the base of the orbit, and is continuous medially with the anterior lacrimal 
crest on the frontal process (p. 232). The infra-orbital groove, for the passage 
of the infra-orbital vessels and nerve, begins at the middle of the posterior 
border, where it is continuous with the groove near the upper edge of the infra- 
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temporal surface ; it passes forwards and ends in the infra-orbital canal , which 
opens on the anterior surface of the bone just below the margin of the orbit. 
At the medial and front part of the orbital surface, and lateral to the lacrimal 
groove, is a small depression, which gives origin to the Obliquus oculi inferior. 

The nasal surface (fig. 327) presents in its upper and posterior part a large, 
irregular opening leading into the maxillary air-sinus. At the upper border 
of this aperture are some broken air-sinuses, which, in the articulated skull, are 
closed by the ethmoidal and lacrimal bones. Below the opening into the 
maxillary air-sinus is a smooth concave surface which forms part of the inferior 
meatus of the nasal cavity, and behind it is a rough surface for articulation 
with the vertical part of the palatine bone ; this rough surface is traversed 
by a groove, which begins near the middle of the posterior border, runs obliquely 
downwards and forwards, and is converted into the pterygopalatine canal by 
the vertical part of the palatine bone and the pterygoid process of the sphenoidal 


Fig. 326. — The left maxilla. Lateral aspect. 



bone. In front of the opening of the maxillary air-sinus is a deep groove, the 
sulcus lacrimalis, which constitutes about two-thirds of the circumference of the 
nasolacrimal canal, the remaining one-third being formed by the descending 
process of the lacrimal bone and the lacrimal process of the inferior nasal 
concha (fig. 318) ; this canal opens into the inferior meatus of the nose 
(fig. 314) and transmits the nasolacrimal duct. More anteriorly is an oblique 
ridge, the crista conchalis , for articulation with the inferior nasal concha. The 
shallow concavity below this ridge forms part of the inferior meatus of the 
nose, and the surface above the ridge part of the atrium of the middle meatus. 

The maxillary air-sinus ( antrum of Highmore) is a large pyramidal cavity 
within the body of the maxilla. Its walls are thin, and correspond to the 
nasal, orbital, anterior, and infratemporal surfaces of the body of the bone. 
Its apex, directed lateralwards, is formed by the zygomatic process ; its base , 
or nasal wall, directed medialwards, is formed by the lateral wall of the nose, 
and presents, in the disarticulated bone, a large, irregular aperture communicat- 
ing with the nasal cavity. In the articulated skull this aperture is much 
reduced in size by the following bones : the uncinate process of the ethmoidal 
bone and the descending process of the lacrimal bone above, the maxillary 
process of the inferior nasal concha below, and the vertical part of the pala- 
tine bone behind (figs. 314, 328). The maxillary air -sinus communicates with 
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the middle meatus of the nose, generally by two small apertures, one of which 
is usually closed, in the recent state, by mucous membrane. On the posterior 
ivall are the alveolar canals , transmitting the posterior superior alveolar vessels 
and nerves to the molar teeth ; these canals occasionally project as ridges 
into the maxillary air-sinus. The floor is formed by the alveolar process of 
the maxilla, and its lowest part is usually about 125 cm. below the level of 
the floor of the nasal cavity. In a large proportion of cases radiating septa 
of varying sizes spring from the floor of the sinus in the intervals between 
adjacent teeth ; in some cases the floor is perforated by the fangs of the molar 
teeth.* The infra-orbital canal usually projects into the sinus as a well- 
marked ridge extending from the roof to the anterior wall. The size of the 
cavity varies in different 'skulls, and even on the two sides of the same skull, f 


Pig. 327. — The left maxilla. Medial aspect. 


With frontal bone 



Applied Anatomy . — The extreme thinness of the walls of this cavity affords an explana- 
tion of the fact that a tumour growing from the maxillary air-sinus and encroaching upon 
the adjacent parts may push up the floor of the orbit, and displace the eyeball; may 
project into the nose; may protrude forwards on to the cheek; or may make its way 
backwards into the infratemporal fossa, or downwards into the mouth. 


The zyg'omatic process of the maxilla is a rough triangular eminence, 
situated at the angle of separation of the anterior, infratemporal, and orbital 
surfaces. In ■ front it forms part of the anterior surface of the body of the 
bone ; behind , it is concave, and continuous with the infratemporal surface ; 
above, it is rough and serrated for articulation with the zygomatic bone ; below , 
it presents a prominent arched border which separates the anterior from the 
infratemporal surface. 

The frontal process of the maxilla projects upwards and backwards between 
the nasal and lacrimal bones (figs. 328, 353). Its lateral surface is divided into 
two parts by a vertical crest, the anterior lacrimal crest, which gives attachment 

* The number of teeth whose roots are in relation with the floor of the maxillary air-sinus 
is variable. The sinus may extend so as to be in relation to all the teeth of the true maxilla, from 
the canine to the third molar. — (Salter.) 

t Logan Turner {op. cit.) gives the following measurements for an adult sinus of average size : 
vertical height opposite first molar tooth, 3*5 cm. ; transverse breadth, 2 ‘5 cm. ; and antero- 
posterior depth, 3*2 cm. 
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to the medial palpebral ligament, and is continuous below with the infra-orbital 
margin. . At the junction of the crest with the orbital surface is a small' tubercle, 
the lacrimal tubercle , which serves as a guide to the position of the lacrimal 
sac. The part in front of the anterior lacrimal crest is smooth, and merges 
below with the anterior surface of the body ; it gives attachment to a portion 
of the Orbicularis oculi, and to the angular head of the Quadratus labii superioris. 
The part behind the anterior lacrimal crest is hollowed into a groove which 
is continuous interiorly with the sulcus lacrimalis on the nasal surface of the 
bone, and posteriorly, in the articulated skull, with the lacrimal groove on 
the lacrimal bone, the two grooves forming the lacrimal fossa for the lodgement 
of the lacrimal sac. 


Tig. 328. The left maxillary air-sinus. Opened from the lateral side* 
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The medial surface of the frontal process forms a portion of the lateral wall 
of the nasal cavity. A rough, uneven area at its upper part articulates with 
the ethmoidal bone and closes in the anterior ethmoidal air-sinuses. Below 
this rough area is an oblique ridge, the crista ethmoidalis , the posterior part 
of which articulates with the middle nasal concha, while the anterior part 
is termed the agger nasi ; the crista ethmoidalis forms the upper limit of the 
atrium of the middle meatus of the nose. The upper end of the frontal process 
articulates with the nasal notch of the frontal bone, the anterior border with 
the nasal bone, and the posterior border with the lacrimal bone. 

The alveolar process of the maxilla, thick and arched, is broader behind 
than in front, and excavated into cavities or alveoli for the reception of the 
roots of the teeth. These cavities are eight in number, and vary in size and 
depth according to the teeth they contain. That for the canine tooth is the 
deepest ; those for the molars are the widest, and are subdivided into three 
minor cavities by septa ; those for the incisors and the second bicuspid are 
single ; that for the first bicuspid is sometimes divided into two. The Buccinator 
arises from the outer surface of this process, as far forward as the first molar 
tooth. When the maxillae are articulated with each other, their alveolar 
processes together form the alveolar arch. 

G.A. H2 
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The palatine process c-f the maxilla , thick and strong, is horizontal and 
projects medialwards from the nasal surface of the bone. It forms a considerable 
part of the floor of the nose and the roof of the mouth, and is much thicker in 
front than behind. Its inferior surface (fig. 329), concave, rough and uneven, 
forms, with the palatine process of the opposite bone, the anterior three-fourths 
of the hard palate. It is perforated by numerous foramina for the passage of 
the nutrient vessels, and presents depressions for the lodgement of the palatine 
glands ; it is channelled at the posterior part of its lateral border by two 
grooves which lodge the descending palatine vessels, and the anterior palatine 
nerve. When the two maxillse are articulated, a funnel-shaped opening, the 
incisive foramen, is seen in the middle line, immediately behind the incisor teeth. 


Fig. 329. — The bony palate and the alveolar arch. Inferior aspect. 
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In this opening the orifices of two lateral canals are visible ; they are named 
the incisive canals or foramina of Stensen ; §aeh leads upwards into the corre- 
sponding nasal cavity and transmits the terminal branch of the greater palatine 
artery and the nasopalatine nerve. Occasionally there are two additional 
apertures in the middle line ; they are termed the foramina of Scarpa , and 
when present transmit the nasopalatine nerves, the left passing through the 
anterior, and the right through the posterior foramen. On the under surface 
of the palatine process, a delicate suture, well seen in young skulls, may some- 
times be noticed extending lateralwards and forwards from the incisive foramen 
to the interval between the lateral incisor and the canine teeth. The small 
part in front of this suture constitutes the premaxilla or os incisivum , which 
in most vertebrates forms an independent bone ; it includes the whole thickness 
of the alveolus, the corresponding part of the floor of the nose and the anterior 
nasal spine, and contains the sockets of the incisor teeth. The upper surface 
of the palatine process is concave from side to side, smooth, and forms the 
greater part of the floor of the nasal cavity ; close to the anterior part of its 
medial margin is the upper orifice of the incisive canal. The lateral border 
of the process is fused with the rest of the bone. The medial border . thicker 
in front than behind, is raised into a ridge, the nasal crest , which, with the 
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corresponding ridge of the opposite bone, forms a groove for the reception of 
the vomer, The front part of this ridge rises to a considerable height, and is 
named the incisor crest (fig. 327) ; it is prolonged forwards into a sharp pro- 
cess, which, with the similar process of the opposite bone, forms the anterior 
nasal spine. The posterior border is serrated for articulation with the hori- 
zontal part of the palatine bone. 

Ossification. — The maxilla is mainly developed in membrane. Mall * and 
Fawcett f have shown that it is ossified from two centres, one for the maxilla proper 
and one for the premaxilla. These centres appear at the end of the sixth week of 
foetal life, that for the maxilla proper commencing above the canine tooth-germ ; 


Fig. 330. — The right maxilla at birth. 
Lateral aspect. 



Fig. 331.— The right maxilla at birth. 
Inferior aspect. 



Fig. 332. — The right maxilla at birth. Medial aspect. 



they unite at the end of the second or early in the third month, but the suture 
between them (fig. 331) may persist on the palate until nearly middle life ; the frontal 
process of the bone is developed from both centres. The ossifying maxilla invades 
and incorporates the paranasal process of the cartilaginous nasal capsule, a condition 
which may account for the small islands of cartilage which are sometimes found in 
the ossifying maxilla. The maxillary air-sinus appears as a shallow groove (fig. 332) 
on the nasal surface of the bone about the fourth month of foetal life, but does not 
reach its full size until after the second dentition. The infra-orbital vessels and 
nerve lie for a time in an open groove in the floor of the orbit ; the anterior part 
of this groove is converted into the infra-orbital canal by a lamina of bone which 
grows from the lateral side of the groove. 


Changes produced in the Maxilla by Age 

At birth the transverse and anteroposterior diameters of the maxilla are each greater 
than the vertical. The frontal process is well-marked, but the body of the bone consists of 
little more than the alveolar process, the tooth-sockets reaching almost to the .floor of the 
orbit. The maxillary air-sinus is seen as a furrow on the lateral wall of the nose. In the 
adult the vertical diameter is the greatest, owing to the development of the alveolar pro- 
cess and the increase in size of the air-sinus. In old age, the bone reverts in some 
measure to the infantile condition: its height is diminished, and after the loss of the 
teeth the alveolar process is absorbed, and the lower part of the bone contracted and 
reduced in thickness. 

* American Journal of Anatomy, vol. v. 1906. 
f Journal of Anatomy and Physiology, vol. xlv. 1911. 
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The P ala tine Bones (Ossa Palatina) 

The palatine bones are situated at the posterior part of the nasal cavity, 
between the maxillae and the pterygoid processes of the sphenoidal bone (fig. 333). 


Fie. 333. — The articulation of the left palatine hone with the left maxilla. 
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Each assists in forming the floor and lateral wall of the nasal cavity, the roof 
of the mouth, and the floor of the orbit ; it enters into the formation of the 
pterygopalatine and pterygoid fossae and the inferior orbital fissure. 

The palatine bone somewhat resembles the letter L, and consists of a 
horizontal and a vertical part, and three outstanding processes — viz. the 
pyramidal process, which is directed backwards, lateralwards, and dow r n wards, 
from the junction of the horizontal and vertical parts, and the orbital and 
sphenoidal processes, which surmount the vertical part, and are separated 
by a deep notch, the sphenopalatine notch. 

The horizontal part of the palatine bone (figs. 334, 335) is quadrilateral, and 
has two surfaces and four borders. The nasal surface , concave from side to 
side, forms the posterior part of the floor of the nasal cavity. The palatine 
surface forms, with the corresponding surface of the opposite bone, the posterior 
one -fourth of the hard palate ; near its posterior margin is a curved ridge. 
The posterior border is thin and concave ; to it, and to the palatine surface as far 
forwards as the curved ridge just mentioned, the expanded tendon of the Tensor 
veli palatini is attached. The medial end of the posterior border is pointed, 
and, when united with that of the opposite bone, forms a projecting process, 
the posterior nasal spine , for the attachment of the Musculus uvulae. The 
anterior border is serrated, and articulates with the palatine process of the maxilla. 
The lateral border is united with the inferior border of the vertical part, and is 
grooved by the lower end of the pterygopalatine sulcus. The medial border 
thick and serrated, articulates with the corresponding border of the opposite 
bone, and the opposed borders form a crest which articulates with the posterior 
part of the lower edge of the vomer, and is continuous anteriorly with the 
nasal crest of the maxillae. 

The vertical part of the palatine bone (figs. 334, 335), thin and of an 
oblong form, has two surfaces and four borders. 

The nasal surface exhibits at its lower part a broad, shallow depression 
which forms part of the inferior meatus of the nasal cavity. Immediately 
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above this is a horizontal ridge, the crista conchalis , for articulation with the 
inferior nasal concha ; still higher is a second broad, shallow depression, which 
forms part of the middle meatus, and is limited above by the crista ethmoidalis , 


Pig. 334. — The left palatine bone. Medial aspect. (Enlarged.) 
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for articulation with the middle nasal concha. Above the crista ethmoidalis 
is a narrow, horizontal groove, which forms part of the superior meatus. 

The maxillary surface is rough and irregular throughout the greater part 
of its extent, for articulation with the nasal surface of the maxilla ; its upper 
and posterior part is smooth and forms the medial wall of the pterygopalatine 
fossa ; its front portion is also smooth and forms the posterior part of the 
medial wall of the maxillary air-sinus (fig. 328). On the posterior part of the 
maxillary surface is a deep vertical groove, the pterygopalatine sulcus , which 
in the articulated skull is converted 
into the pterygopalatine canal by the 
maxilla and the pterygoid process of 
the sphenoidal bone ; this canal trans- 
mits the descending palatine vessels, 
and the palatine nerves. 

The anterior border is thin and 
irregular ; at the level of the crista 
conchalis is a pointed projecting 
lamina, the maxillary process , which 
is directed forwards below and behind 
the maxillary process of the inferior 
nasal concha with which it articu- 
lates and assists in forming the 
medial wall of the maxillary air- 
sinus (fig. 328). The posterior border 
(fig. 335) is serrated for articulation 
with the medial pterygoid lamina of 
the sphenoidal bone. This border is 
continuous above with the sphenoidal 
process ; it expands below into the 
pyramidal process. The superior 
border supports the orbital process 
in front and the sphenoidal process 

behind. These processes are separ- a _ 7 .. 

ated by the sphenopalatine notch, which is converted into the sphenopalatine 
foramen bv the under surface of the body of the sphenoidal bone. ^ In e 
articulated skull this foramen leads from the pterygopalatine fossa into tne 


Fig. 335. — The left palatine bone. 
Posterior aspect. (Enlarged.) 
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posterior part of the superior meatus of the nose, and transmits the spheno 
palatine vessels and the posterior superior nasal nerves. The inferior border 
is fused with the lateral border of the horizontal part, and in front of 
the pyramidal process is grooved by the lower end of the pterygopalatine 
sulcus. 

The pyramidal process (tuberosity) of the palatine bone projects backwards, 
lateralwards, and downwards from the junction of the horizontal and vertical 
parts of the bone, and fits into the angular interval between the lower ends of 
the pterygoid la min ae. On its posterior surface is a smooth, grooved, triangular 
area, limited on either side by a rough articular furrow. The furrows articulate 
with the pterygoid laminae, while the grooved triangular area completes the 
lower part of the pterygoid fossa and gives origin to some fibres of the Ptery- 
goideus intemus. The anterior part of the lateral surface is rough for articula- 
tion with the maxillary tuberosity ; the posterior part consists of a smooth 
triangular area which appears, in the articulated skull, at the lower part of 
the infratemporal fossa between the maxillary tuberosity and the lateral 
pterygoid la min a (fig. 328). In the base or inferior surface of the pyramidal 
process, close to its union with the horizontal part of the bone, are the lesser 
palatine foramina for the transmission of the middle and posterior palatine 
nerves (fig. 329). 

The orbital process of the palatine bone (figs. 334, 335) is directed upwards 
and lateralwards from the front of the vertical part, to which it is joined by a 
constricted neck. It encloses an air-sinus, and presents three articular and 
two non-articular surfaces. The articular surfaces are : (1) the anterior or 
maxillary , of an oblong form, is directed forwards, lateralwards, and downwards, 
and articulates with the maxilla ; (2) the posterior or sphenoidal , directed 
backwards, upwards, and medialwards, presents the opening of the air-sinus, 
which usually communicates with the sphenoidal air-sinus ; the margins of 
the opening articulate with the sphenoidal concha ; (3) the medial or ethmoidal , 
directed medialwards and forwards, articulates with the labyrinth of the 
ethmoidal bone. In some cases, the air-sinus opens on this surface and then 
communicates with the posterior ethmoidal air-sinuses ; more rarely it opens 
on the ethmoidal and sphenoidal surfaces, and then communicates with the 
posterior ethmoidal air-sinuses, and the sphenoidal air-sinus. The non-articular 
surfaces are : (1) the superior or orbital , triangular in shape, is directed upwards 
and lateralwards, and forms the posterior part of the floor of the orbit ; and 
(2) the lateral , of an oblong form, is directed towards the pterygopalatine 
fossa, and is separated from the orbital surface by a rounded border, which 
forms the medial part of the lower margin of the inferior orbital fissure ; on 
the lower part of this surface is a groove, directed lateralwards and upwards, 
which lodges the maxillary nerve and is continuous with the transverse groove 
on the upper part of the infratemporal surface of the maxilla (p. 230). The 
border between the lateral and posterior surfaces is prolonged downwards as 
the anterior boundary of the sphenopalatine notch. 

The sphenoidal process of the palatine bone (figs. 334, 335) is a thin, 
compressed plate, smaller and on a lower level than the orbital process ; it is 
directed upwards and medialwards. Its superior surface articulates with the 
under surface of the sphenoidal concha and the root of the medial pterygoid 
lamina ; it presents a groove which contributes to the formation of the pharyn- 
geal canal. The inferomedial surface is concave, and forms a small part of the 
roof and lateral wall of the nasal cavity. The posterior part of the lateral surface 
articulates with the medial pterygoid lamina ; the anterior part is smooth, and 
forms a portion of the medial wall of the pterygopalatine fossa. The posterior 
border is rough and articulates with the vaginal process of the medial pterygoid 
lamina. The anterior border forms the posterior boundary of the sphenopalatine 
notch. The medial border articulates with the ala of the vomer. 

The orbital and sphenoidal processes are separated from one another by 
the sphenopalatine notch which is converted into the sphenopalatine foramen 
by the under surface of the body of the sphenoidal bone ; sometimes the two 
processes are united by a spicule of bone which converts the notch into a 
foramen. 

Ossification. — The palatine bone is ossified in membrane from one centre, which 
appears during the eighth week of foetal life in the vertical part of the bone. 
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From this point ossification spreads upwards into the orbital and sphenoidal pro- 
cesses, medialwards into the horizontal part, and downwards into the pyramidal 
process. 1 v 

. height of the vertical part is about equal to the transverse 

width oi the horizontal part, whereas in the adult it measures nearly twice as much. 


The Zygomatic Bones (Ossa Zygomatica) 

, s:ygrornati c or malar bones are situated at the upper and lateral parts 
j zj * ace ' “r ac h forms the prominence of the cheek, part of the lateral wall 
(fig 330) r °* 0r ^^ J an< ^ P ar ^ s ^he fomporal and infratemporal fossae 

The zygomatic bone is quadrangular in shape and has two surfaces, four 
borders, and four processes. 


Big. 336.— The left zygomatic bone in situ. 



The malar surface (figs. 336, 337), directed lateralwards and forwards, is 
convex and is perforated near its orbital border by the zygomaticofacial foramen 
for the passage of the zygomaticofacial nerve and vessels ; below this foramen 
is a slight elevation, which gives origin to the Zygomaticus. The temporal 
surface (fig. 338), directed medialwards and backwards, is concave, presenting 
anteriorly a rough, triangular area, for articulation with the maxilla, and 
posteriorly a smooth, concave surface, the upper part of which forms the 
anterior boundary of the temporal fossa, the lower, a part of the infratemporal 
fossa. Near the posterior edge of the rough triangular area is the zygomatico- 
temporal foramen for the transmission of the zygomaticotemporal nerve. 

The anterosuperior or orbital border is smooth, concave, and forms a con- 
siderable part of the circumference of the base of the orbit. The antero-inferior 
or maxillary border is rough, and articulates with the maxilla ; near the orbital 
margin it gives origin to the zygomatic head of the Quadratus labii superioris. 
The posterosuperior or temporal border , curved like an italic letter /, is continuous 
above with the temporal line on the frontal bone, and below with the upper 
border of the zygomatic arch ; the temporal fascia is attached to it. The 
poster o-inferior or zygomatic border affords attachment by its rough edge to 
the Masseter. 

The frontosphenoidal process is thick and serrated, and articulates with the 
zygomatic process of the frontal bone. On its orbital surface, just within the 
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orbital margin and about 11 mm. below the zygomaticofrontal suture is a- 
tubercle of varying size and form, but present in 95 per cent, of skulls 
(Whitnall),* 

The orbital process is a thick, strong plate, projecting backwards and 
medial wards from the orbital margin. Its orbital surface , smooth and concave, 
forms a part of the floor and lateral wall of the orbit. On it are usually 
seen the orifices of two canals, the zygomatico-orbital foramina ; one of these 
canals opens on the temporal surface, the other on the malar surface of the 
bone ; the former transmits the zygomaticotemporal, the latter the zygomatico- 
facial nerve. Its temporal surface, smooth and convex, forms parts of the 


Fig. 337. — The left zygomatic bone. Fig. 338.— The left zygomatic bone. 

Lateral aspect. Medial aspect. 


With frontal 



temporal and infratemporal fossae. Its anterior margin, smooth and rounded, 
is part of the circumference of the base of the orbit. Its superior margin, 
rough, and directed horizontally, articulates with the frontal bone behind 
the zygomatic process. Its posterior margin is serrated for articulation with 
the great wing of the sphenoidal bone above, and the orbital surface of the 
maxilla below. Between these two serrated portions there is usually a short, 
concave, non -articular part which forms the anterior boundary of the inferior 
orbital fissure. This non-articular part is sometimes absent, and the fissure is 
then completed by the junction of the maxilla and the sphenoidal bone, or by 
the interposition of a small sutural bone in the angular interval between them. 

The infra-orbital process is pointed and articulates with the maxilla, above 
the infra-orbital foramen. 

The temporal process is directed backwards and ends in an oblique, serrated 
margin which articulates with the zygomatic process of the temporal bone. 

Ossification. — The zygomatic bone is ossified from one centre which appears 
about the eighth week of foetal life. The bone is sometimes divided by a horizontal 
suture into an upper larger, and a lower smaller division. 


The Mandible (Mandibula) 

The mandible, the largest and strongest bone of the face, consists of a 
curved, horizontal portion, the body , from the ends of which two perpendicular 
portions, the rami, project upwards. 

* S. E. Whitnall, The Anatomy of the Human Orbit , 1921. — The structures attached to this 
tubercle are : (1) the 44 check ligament 5 ’ of the Rectus lateralis; (2) part of the aponeurosis 
of the Levator palpebrse superioris ; (3) the suspensory ligament of the eyeball ; and (4) the 
lateral palpebral ligament. 
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The body of the mandible is curved somewhat- like a horseshoe, and has two 
surfaces and two borders. The external surface (fig. 339) is marked in the upper 
part of the median line by a faint ridge, indicating the symphysis or junction of 
the two pieces of which the bone is composed at an early period of life. This 
ridge divides below and encloses a triangular eminence, the mental protuberance, 
the base of which is depressed in the centre but raised on either side to form 
the mental tubercle. On either side of the ridge, just below the incisor teeth,, 
is the incisive fossa, which gives origin to the Mentalis and to a small portion 
of the Orbicularis oris. Below the second premolar tooth, and about midway 
between the upper and lower borders of the body, is the mental foramen, for 


Fig. 339. — The left half of the mandible. Lateral aspect. 
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the exit of the mental vessels and nerve. Running backwards and upwards 
from the mental tubercle is a faint ridge, the oblique line, which is continuous 
with the anterior border of the ramus ; the Quadratus labii inferioris and 
Triangularis are attached to it, and the Platysma below it. 

The internal surface (fig. 340) is concave from side to side. Near the lower 
part of the symphysis is a pair of laterally placed spines, termed the mental 
spines, which give origin to the Genioglossi. Immediately below these is a 
second pair of spines, or more frequently a median ridge or impression, for the 
origins of the Geniohyoidei. In some bones the mental spines are fused to form 
a single eminence ; in others they are absent, and their position is indicated 
merely by an irregularity of the surface. Above the mental spines a median 
foramen and furrow are sometimes present ; they mark the line of union of the 
halves of the bone. Below the mental spines, on either side of the middle line, 
is an oval depression, the digastric fossa, for the attachment of the anterior 
belly of the Digastricus. Extending upwards and backwards on either side from 
the lower part of the symphysis to a point behind the last molar tooth is the 
mylohyoid line which gives origin to the Mylohyoideus ; the posterior part 
of this line, near the alveolar margin, gives attachment to a small part of the 
Constrictor pharyngis superior, and to the pterygomandibular raphe. Above 
the anterior part of this line is a smooth triangular area against which the 
sublingual gland rests, and below the posterior part, an oval fossa for a part 
of the submaxillary gland. 

The alveolar part or upper portion of the body is hollowed into sixteen 
cavities or alveoli, for the reception of the roots of the teeth ; these cavities 
vary in depth and size, and are single or subdivided by septa, according to 
the teeth which they contain. From the external surface of the alveolar part 
the Buccinator takes origin as* far forwards as the first molar tooth. The 
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inferior border or base of the mandible is rounded, and is thicker in front than 
behind : at the point where it is continuous with the lower border of the ramus 
a shallow groove, for the external maxillary artery, may be present. 

The ramus of the mandible is quadrilateral in shape, and has two surfaces, 
four borders, and two processes. The lateral surface (fig. 339) is flat and 
marked by oblique ridges at its lower part ; it gives attachment throughout 
nearly the whole of its extent to the Masseter. The medial surface (fig. 340) 
presents about its centre the mandibular foramen , which transmits the inferior 


Fig. 340. — The left half of the mandible. Medial aspect. 
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alveolar vessels and nerve. The foramen is overlapped in front by a triangular 
process, the lingula mandibulce , to the margins of which the sphenomandibular 
ligament is attached. Behind the lingula is a notch from which the mylohyoid 
groove runs obliquely downwards and forwards ; this groove lodges the mylo- 
hyoid vessels and nerve. • Behind the groove is a rough surface for the insertion 
of the Pterygoideus internus. Into the anterosuperior part of the medial 
surface a portion of the Temporalis is inserted. The lower border of the ramus 
is thick, straight, and continuous with the inferior border of the body of the 
bone. - At its junction with the posterior border is the angle of the mandible, 
which may be either inverted or everted, and is marked by rough, oblique ridges 
on either surface, for the insertion of the Masseter laterally, and the Pterygoideus 
internus medially; the stylomandibular ligament is attached to the angle, 

between these muscles . The anterior 

Fig. 341. — The right half of the mandible of border thin, above and thick below, 

a human embryo 24 mm. long. Lateral ls continuous with the oblique hue. 

aspect. (From a model by Low.) The posterior border , thick, smooth 

and rounded, is covered by the 
parotid gland. The upper border 
is surmounted by two processes, 
the coronoid in front and the con- 
dyloid behind ; these are separated 
by a deep concavity, the mandi- 
bular notch , which transmits the 
masseteric nerve and vessels. 

The coronoid process of the 
mandible is a thin, triangular 
eminence, which is flattened from 
side to side. Its anterior border is convex and is continuous below with the 
anterior border of the ramus ; its posterior border is concave and forms the 
anterior boundary of the mandibular notch. Its lateral surface is smooth, and 




THE MANDIBLE 


243 


affords insertion to the Masseter and Temporalis. Its medial surface gives 
insertion to the Temporalis, and presents a ridge which begins near the apex 
of the process and runs downwards and forwards to the medial side of the 
last molar tooth. Between this ridge and the anterior border is a grooved 
triangular area, the upper part of which gives attachment to the Temporalis, 
the lower part to some fibres of the Buccinator. 

The condyloid process of the mandible is thicker than the coronoid process, 
and consists of two portions ; the condyle, and the constricted neck which 
supports it. The condyle articulates with the articular disc of the temporo- 
mandibular joint ; it is convex from before backwards and from side to side, 
and its articular surface extends lower on the posterior than on the anterior 
surface. The long axis of the condyle is directed medialwards and slightly 
backwards, and if prolonged to the middle line will meet that of the opposite 
condyle near the anterior 
margin of the . foramen 
magnum. At the lateral 
extremity of the con- 
dyle is a small tubercle 
for the attachment of 
the mandibular liga- 
ment. The neck is 
flattened from before 
backwards, and strength- 
ened by ridges which 
descend from the sides 
and the lateral part of 
the front of the condyle. 

Its posterior surface is 
convex ; on its anterior surface is a depression, the pterygoid fovea , for the 
attachment of the Pterygoideus externus. 

The mandibular canal runs from the mandibular foramen obliquely down- 
wards and forwards in the ramus, and then horizontally forwards in the body 
beneath the alveoli, with which it communicates by small openings. It contains 
the inferior alveolar vessels and nerve, from which branches enter the roots of 
the teeth. Between the roots of the first and second premolar teeth the 
mandibular canal divides into the mental and incisive canals the mental 
canal runs upwards, backwards and lateralwards and ends at the mental 
foramen ; the incisive canal is continued forward below the incisor teeth. 

Ossification. — The mandible is ossified in the fibrous membrane covering the 
outer surfaces of Meckel’s cartilages. These two cartilages, a right and a left, 
form the cartilaginous bar of the mandibular arch (p. 76). Their dorsal or cranial 
ends are connected with the cartilaginous ear-capsules, and their ventral ends 
are joined to one another by mesodermal tissue. They run forwards immediately 
below the mandibular condyles and then, bending downwards, lie in a groove near 
the lower border of the bone ; in front of the canine teeth they incline upwards 
to the symphysis. From the proximal end of each cartilage the malleus and incus, 
two of the three ossicles of the middle ear, are developed ; the next succeeding 
portion, as far as the lingula of the mandible, is replaced by fibrous tissue which 
forms the sphenomandibifiar ligament. Between the lingula and the canine tooth 
the cartilage disappears, whilst the portion of it below and behind the incisor 
teeth is ossified and incorporated with this part of the mandible. 

Ossification takes place in the membrane covering the outer surfaces of Meckel’s 
cartilages (figs. 341 to 344), and each half of the bone is formed from one centre * 
which appears, near the mental foramen, about the sixth week of foetal fife. By 
the tenth week the portion of Meckel’s cartilage which lies below and behind the 
incisor teeth is surrounded and invaded by the membrane-bone. Somewhat later, 
accessory pieces of cartilage make their appearance — viz. a wedge-shaped piece in 
the condyloid process and extending downwards through the ramus ; a small patch 
along the anterior border of the coronoid process ; and smaller nodules in the front 
part of both alveolar walls and along the front of the lower border of the bone. 

* A. Low, Proceedings of the Anatomical and Anthropological Society of the University of Aberdeen, 
1905, and Journal of Anatomy and Physiology , vol. xliv. , and E. Fawcett, Journal of the American 
Medical Association, September 2, 1905. 


Fig. 342. — The right half of the mandible of a human 
embryo 24 mm. long. Medial aspect. (From a 
model by Low.) 
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These accessory nodules of cartilage possess no separate ossific centres, but are 
invaded by the surrounding membrane-bone and undergo absorption. The inner 
alveolar border, formerly described as arising from a separate splenial centre, is 


Fig. 343. — The right half of the mandible of a human embryo 95 mm. long. Lateral 
aspect. (The nuclei of cartilage are stippled.) (From a model by Low.) 
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Fig. 344. — -The right half of the mandible of a human embryo 95 mm. long. Medial 
aspect. (The nuclei of cartilage are stippled.) (From a model by Low.) 
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formed in the human mandible by an ingrowth from the main mass of the bone. 
At birth the bone consists of two parts, united by a fibrous symphysis, in which 
ossification takes place during the first year. 


The Changes produced in the Mandible by Age 

At birth (fig. 345) the body of the bone is a mere shell, containing on either side the 
sockets of the deciduous teeth, imperfectly partitioned off from one another. The 
mandibular canal runs near the lower border of the bone, and the mental foramen opens 
beneath the socket of the first deciduous molar tooth. The angle is obtuse (175°), and the 
condyloid portion is nearly in line with the body. The coronoid process is relatively 
large, and projects above the level of the condyle. 

After birth (fig. 346) the two segments of the bone become joined at the symphysis 
from below upwards, in the first year ; but a trace of separation may be visible in the 
beginning of the second year, near the alveolar margin. The body elongates, but more 
especially behind the mental foramen to provide space for the three additional teeth 
developed in this part. The depth of the body increases by growth of the alveolar part 
of the bone, to afford room for the roots of the teeth, and by thickening of the sub- 
alveolar portion. After the second dentition, the mandibular canal is situated just above 
the level of the mylohyoid line, and the mental foramen occupies the position usual to it 
in the adult. By the fourth year the angle is reduced to about 140°. 

In the adult (fig. 347) the alveolar and subalveolar portions of the body are of about 
equal depth. The mental foramen opens midway between the upper and lower borders of 
the bone, and the mandibular canal runs nearly parallel with the mylohyoid line. The 
ramus is almost vertical in direction, the angle measuring from 110° to 120°. 

In old age (fig. 348) the bone is reduced in size, for with the loss of the teeth the 
alveolar process is absorbed, and, consequently, the mandibular canal and the mental 
foramen are close to the alveolar border. The ramus is oblique in direction, the angle 
measures about 140°, and the neck of the condyle is more or less bent backwards. 
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The Hyoid Bone (Os Hyoideum) 

The hyoid bone (fig. 349) is U-shaped, and is suspended from the tips of 
the styloid processes of the temporal bones by the stylohyoid ligaments. It 
consists of a body, two greater and two lesser cornua. 

The body or central part of the hyoid bone is of a quadrilateral form. Its 
anterior surface is convex and directed forwards and upwards. Its upper part 
is crossed by a well-marked ridge which has a slight downward convexity, 
and in many cases a vertical median ridge divides the body into lateral halves. 
The portion of the vertical ridge above the transverse line is present in a majority 
of specimens, but that below the transverse line is rarely seen. The anterior 
surface gives insertion to the Geniohyoideus in the greater part of its extent 
both above and below the transverse ridge ; a portion of the origin of the 
Hyoglossus notches the lateral margin of the Geniohyoideus attachment. Below 
the transverse ridge the Mylohyoideus, Stemohyoideus, and Omohyoideus 
are inserted. The posterior surface is smooth, concave, directed backwards 


Big. 349. — The hyoid bone. Antero- 
superior aspect. 



Fig. 350. — A sketch of left half of the 
hyoid bone to show the muscular 
attachments. 
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and downwards, and separated from the epiglottis by the hyothyreoid 
membrane and a quantity of loose areolar tissue ; a bursa intervenes be- 
tween the bone and the membrane. The superior border is rounded, and gives 
attachment to the hyothyreoid membrane and to some aponeurotic fibres of 
the Genioglossus. The inferior border affords insertion medially to the Sterno- 
hyoideus and laterally to the Omohyoideus and occasionally a portion of the 
Thyreohyoideus. It also gives attachment to the Levator glandulse thyreoidese, 
when this muscle is present. In early life the lateral borders of the body are 
connected to the greater cornua by synchondroses, but after middle life they 
are usually united by bone. 

The greater cornua of the hyoid bone project backwards from the lateral 
borders of the body ; they are flattened from above downwards and diminish 
in size from before backwards. Each cornua ends posteriorly in a tubercle to 
which the lateral hyothyreoid ligament is fixed. The upper surface is rough 
close to its lateral border, for muscular attachments : the largest of these are 
the origins of the Hyoglossus and Constrictor pharyngis medius which extend 
along the whole length of the cornu ; the Digastricus and Stylohyoideus have 
small insertions in front of these, near the junction of the body with the cornu. 
To the medial border the hyothyreoid membrane is attached, while the anterior 
half of the lateral border gives insertion to the Thyreohyoideus. 

The lesser cornua of the hyoid bone are two small, conical eminences, 
attached by their bases at the angles of junction of the body and greater cornua. 
They are connected to the body of the bone by fibrous tissue and occasionally 
to the greater cornua by diarthrodial joints, which usually persist throughout 
life, but occasionally become ankylosed. 

The lesser cornua are situated in the line of the transverse ridge on the body 
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and appear to be morphological continuations of it.* The apex of each cornu 
gives attachment to the stylohyoid ligament f ; the Chondroglossus rises from 
the medial side of the base. 

Ossification. The hyoid bone is developed from the cartilages of the second 
and third branchial or visceral arches — the lesser cornua from the second, the 
greater cornua from the third, and the body from the fused ventral ends of both 
arches (p. 77). It is ossified from six centres : two for the body, and one for each 
cornu. Ossification commences in the greater cornua towards the end of foetal 
life, in the body before or shortly after birth, and in the lesser cornua during the 
first or second year, or later. 


THE EXTERIOR OF THE SKULL 

The skull as a whole may be viewed from above (norma verticalis), from 
below (norma basalis), from the side (norma lateralis), from behind (norma 
occipitalis), or from the front (norma frontalis). 


Norma Verticalis 

When viewed from above, the outline of the skull varies greatly in different 
specimens ; in some it is more or less oval, in others more nearly circular. The 
surface is traversed by three sutures, viz. : (I) the coronal, nearly transverse in 
direction, between the frontal and parietal bones; (2) the sagittal, in the 
median plane, between the parietal bones, and deeply serrated in its anterior 
two-thirds; and (3) the upper part of the lambdoid, between the occipital and 
parietal bones. The point of junction of the sagittal and coronal sutures 
is named the bregma, that of the sagittal and lambdoid sutures, the lambda ; 
they indicate respectively the positions of the anterior and posterior fonticuli 
of the foetal skull. On either side of the sagittal suture are the parietal tubero- 
sity or eminence and the parietal foramen — the latter, however, is frequently 
absent on one or both sides. The skull is often somewhat flattened in the 
neighbourhood of the parietal foramina, and the term obelion is applied to that 
point of the sagittal suture which is on a level with the foramina. At the 
front of the skull are the frontal tuberosities or eminences ; below these are 
the superciliary arches, joined to one another by the elevation of the glabella. 
Immediately above the glabella the remains of the frontal suture may be seen ; 
in infancy this suture divides the frontal bone into two parts, a condition which 
persists in about 9 per cent, of skulls. Passing backwards and upwards from 
the zygomatic processes of the frontal bone are the temporal lines, which mark 
the upper limits of the temporal fossae. The zygomatic arches may or may not 
be seen projecting beyond the anterior portions of these lines. 


Norma Basalis (Basis Cranii Externa) (figs. 351, 352) 

The external surface of the base of the skull, exclusive of the mandible, is 
bounded in front by the incisor teeth in the maxillae ; behind, by the superior 
nuchal lines of the occipital bone ; and laterally by the alveolar arch, the lower 
border of the zygomatic bone, the zygomatic arch and an imaginary fine drawn 
from this arch to the mastoid process of the temporal bone and the superior 
nuchal line of the occipital bone. The anterior part or hard palate projects 
below the level of the rest of the surface, and is bounded in front and laterally by 
the alveolar arch containing the sixteen teeth of the maxillae (fig. 329). Immedi- 
ately behind the incisbr teeth is the incisive foramen. In this foramen are 
two lateral apertures, the openings of the incisive canals (foramina of Stensen) ; 
each of these leads upwards into the corresponding nasal cavity and transmits 

* P. G. Parsons, Journal of Anatomy and Physiology , vol. xliii. 
t These ligaments may undergo partial ossification. 
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the terminal branches of the greater palatine vessels and the nasopalatine nerve. 
Occasionally there are two additional apertures (foramina of Scarpa) in the 
middle line ; when these foramina are present the nasopalatine nerves pass 
through them instead of through the foramina of Stensen, the left nerve 


Fig. 351. — The external surface of the left half of the base of the skull. 

(Norma basalis.) 



being usually transmitted through the anterior, and the right through the 
posterior foramen. The vault of the hard palate is concave, uneven, perforated 
by numerous foramina, and marked by depressions for the palatine glands ; 
its posterior part is traversed by a cruciate suture formed by the junction of the 
four bones of which it is composed. In the young skull a suture may be present, 
extending on either side from the incisive foramen to the interval between the 
lateral incisor and canine teeth, and marking off in front of it the os incisivum 
or premaxillary bone. At either posterior angle of the hard palate is the 
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greater palatine foramen, for the transmission of the greater palatine vessels 
and the anterior palatine nerve ; and running forwards and medial wards from 
the foramen are two grooves, for the same vessels and nerve. Behind the 
greater palatine foramen is the pyramidal process of the palatine bone, per- 
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Fig. 352. — Key to fig. 351. 
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f orated by two or three lesser palatine foramina, and marked by a curved 
ridge which is continued on the horizontal part of the hone, and gives attach- 
ment to part of the aponeurosis of the Tensor veli palatini. Projecting back- 
wards from the middle of the posterior border of the hard palate is the posterior 
nasal spine, from which the Musculus uvulae takes origin. 

Behind and above the hard palate are the choanae, each measuring about 
2*5 cm. vertically and 1*25 cm. transversely. They are separated from one 
another by the vomer and each is bounded above by the body of the sphenoidal 
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bone and the vaginal process of the medial pterygoid lamina, below by the 
horizontal part of the palatine bone, and laterally by the medial pterygoid 
lamina. At the superior border of the vomer are the expanded alse of this 
bone, which receive between them the rostrum of the sphenoidal bone, and 
articulate laterally with the sphenoidal processes of the palatine bones and the 
vaginal processes of the medial pterygoid laminae. Below the vaginal processes 
are the pharyngeal canals. The medial pterygoid lamina is long and narrow ; 
lateral to its upper part is the scaphoid fossa, for the origin of the Tensor veli 
palatini ; this muscle descends in contact with the medial surface of the lamina, 
and its tendon turns round the hamulus at the lower end of the lamina. At 
the upper end of the medial pterygoid lamina is the pterygoid tubercle, and 
immediately above this tubercle, the posterior end of the pterygoid canal. 
The lateral pterygoid lamina is broad ; its lateral surface forms the medial 
boundary of the infratemporal fossa, and gives origin to the lower head of the 
Pterygoideus externus. Its medial surface forms the lateral wall of the ptery- 
gokTfossa, and gives origin to the greater part of the Pterygoideus interims. 

Behind the choanse are the posterior part of the body of the sphenoidal bone 
and the basilar portion of the occipital bone ; near the centre of the latter is 
the pharyngeal tubercle for the attachment of the fibrous raphe of the pharynx, 
and on either side of the middle line are depressions for the insertions of 
the Longus capitis and Pectus capitis anterior. Behind the upper end of the 
lateral pterygoid lamina is the foramen ovale, for the transmission of the 
mandibular nerve, the accessory meningeal artery, and sometimes the lesser 
superficial petrosal nerve ; behind the foramen ovale are the foramen spinosum 
and the spina angularis of the sphenoidal bone ; the former transmits the 
middle meningeal artery and the nervus spinosus, the latter gives attachment 
to the sphenomandibular ligament and to a part of the Tensor veli palatini. 
Lateral to the spina angularis is the mandibular fossa, divided into two parts 
by the petrotympanic fissure ; the anterior portion of the fossa, concave, 
smooth and bounded in front by the articular tubercle, articulates with the 
articular disc of the mandibular joint ; the posterior portion, bounded behind 
by the tympanic part of the temporal bone, is sometimes occupied by a part 
of the parotid gland. Emerging from the vagina processus styloidei of the 
tympanic part of the temporal bone is the styloid process ; and behind the 
upper end of this process is the stylomastoid foramen, for the exit of the facial 
nerve, and entrance of the stylomastoid artery. Lateral to the stylomastoid 
foramen, between the tympanic part and the mastoid process, is the tympano- 
mastoid fissure, which gives exit to the auricular branch of the vagus nerve. 
Medial to the mastoid process is the mastoid notch (digastric fossa) for the 
posterior belly of the Digastricus, and medial to the mastoid notch, the groove 
for the occipital artery. At the base of the medial pterygoid lamina is the 
foramen lacerum, bounded anteriorly by the great wing of the sphenoidal bone, 
posteriorly and laterally by the apex of the petrous portion of the temporal 
bone, and" medially by the body of the sphenoidal bone and the basilar portion 
of the occipital bone ; it presents in. front, the posterior orifice of the pterygoid 
canal ; behind, the superior aperture of the carotid canal. In the recent state 
the lower part of the foramen lacerum is filled up by a fibrocartilaginous plate, 
on the upper surface of which the internal carotid artery rests. Between the 
petrous part of the temporal bone and the great wing of the sphenoidal bone 
is the sulcus tubse auditivae. This sulcus, directed lateralwards and backwards, 
lodges and gives attachment to the cartilaginous part of the auditory tube, 
and is continuous behind with the semicanalis tubse auditivae in the temporal 
bone. In the floor of this sulcus is the petrosphenoidal fissure, occupied, in 
the recent condition, by a plate of cartilage. Behind this fissure is the under 
surface of the petrous portion of the temporal bone, presenting, near its apex, 
a quadrilateral rough surface, part of which gives origin to the Levator veli 
palatini ; lateral and posterior to this surface is the inferior orifice of the carotid 
canal, and medial to this orifice, the depression leading to the aquseductus 
cochleae. Behind the inferior orifice of the carotid canal is the jugular foramen, 
formed in front and laterally by the petrous portion of the temporal bone, 
behind and medially by the occipital bone ; it is generally larger on the right 
than on the left side of the skull. The anterior part of the jugular foramen 
transmits the inferior petrosal sinus ; the intermediate, the glossopharyngeal, 
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vagus, and accessory nerves ; the posterior, the transverse sinus and some 
meningeal branches from the occipital and ascending pharyngeal arteries. On 
the ridge of bone between the inferior orifice of the carotid canal and the jugular 
foramen is the inferior tympanic canaliculus for the passage of the tympanic 
branch of the glossopharyngeal nerve, and in the lateral part of the jugular 
foramen, near the root of the styloid process, is the mastoid canaliculus for the 
passage of the auricular branch of the vagus nerve. Running from the jugular 
foramen to the foramen lacerum is the petro- occipital fissure, occupied, in the 
recent state, by a plate of cartilage. Behind the basilar portion of the occipital 
bone is the foramen magnum which transmits the medulla oblongata and its 
membranes, the spinal parts of the accessory nerves, the vertebral arteries, 
the anterior and posterior spinal arteries, and the ligaments connecting the 
occipital bone with the epistropheus or axis vertebra. Lateral to the anterior 
half of the foramen magnum are the occipital condyles for articulation with 
the atlas vertebra ; the medial side of each condyle is rough for the attachment 
of the alar ligament. Lateral to the condyle is the jugular process of the 
occipital bone, which gives attachment to the Rectus capitis lateralis. In front 
of the condyle is the hypoglossal canal for the passage of the hypoglossal 
nerve and a meningeal artery. Behind the condyle is the condyloid fossa, 
which is sometimes perforated by the condyloid canal for the transmission of 
a vein from the transverse sinus. Behind the foramen magnum is the 
median nuchal line, ending above at the external occipital protuberance ; on 
either side are the superior and inferior nuchal lines, which, with the surfaces 
of bone between them, are rough for the attachment of the muscles enumerated 
on p. 196. 

Norm a Lateralis (fig. 353) 

When viewed from the side the skull is seen to consist of the cranium above 
and behind, and the face below and in front. The cranium is somewhat ovoid 
in shape, but its contour varies in different cases, and depends largely on the 
length and height of the skull and on the degree of prominence of the superciliary 
arches and frontal tuberosities. Entering into its formation are the frontal, 
parietal, occipital, temporal, and sphenoidal bones. These bones are joined 
to one another by the coronal, sphenofrontal, sphenoparietal, sphenosquamosal, 
squamosal, parietomastoid and lambdoid sutures. The sphenoparietal suture 
varies in length in different skulls, and is absent in those cases where the 
frontal bone articulates with the temporal squama ; the posterior end of the 
sphenoparietal suture is named the pterion. The squamosal suture arches 
backwards from the pterion and connects the temporal squama with the lower 
border of the parietal bone ; it is continuous behind with the short, nearly 
horizontal parietomastoid suture which unites the mastoid process of the 
temporal bone with the mastoid angle of the parietal bone. r Extending across 
the cranium are the coronal and lambdoid sutures ; the former connects the 
frontal and parietal bones ; the latter, the occipital and parietal bones. The 
lambdoid suture is continuous below with the occipitomastoid suture between 
the occipital bone and the mastoid portion of the temporal bone ; in or near 
the latter suture is the mastoid foramen which transmits an emissary vein. 

Immediately above the orbital margin is the superciliary arch, and, at a 
higher level, the frontal tuberosity. Near the centre of the parietal bone is 
the parietal tuberosity. Posteriorly is the external occipital protuberance, 
from which the superior nuchal line may be followed to the mastoid process. 
The temporal lines arch across the side of the cranium and mark the upper 
limit of the temporal fossa. 

The temporal fossa is bounded above and behind by the temporal lines, 
which extend from the zygomatic process of the frontal bone upwards and 
backwards across the frontal and parietal bones, and then curve downwards 
and forwards to the temporal bone to become continuous with the supra- 
mastoid crest and the posterior root of the zygomatic arch. The temporal 
fossa is bounded in front by the frontal and zygomatic bones; opening on 
the latter is the zygomaticotemporal foramen. Laterally the fossa is limited 
by the zygomatic arch ; below, it is separated from the infratemporal fossa 
by the infratemporal crest on the great wing of the sphenoidal bone, and by a 
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ridge which runs backwards from this crest across the temporal squama to the 
anterior root of the zygomatic process. The floor of the fossa, deeply concave 
in front, is formed by the zygomatic, frontal, parietal, sphenoidal, and" temporal 
bones. It is traversed by vascular furrows : one, usually well marked, runs 
upwards above the opening of the external acoustic meatus, and lodges the 
middle temporal artery. Two others, frequently indistinct, may be observed 
on the anterior part of the door, and are for the anterior and posterior deep 
temporal arteries. The temporal fossa contains the Temporalis muscle and 
its vessels and nerves, together with the zygomaticotemporal nerve. 


Fio. 353. — The skull. Lateral aspect. (Norma lateralis.) 


The zygomatic arch is formed by the union of the zygomatic process of the 
temporal bone with the temporal process of the zygomatic bone ; the tendon 
of the Temporalis descends on the medial side of the arch to gain insertion 
into the coronoid process of the mandible. The zygomatic process of the 
temporal bone arises by two roots, an anterior, directed inwards in front of 
the mandibular fossa, where it expands to form the articular tubercle, and a 
posterior which runs backwards above the opening of the external acoustic 
meatus and is continuous with the temporal line. The upper border of the 
zygomatic arch gives attachment to the temporal fascia ; the lower border 
and medial surface of the arch give origin to the Masseter. 

Below the posterior root of the zygomatic arch is the porus acusticus 
externus, to the circumference of which the cartilaginous segment of the 
external acoustic meatus is attached. The small triangular area between 
the supramastoid crest and the posterosuperior part of the porus acusticus 
externus is termed the suprameatal triangle, and on the anterior border of 
this triangle, the suprameatal spine is sometimes seen. Between the tympanic 
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part and_ the articular tubercle is the mandibular fossa • behind the fossa 

it to ives attachment to the Styloglossus, Stylohyoideus, and Stylopharvneeus 
muscles, and to the stylohyoid and stylomandibular ligaments. Voice ting 
downwards behind the porus acusticus externus is the mastoid process, to thf 
outer surface of which the Sternoc leidomastoideus, Splenius capitis, and 
Longxssimus capitis are attached. r 1 

$lh* mv ° ral {° SSa V 3 ? 1 ! is an irregularly shaped space, situated 
medial to the zygomatic arch and the coronoid process of the mandible. It 
is bounded m front by the infratemporal surface of the maxilla, and by a 
ridge which ascends from the socket of the first molar tooth ; behind, by the 
articular tubercle of the temporal bone and the spina angularis of the sphenoidal 
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bone ; above, by the great wing of the sphenoidal bone bekwthe infratemporal 
crest, and a small triangular part of the temporal squama in front of the arti- 
cular tubercle; below, by the alveolar border of the maxilla; medially, by 
the lateral pterygoid lamina. It contains the lower part of the Temporalis, 
the Pterygoidei intemus et externus, the internal maxillary vessels, and the 
mandibular and maxillary nerves. The foramen ovale and foramen spinosum 
open on its roof, and the alveolar canals, on its anterior wall. At the upper 
and medial part of the fossa are two fissures, which meet at a right angle, the 
horizontal limb being the inferior orbital fissure, and the vertical limb the 
pterygomaxillary fissure. 

The inferior orbital fissure (sphenomaxillary fissnre), nearly horizontal in 
direction, opens into the lateral and posterior part of the orbit. It is bounded 
above by the lower border of the orbital surface of the great wing of the 
sphenoidal bone ; below, by the lateral border of the orbital surface of the 
maxilla and the orbital process of the palatine bone ; laterally, by a small part 
of the zygomatic bone * ; medially, it joins at right angles with the pterygo- 

* In from 35 to 40 per cent, of skulls the maxilla and the sphenoidal bone articulate with 
each other at the lateral end of this fissure, and exclude the zygomatic bone from it. 
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maxillary fissure. Through, the inferior orbital fissure the orbit communicates 
with the infratemporal and pterygopalatine fossae ; the fissure transmits the 
maxillary nerve and its zygomatic (temporomalar) branch, the infra-orbital 
vessels, the orbital branches of the sphenopalatine ganglion, and veins which 
connect the inferior ophthalmic vein with the pterygoid venous plexus. 

The pterygomaxillary fissure is vertical, and descends at right angles from 
the medial end of the inferior orbital fissure ; it is a triangular interval, formed 
by the divergence of the maxilla from the pterygoid process of the sphenoidal 
bone. It connects the infratemporal fossa with the pterygopalatine fossa, and 
transmits the terminal part of the internal maxillary artery. 


Fig. 355. — A section showing the posterior wall of the pterygopalatine 

fossa. 
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The pterygopalatine fossa (sphenomaxillary fossa) (figs. 355, 360) is a small, 
pyramidal space situated beneath the apex of the orbit at the angle of junction 
of the inferior orbital and pterygomaxillary fissures. It is bounded above 
by the under surface of the body of the sphenoidal bone and by the orbital 
process of the palatine hone ; in front, by the upper part of the infratemporal 
surface of the maxilla ; behind, by the base of the pterygoid process and the 
lower part of the anterior surface of the great wing of the sphenoidal bone ; 
medially, by the vertical part of the palatine bone with its orbital and sphenoidal 
processes. The fossa contains the maxillary nerve, the sphenopalatine ganglion, 
and the terminal part of the internal maxillary artery. Five foramina open 
into it. Of these, three are on the posterior wall, viz. : the foramen rotundum, 
the pterygoid canal, and the pharyngeal canal, in this order downwards and 
medialwards ; on the medial wall is the sphenopalatine foramen ; below is 
the superior orifice of the pterygopalatine canal. 


Norma Occipitalis 

When viewed from behind, the cranium presents a more or less circular 
outline. In the upper portion of the middle line is the posterior part of the 
sagittal suture connecting the parietal bones ; extending downwards and 
lateralwards from the posterior end of this suture is the deeply serrated lambdoid 
suture joining the occipital and parietal bones, and continuous below with the 
parietomastoid and occipitomastoid sutures ; the lambdoid suture frequently 
contains one or more sutural' bones (fig. 325). Near the middle of the occipital 
squama is the external occipital protuberance or inion, and, extending lateral- 
wards from it, the superior nuchal lines, and above these the faintly marked 
highest nuchal lines. The surface of the occipital bone above the inion and 
highest nuchal lines is named the planum occipitaJe, and is covered by the 
Occipitalis muscle ; the surface below is termed the planum nuchale, and is 
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its upper half articulates with the lamina perpendicularis of the ethmoidal 
bone, its lower is cleft for the reception of the inferior margin of the cartilage of 
the septum of the nose. The posterior border is free, concave, and separates the 


Fig. 322. — The median wall of the left nasal cavity, showing the vomer in situ. 



choanae oriposterior nasal apertures ; it is thick and bifid above, thin below. The 
anterior end of the vomer articulates with the posterior margin of the incisor 
crest of the maxillae and projects down wards between the incisive canals. 

Ossification. — At an early period the septum of the nose consists of a plate 
of cartilage. The superior part of this cartilage is ossified to form the lamina 
perpendicularis of the ethmoid ; its antero-inferior portion persists as the cartilage 
of the septum, whilst the vomer is ossified in the membrane covering its postero- 
inferior part. About the eighth week of foetal life two centres of ossification, one on 


Fig. 323. — The vomer. Left lateral aspect. 



either side of the middle line, appear in this part of the membrane, medial to and a 
little behind the paraseptal cartilages (p. 76). About the third month these centres 
unite below the cartilage, and thus a deep groove is formed (fig. 324) in which the 
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jometi to one another by the glabella. On and above the glabella a trace of 
the fronts suture sometimes persists ; beneath the glabella is the frontonasal 
suture, below and behind which are the frontomaxillary and frontolacrima 
.sutures. Below each superciliary arch is the upper part of the circvunferenSrf 
the base of the orbit, thin and promment in its lateral two-thirds rounded 
m its medial one-third, and displaying at the junction of these two portion? the 
supra-orbital notch or foramen for the supra-orbital nerve and vessels Tb? 
supra -orbital margin ends laterally in the zygomatic process, from which the 
temporallmesextend upwards and backwards. Below the frontonasal suture 
is the bridge of the nose convex from side to side, concavo-convex from abo?e 
•downwards, and formed by the two nasal bones which are supported in the middle 
ftJ ™ s ?, s P me °[ th / fr01 ?tal bone and the lamina perpend “ulaS 
•of the ethmoidal bone. The frontal processes of the maxillae ascend between 


Pig. 357.- 


-The light orbital cavity. Anterior aspect. 
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*the nasal and lacrimal bones and form the Irmw onrj i 
ferences of the orbits. Below the Ssal bones ^ pa ? ts ° f oircum - 

anterior aperture of the nasal cavity, pyriform in shan'r^t^r^^ 11 * 1S 
•directed upwards. Laterally this aperture is bounded bv ua . mnv '® nd 

curve medialwards and forwards below and cud in tiA , r P. mar S llls '"'hich 
On looking into the nasal cavTty, the liny L tum het ® ‘ ^nor mal spine. 

nasal chambers presents, in front, a large triangular deficiene^^hfs ri filf re* 
the recent state by the cartilage of tht nazal 1-nf, llue ney , this is filled m 

•each nasal cavity the anterior part of the inferior ’ °\ wall of 

•and lateral to the anterior nasal anerf nre atp n f 1 3a - conc ^ a 1S visible. Below 

•«»I. perforated, n SS the tuf °t lh ' 

for the passage of the inf»SX£? flt T b 1 ’ b y ^^a-orbital foramen 
this foramen is the canine e min ence separating the ;?■' Below and medial to 
Beneath these fossm are the alveolar processes^ thflua !1 Y® from canine fossa, 

•of the upper teeth; the front unner teeth contaimn g the roots 

teeth. The zygomatic bone on either side forms the ^ eorres P ondin g lower 
and the anterior part of the zygomatic amh IK.Sf ? r ° minence of the cheek 
lateral portion of the orbit aAavitv It a,rtir.iU?f StS “forming the lower and 
behind with the zygomat^ with tlle maxilla, 

•of the sphenoidal bone, and^above with the f® 6 ’ an ^ great wing 

W ; it is perforated by the zygomatico^iSr? ffTh? 
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zygomaticofacial nerve. On the upper j>art of the "body of the mandible is 
a median ridge, indicating the position of the symphysis or junction of the two 
pieces of which the bone is composed at an early period of life ; this ridge 
divides below to enclose the mental protuberance, the lateral angles of which 
are named the mental tubercles. Below the incisor teeth is the incisive fossa ; 
beneath the second premolar tooth is the mental foramen which transmits the 
mental nerve and vessels. The oblique line ascends from the mental tubercle 
and is continuous behind with the anterior border of the ramus. The posterior 
border of the ramus runs downwards and forwards from the condyle to the 
angle which is more or less everted. 


Fia. 358.™ A horizontal section through the nasal and orbital cavities. Superior aspect. 
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The orbits (figs. 356 to 360) are two pear-shaped cavities, situated at 
the junction of the cranium with the face, their bases being directed forwards 
and lateral wards, and their apices backwards and medialwards, so that the 
long axes of the cavities, if continued backwards, would meet over the body 
of the sphenoidal bone. Each orbit has a roof, a floor, a medial and a lateral 
wall, a base, and an apex. 

The roof of the orbit is thin, triangular, and concave, and is directed down- 
wards and slightly forwards. It separates the orbital from the cranial cavity, 
and its anteromedial part is double owing to the extension into it of the frontal 
air-sinus, and sometimes also the ethmoidal air-sinuses. It is formed in front 
by the orbital plate of the frontal bone, and behind by the small wing of the 
sphenoidal bone, which is pierced by the optic foramen. It presents, just within 
the base of the orbit and about midway between the supra- orbital notch and 
the frontolacrimal suture, a small depression or spine, the fovea vel spina 
trochlearis, for the attachment of the fibrocartilaginous pulley of the Obliquus 
oculi superior ; on its anterolateral part is the lacrimal fossa for the lacrimal 
gland ; posteriorly is the suture between the frontal bone and the small wing 
of the sphenoidal hone. 

C.A. 
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The fioor of the orbit (fig. 358) looks upwards and lateralwards, and is the 
shortest of the four walls ; it separates the orbital cavity from the maxillary 
air-sinus. Triangular in shape, it is formed chiefly by the orbital surface of the 
maxilla ; in front and laterally, by the orbital process of the zygomatic bone ; 
behind and medially, to a small extent, by the orbital process of the palatine 
bone. At its medial angle is the upper opening of the nasolacrimal canal, 
immediately to the lateral side of which is a small depression on the orbital 
surface of the maxilla for the origin of the Obliquus oculi inferior. On the 
lateral part of the floor is the suture between the maxilla and the zygomatic 
bone, and at its posterior part the suture between the maxilla and the orbital 
process of the palatine bone. Running forwards near the middle of the floor 
is the infra-orbital groove, ending anteriorly in the infra-orbital canal and 
transmitting the infra-orbital nerve and vessels. 


Fig. 359. — The medial wall of the left orbit. 
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The medial wall of the orbit (fig. 359) is nearly vertical. It is very thin, 
and separates the orbital cavity from the ethmoidal air-sinuses, and from the 
anterior part of the sphenoidal air-sinus. It is formed from before backwards 
by the frontal process of the maxilla behind the anterior lacrimal crest, the 
lacrimal bone and the small part of the frontal bone directly above it, the 
lamina papyraeea of the ethmoidal bone, and a small portion of the body of 
the sphenoidal bone in front of the optic foramen ; sometimes the sphenoidal 
concha forms a small part of this wall (p. 205). It exhibits three vertical sutures, 
viz. the lacrimom axillary, lacrimo-ethmoidal, and spheno -ethmoidal. In front 
is seen the lacrimal fossa, which lodges the lacrimal sac, and behind the fossa 
is the posterior lacrimal crest, from which the lacrimal part of the Orbicularis 
oculi arises. At the junction of the medial wall and the roof are the fronto- 
maxillary, frontolacrimal, fronto -ethmoidal, and frontosphenoidal sutures. In 
the fronto-ethmoidal suture are the anterior and posterior ethmoidal foramina, 
for the transmission of the corresponding ethmoidal nerves and vessels. 

The lateral wall of the orbit (fig. 360), directed medialwards and forwards, 
is formed by the orbital surface of the zygomatic bone and the orbital surface 
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of the great wing of the sphenoidal bone ; these are united by the spheno- 
zygomatic suture which terminates below at the anterior end of the inferior 
orbital fissure. On the orbital process of the zygomatic bone are the orbital 
tubercle (Whitnall) and the orifices of one or tw r o canals which transmit the 
branches of the zygomatic nerve. Between the jDosterior parts of the roof and 
the lateral wall is the superior orbital fissure. Through this fissure the oculo- 
motor, trochlear, and abducent nerves, the three branches of the ophthalmic 
nerve and some filaments from the cavernous plexus of the sympathetic enter 
the orbital cavity. The ophthalmic veins and the recurrent meningeal branch 
of the lacrimal artery leave the orbit through this fissure. The lateral -wall and 
the floor of the orbit are separated posteriorly by the inferior orbital fissure, 
which transmits the maxillary nerve and its zygomatic (temporomalar) branch, 


Tig. 360. — The lateral wall of the right orbit. 
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the infra-orbital vessels, the orbital branches of the sphenopalatine ganglion, 
and veins which connect the inferior ophthalmic vein with the pterygoid venous 
plexus. 

The base of the orbit (fig. 357), more or less quadrangular in shape, is formed 
above by the supra-orbital arch of the frontal bone, in which is the supra-orbital 
notch or foramen for the passage of the supra-orbital vessels and nerve ; below 
by the zygomatic bone and the maxilla, united by the zygomaticomaxillary 
suture ; laterally by the zygomatic bone and the zygomatic process of the 
frontal bone joined by the zygomaticofrontal suture ; medially by the frontal 
bone and the frontal process of the maxilla united by the frontomaxillary 
suture. Owing to the overhang of the orbital walls in front the base of the 
orbit is somewhat constricted, and the greatest circumference of the cavity is 
about 1 cm. behind the orbital margin. 

The apex of the orbit corresponds to the optic foramen,* a short canal 
through which the optic nerve and ophthalmic artery enter the orbital cavity. 
The sphenoidal air-sinus is on the medial side of the foramen. 

* The centre of the bar of bone between the optic foramen and the superior orbital fissure is 
sometimes described as the apex of the orbit. 
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THE INTERIOR OF THE SKULL 

In order to study the interior of the skull, the skull-cap should be removed 
by a saw -cut carried round the cranium about the level of the frontal eminences 
and the upper limits of the squamosal sutures, cutting the occipital bone 2*5 cm. 
above its external protuberance. 


The Internal Surface of the Skull-cap 

On the concave internal surface of the skull-cap are depressions for the 
convolutions of the cerebrum, and numerous furrows for the branches of the 
meningeal vessels. In the middle line is the sagittal sulcus, narrow in front, 
and broad behind ; it lodges the superior sagittal sinus, and its margins afford 
attachment to the falx cerebri. On either side of the sulcus are several depres- 
sions for the arachnoideal granulations, and, at its posterior part, the openings 
of the parietal foramina when these are present. It is crossed in front by the 
coronal suture, and behind by the lambdoid suture, whilst the sagittal suture 
is in the middle line between the parietal bones. 


The Internal Surface of the Base of the Skull (Basis Cranii Interna) 

(figs. 381, 362) 

The interna] surface of the base of the skull, or floor of the cranial cavity, 
is divided into anterior, middle, and posterior cranial fossae. 

The anterior fossa. — The floor of this fossa is formed by the orbital plates 
of the frontal bone, the lamina cribrosa of the ethmoidal bone, and the small 
wings and the anterior part of the body of the sphenoidal bone ; it is limited 
behind by the posterior borders of the small wings of the sphenoidal hone and 
by the anterior margin of the sulcus chiasmatis. It is traversed by the fronto- 
ethmoidal, spheno-ethmoidal and sphenofrontal sutures. Its lateral portions 
form the roofs of the orbital cavities and support the frontal lobes of the cere- 
brum ; they are convex and marked by depressions for the brain convolutions, 
and by grooves for branches of the meningeal vessels. The central portion 
of the floor corresponds with the roof of the nasal cavity, and is markedly 
depressed on either side of the crista galli. It presents, in the median line, 
from before backwards, the commencement of the frontal crest for the attach- 
ment of the falx cerebri ; the foramen caecum which frequently opens into the 
nasal cavity and transmits a small vein from that cavity to the superior sagittal 
sinus ; the crista galli, the free margin of which affords attachment to the 
anterior end of the falx cerebri. On either side of the crista galli is the olfactory 
groove formed by the lamina cribrosa of the ethmoidal bone, which supports 
the olfactory bulb and is perforated by foramina for the transmission of the 
olfactory nerves ; at the front part of the lamina cribrosa is the foramen for 
the anterior ethmoidal nerve. Lateral to the olfactory groove are the internal 
openings of the anterior and posterior ethmoidal foramina ; the anterior, 
situated about the middle of the lateral margin of the olfactory groove, transmits 
the anterior ethmoidal nerve and vessels ; the nerve runs in a groove along 
the lateral edge of the lamina cribrosa to the foramen above mentioned ; the 
posterior ethmoidal foramen opens at the posterior part of this margin under 
cover of a projecting lamina of the sphenoidal bone, and transmits the posterior 
ethmoidal nerve and vessels. The anterior margin of the sulcus chiasmatis 
runs lateralwards to the upper margins of the optic foramina. 

The middle fossa. — This fossa is deeper than the anterior, and is narrow in 
the middle, and wide at the sides of the skull. It is bounded in front by the 
posterior margins of the small wings of the sphenoidal bone, the anterior clinoid 
processes, and the ridge forming the anterior margin of the sulcus chiasmatis ; 
behind, by the dorsum sellae of the sphenoidal bone and the superior angles 
(superior margins) of the petrous portions of the temporal bones ; laterally by 
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the temporal squamae, the sphenoidal angles of the parietal bones, and the 
great wings of the sphenoidal bone. It is traversed by the squamosal, spheno- 
parietal, sphenosquamosal, and sphenopetrosal sutures. 

The middle part of the fossa presents, in front, the sulcus ehiasmatis and 
tuberculum sellse ; the suicus ends on either side at the optic foramen, which 
transmits the optic nerve and ophthalmic artery to the orbital cavity. The 
anterior clinoid process is directed backwards and medialwards behind the 
optic foramen and gives attachment to the anterior end of the free border 
of tie tentorium cere belli. Rehind the tuberculum sellse is the sella turcica, 
the deepest part of which lodges the hypophysis and is named the fossa hypo- 
physeos. At the lateral angles of the anterior wall of the sella turcica are 
the middle clinoid processes. The sella turcica is bounded posteriorly by the 
dorsum sellse, the upper angles of which are surmounted by the posterior 
clinoid processes ; these afford attachment to the lateral borders of the tentorium 
cerebelli, and a little below each process the side of the dorsum sellse is notched 
for the' passage of the abducent nerve. Lateral to the sella turcica is the 
carotid sulcus, which begins behind at the foramen lacerum, and ends on the 
medial side of the anterior clinoid process, where it is sometimes converted into 
a foramen (caroticoclinoid) by the union of the anterior and middle clinoid pro- 
cesses ; the posterior part of the sulcus is bounded anterolaterally by the 
lingula. The carotid sulcus lodges the cavernous sinus, the internal carotid 
artery, and the plexus of sympathetic nerves surrounding the latter. 

The lateral parts of the middle fossa are deep, and support the temporal 
lobes of the brain. They are marked by depressions for the. brain convolutions, 
and are traversed by furrows for the anterior and posterior branches of the 
middle meningeal vessels. These furrows begin by the bifurcation of a groove 
which commences at the foramen spinosum and runs for about 2 cm. forwards 
and lateralwards on the temporal squama ; the anterior furrow is directed 
forwards and upwards to the sphenoidal angle of the parietal bone, where it is 
sometimes converted into a bony canal ; the posterior furrow arches backwards 
across the upper part of the temporal squama and passes on to the parietal 
bone near the middle of its lower border. In the anterior part of the fossa 
is the superior orbital fissure, bounded above by the small wing, below by the 
great wing and medially by the body, of the sphenoidal bone ; it is usually 
completed laterally by the orbital plate of the frontal bone. It transmits to the 
orbital cavity the oculomotor, trochlear, and abducent nerves, the three 
branches of the ophthalmic nerve, and some filaments from the cavernous 
plexus of the sympathetic ; and from the orbital cavity the recurrent meningeal 
branch >f the lacrimal artery, and the ophthalmic veins. Behind the medial 
end of the superior orbital fissure is the foramen rotundum, for the exit of the 
maxillary nerve. Posterior and lateral to the foramen rotundum is the foramen 
ovale, which transmits the mandibular nerve, the accessory meningeal artery, 
and the lesser superficial petrosal nerve.* Medial to the foramen ovale is the 
foramen Vesalii which varies in size, and is often absent ; when present, it opens 
below' at the lateral side of the scaphoid fossa , and transmits a small vein. Lateral 
to the foramen ovale is the foramen spinosum, for the passage of the nervus 
spinosus and the middle meningeal artery. Medial and posterior to the foramen 
ovale is the foramen lacerum ; in the recent state the lower part of this foramen 
is filled by a fibrocartilaginous plate, on the upper surface of which rests the 
internal carotid artery surrounded by a plexus of sympathetic nerves ; the 
nerve of the pterygoid canal, and a meningeal branch from the ascending 
pharyngeal artery, pierce the fibrocartilaginous plate. On the anterior surface 
of the petrous portion of the temporal bone is the eminentia arcuata caused 
by the upward projection of the superior semicircular canal ; in front of this, 
the depressed area forming the roof of the tympanic cavity, and the groove 
leading to the hiatus of the facial canal for the transmission of the greater 
superficial petrosal nerve and the petrosal branch of the middle meningeal 
artery ; lateral to this groove, the smaller groove for the passage of the lesser 
superficial petrosal nerve ; and, near the apex of the bone., the depression for 
the semilunar ganglion, and the internal orifice of the carotid canal. 

The posterior fossa. — The posterior fossa, the largest and deepest, is formed 
by the dorsum sellse of the sphenoidal bone, the basilar and lateral parts of the 

* See footnote, p. 203. 
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occipital bone, the petrous and mastoid portions of the temporal bones, the 
mastoid angles of the parietal bones, and the lower part of the squama occipi- 
talis ; it lodges the cerebellum, pons, and medulla oblongata, and is crossed 
by the petro-occipital, occipitomastoid, and parietomastoid sutures. It is 


Fig. 361. — The internal surface of the left half of the base of the skull. 
(Basis cranii interna.) 



separated from the middle fossa in and near the median line by the dorsum sellse 
of the sphenoidal bone, and on either side by the superior angle (superior 
margin) of the petrous portion of the temporal bone. This angle gives attach- 
ment to the tentorium cerebelii, is grooved for the superior petrosal sinus, and 
is notched at its medial end for the trigeminal nerve. The posterior fossa is 
limited behind by the transverse sulci of the occipital bone. In its centre is the 
foramen magnum, and on either side of this foramen is a rough tubercle for 
the attachment of the alar ligaments ; a little above this tubercle is the 
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The medial surface (fig. 315) is convex, perforated by numerous apertures, 
and traversed by longitudinal grooves for the lodgment of vessels. The lateral 
surface is concave (fig. 316), and forms part of the inferior meatus of the nasal 
cavity. The superior border is thin and irregular, and may be divided into three 
portions : of these, the anterior articulates with the crista conchalis of the 
maxilla, and the posterior with the crista conchalis of the palatine bone. The 
middle portion presents three processes, which vary in size and form. Of these, 
the lacrimal process is small and pointed and is situated at the junction of the 
anterior one-fourth with the posterior three-fourths of the bone : it articu- 
lates, by its apex, with the descending process of the lacrimal bone (fig. 314), 
and, by its margins, with the edges of the nasolacrimal groove on the medial 


Fig. 315. — The right inferior nasal concha. Fig. 316. — The right inferior nasal concha. 
Medial aspect. Lateral aspect. 



surface of the body of the maxilla, and thus assists in forming the canal for 
the nasolacrimal duct. Behind this process a thin plate, the ethmoidal process, 
ascends to join the uncinate process of the ethmoid (fig. 314). From the 
middle part of the superior border a thin lamella, the maxillary process, 
curves downwards and lateralwards ; it articulates with the maxilla and the 
maxillary process of the palatine bone, and forms a part of the medial wall of 
the maxillary sinus (fig. 328). The inferior border is free, thick, and spongy 
in structure, more especially in the' middle of the bone. Both ends are more 
or less pointed, the posterior being the more tapered. 

Ossification. — The inferior nasal concha is ossified from one centre ; this appears 
about the fifth month of foetal life in the maxilloturbinal cartilage which is the 
incurved lower border of the lateral wall of the nasal capsule. It is detached from 
the remainder of the nasal capsule during ossification. 


Fig. 317 . — The left lacrimal 
bone. Lateral aspect. 
(Enlarged.) 


The Lacrimal Bohes (Ossa Lacrimalia) 

The lacrimal bones, the smallest and most fragile of the cranial bones, are 
situated at the front parts of the medial walls of the orbits (figs. 319, 328). Each 
lacrimal bone has two surfaces and four borders. 

The lateral or orbital surface (fig. 317) is divided by a 
vertical ridge, the posterior lacrimal crest. In front 
of this crest is a vertical groove, the lacrimal groove . 

The anterior border of this groove articulates with 
the posterior border of the frontal process of the 
maxilla to complete the lacrimal fossa for the lodge- 
ment of the lacrimal sac. The medial wall of the 
lacrimal groove is prolonged downwards under the 
name of the descending process. This process assists 
in forming the bony canal for the nasolacrimal 
duct by articulating with the lips of the sulcus 
lacrimalis of the maxilla, and with the lacrimal 
process of the inferior nasal concha. The portion 
behind the crest is smooth, and forms a part of the 
medial wall of the orbit. The crest, with a part of 
the orbital surface immediately posterior to it, gives 
origin to the lacrimal' part of the Orbicularis oculi. 

The crest ends below in a small hook, the lacrimal hamulus, which articulates 
with the lacrimal tubercle of the maxilla and completes the upper orifice of the 

O.A. 
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Each nasal cavity has a roof, a floor, and a medial and a lateral wall. 

The roof (figs. 365, 366) is horizontal in its central part, hut slopes down- 
wards in front and behind ; it is formed in front by the nasal bone and the 
frontal spine ; in the middle, by the lamina cribrosa of the ethmoidal bone ; 
and behind, by the body of the sphenoidal bone, the sphenoidal concha, the 
ala of the vomer and the sphenoidal process of the palatine bone. In the lamina 
cribrosa are the foramina for the olfactory nerves, and in front of these is the 
foramen for the anterior ethmoidal nerve ; in the posterior part of the roof 
is the opening into the sphenoidal air-sinus. 


Fig. 364. — The medial wall of the left nasal cavity. 



The floor, flattened from before backwards and concave from side to side, 
is formed by the palatine process of the maxilla and the horizontal part of the 
palatine bone - ; near its anteromedial angle is the opening of the incisive 
canal. 

The medial wall, or septum nasi (fig. 364), is frequently deflected to one 
or other side, more often to the left than to the right. It is formed, in front, by 
the crest of the nasal bones and the frontal spine ; in the middle, by the lamina 
perpendicularis of the ethmoidal bone ; behind, by the vomer and by the 
rostrum of the sphenoidal bone ; below, by the crest of the maxillae and palatine 
bones. In front is a large, triangular notch which is filled by the cartilage of 
the septum ; behind, is the free edge of the vomer. The septum nasi is marked 
by furrows for vessels and nerves, and the vomer is grooved for the nasopalatine 
nerve also. 

The lateral wall (figs. 365, 366) is formed, in front, by the nasal bone, the frontal 
process of the maxilla, and the lacrimal bone ; in the middle, by the ethmoidal 
bone, the maxilla, and the inferior nasal concha ; behind, by the vertical part 
of the palatine bone, and the medial pterygoid lamina of the sphenoidal bone. 
On this wall are three irregular, anteroposterior passages, termed the superior, 
middle, and inferior meatuses of the nose. The superior meatus, the smallest of 
the three, is between the superior and middle nasal conchas ; the spheno- 
palatine foramen opens into it behind, and the posterior ethmoidal air-sinuses 
g.a. 1 2 
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in front. Above and behind the superior concha is a triangular depression 
named the spheno-ethmoidal recess into which the sphenoidal air -sinus opens. 
The middle meatus is between the middle and inferior conchae, and extends 
from the anterior to the posterior end of the latter. The lateral wall of this 
meatus can be satisfactorily studied only after the removal of the middle concha. 
On it is a curved fissure, the hiatus semilunaris, limited below by the edge of 
the uncinate process of the ethmoidal bone, and above by an elevation named 
the bulla ethmoidalis ; the middle ethmoidal air-sinuses are contained within 
this bulla, and open on, or near to it. Through the hiatus semilunaris the 
meatus opens into a curved passage termed the infundibulum ; the infundi- 
bulum communicates in front with the anterior ethmoidal air-sinuses, and in 
rather more than fifty per cent, of skulls is continuous above with the fronto- 
nasaLduct which opens into the frontal air-sinus : v r hen this continuity fails 


Tie. 365. — The roof, floor, and lateral wall of the left nasal cavity. 
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through the fusion of the bulla ethmoidalis with the uncinate process of the 
ethmoidal bone, the frontonasal duct opens directly into the anterior part of 
the middle meatus. Below the bulla ethmoidalis and hidden by the uncinate 
process of the ethmoidal hone is the ostium maxillare or opening of the 
maxillary air-sinus ; an accessory opening from this air-sinus is frequently 
present above the posterior part of the inferior nasal concha. The inferior 
meatus , the largest of the three, is the space between the inferior concha and 
the floor of the nasal cavity. It extends almost the entire length of the lateral 
wall of the nose, is broader in front than behind, and presents anteriorly the 
lower orifice of the nasolacrimal canal. 

The apertura piriformis , or anterior nasal aperture (fig. 356), is bounded 
above by the inferior borders of the nasal bones ; laterally by the thin, sharp 
margins which separate the anterior from the nasal surfaces of the maxillae ; 
and below by the same margins, where they curve medialwards to join each 
other at the anterior nasal spine. In the recent state it is much contracted 
by the lateral and alar cartilages of the nose. 

The choance or posterior nasal apertures are separated from one another by 
the posterior border of the vomer ; each is hounded above by the ala of the 
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vomer and the vaginal process of the medial pterygoid lamina ; below, by the 
posterior border of the horizontal part of the palatine bone ; laterally, by 
the medial pterygoid lamina. 


Fig. 366. — The lateral wall of the right nasal cavity, with parts of the middle 
and inferior nasal conchae removed. 
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The Differences in the Skull due to Age 

At birth the skull is large in proportion to the other parts of the skeleton, but 
the base is short and narrow in proportion to the vault ; the facial portion is small 
and equals only about one-eighth of the bulk of the cranium as compared with 
one-half in the adult. The frontal and parietal tuberosities or eminences are promi- 
nent, and when the skull is viewed from above it presents a pentagonal outline 
with its greatest width at the parietal tuberosities (fig. 367) ; on the other hand, 
the glabella, superciliary arches, and mastoid processes are not developed. Ossi- 
fication of the skull bones is not . completed, and many of them — e.g. the occipital, 
temporals, sphenoidal, frontal, and mandible — consist of more than one piece. 
Unossified membranous intervals, termed fonticuli (fontanelles), are seen at the 
angles of the parietal bones ; these fonticuli are six in number ; two, the frontal 
and occipital, are situated in the middle line, and two, the sphenoidal and mastoid, 
on either side. 

The frontal or anterior fonticulus (fig. 367) is the largest, and is placed at the 
junction of the sagittal, coronal, and frontal sutures ; it is lozenge-shaped, and 
measures about i cm. in its anteroposterior and 2*5 cm. in its transverse diameter* 
The occipital or posterior fonticulus (fig. 367) is triangular in form and is situated 
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at the junction of the sagittal and lambdoid sutures. The sphenoidal and mastoid 
fonticuli (fig. 368) are small, irregular in shape, and correspond respectively with 
the sphenoidal and mastoid angles of the parietal bones. An additional fonticulus 

is sometimes seen in the sagittal 

Fig. 367.— The skull at birth, showing the sut are at the* region of the obelion. 
frontal and occipital fonticuli. Superior The fonticuli are usually closed by 


Fronted fonticulus 


aspect. _ the growth and extension of the bones 

which surround them, but sometimes 
they are the sites of separate centres 
of ossification which develop into 
sutural bones. The occipital and 
sphenoidal fonticuli are obliterated 
within two or three months after 
birth ; the mastoid fonticulus is 
usually closed about the end of the 
first year, and the frontal fonticulus 
about the middle of the second year. 

The smallness of the face at birth 
is mainly accounted for by the rudi- 
mentary condition of the mandible 
and maxillae, the non-eruption of 
the teeth, and the small size of the 
maxillary air-sinuses and nasal 
cavities. At birth the nasal cavities 
lie almost entirely between the 
orbits, and the lower border of the 
anterior nasal aperture is only a 
little below the level of the orbital 
floor. With the eruption of the 
deciduous teeth there is an enlarge- 
ment of the face and jaws, and these 
changes are still more marked after 
the second dentition. 

The skull grows rapidly from birth to the seventh year; at the latter age the 
lamina cribrosa of the ethmoidal bone, the foramen magnum, and the petrous 
parts of the temporal bones have reached their full size, and the orbital cavities are 



Occipital fonticulus 


Fig. 368. — The skull at birth, showing the sphenoidal and mastoid fonticuli. 

Left lateral aspect. 



only a little smaller than those of the adult. Growth is slow from the seventh 
year until the approach of puberty, when a second period of increased activity 
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occurs : this results in an enlargement in all directions, but especially in the frontal 
and facial regions, where it is associated with the development of the air-sinuses. 

Obliteration of the sutures of the vault of the skull takes place as age 
advances. It may commence between the ages of thirty and forty on the inner 
surface, and about ten years later on the outer surface of the skull, but the times 
at which the sutures are closed are subject to great variations. Obliteration usually 
occurs first in the lower part of the coronal suture, next in the posterior part of the 
sagittal suture, and then in the lambdoid suture. 

In old age the skull generally becomes thinner and lighter, but in a small 
proportion of cases it increases in thickness and weight. The most striking feature 
of the senile skull is the diminution in the size of the mandible and maxillse conse- 
quent on the loss of the teeth and the absorption of the alveolar processes. This 
is associated with a marked reduction in the vertical measurement of the face 
and with an alteration in the angles of the mandible. 

The Sex Differences in the Skull 

Until the age of puberty there is little difference between the skull of the female 
and that of the male. The skull of an adult female is as a rule lighter and smaller, 
and its capacity is about 10 per cent, less, than that of the male. Its walls axe 
thinner and its muscular ridges less marked ; the glabella, superciliary arches, and 
mastoid processes are less prominent, and the corresponding air-sinuses are small 
or rudimentary. The upper margin of the orbit is sharp, the forehead vertical, 
the frontal and parietal tuberosities prominent, and the vault somewhat flattened. 
The contour of the face is rounder, the facial bones are smoother, and the mandible 
and maxillae and their contained teeth smaller. Speaking generally, more of 
the infantile characteristics are retained in the skull of the adult female than in 
that of the adult male. A well-marked male or female skull can easily be recognised 
as such, but in some skulls the respective characteristics are so indistinct that the 
determination of the sex may be difficult or impossible.* 

Ckaniology 

Skulls vary in size and shape, and the term craniology is applied to the study of these 
variations. 

The capacity of the cranial cavity constitutes a good index of the size of the brain 
which it contained, and is most conveniently arrived at by filling the cavity with shot and 
measuring the contents in a graduated vessel. Skulls may be classified according to their 
capacities as follows : 

1. Microcephalic, with a capacity of less than 1350 c.cm. — e.g. those of native 
Australians and Andaman Islanders. 

2. M eso cephalic , with a capacity of from 1350 c.cm. to 1450 c.cm. — e.g. those of 
African negroes and Chinese. 

3. Megacephaiic , with a capacity of over 1450 c.cm. — e.g. those of Europeans, 
Japanese and Eskimos. 

In comparing the shape of one skull with that of another it is necessary to adopt some 
definite position in which the skulls should be placed during the process of examination. 
They should be so placed that a line carried through the lower margin of the orbit and 
upper margin of the opening of the external acoustic meatus is in the horizontal plane. 
The normae of one skull can then be compared with those of another, and the differences 
in contour and surface-form noted. Further, it is necessary that the various linear 
measurements used to determine the shape of the skull should be made between definite 
and easily localised points on its surface. The principal points may be divided into two 
groups : (1) those in the median plane, and (2) those on either side of it (fig. 369). 

The points in the median plane are the : 

Pogonion. The most prominent point of the chin. 

Alveolar point or prosthion. The central point of the anterior margin of the upper 
alveolar arch. 

Ahanthion, The tip of the anterior nasal spine. 

Subnasal point. The middle of the lower border of the anterior nasal aperture, at the 
base of the anterior nasal spine. 

Rhinion. The most prominent point of the internasal suture. 

Nasion. The central point of the frontonasal suture. 

Glabella . The point in the middle line at the level of the superciliary arches. 

* Some additional differences between tlie male and female skull are given by Professor E, G-. 
Parsons and Mrs. Lucas Keene, Journal of Anatomy , vol. liv. 1919. 
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Ophryon. The point in the middle line of the forehead at the level where the temporal 
lines most nearly approach each other. 

Bregma. The meeting point of the coronal and sagittal sutures. 

Obelion. A point in the sagittal suture on a level with the parietal foramina. 
Lambda. The point of junction of the sagittal and lambdoid sutures. 

Occipital point. The point in the middle line of the occipital bone farthest from 
the glabella. 

Inion. The external occipital protuberance. 

Opisthion. The mid-point of the posterior margin of the foramen magnum. 

Basion. The mid-point of the anterior margin of the foramen magnum. 


Fig-. 369. — An outline of the left side of the skull. 



The points on either side of the median plane are the : 

Gonion. The outer margin of the angle of the mandible. 

Jugal point. The angle between the temporal border of the zygomatic bone and the 
upper border of the zygomatic arch. 

Dacryon. The point of union of the anterosuperior angle of the lacrimal with the 
frontal bone and the frontal process of the maxilla. 

Pterion. The point where the great wing of the sphenoidal bone joins the sphenoidal 
angle of the parietal. 

Stephanion. The point where the temporal line intersects the coronal suture. 

Auricular point. The centre of the orifice of the external acoustic meatus. 

Supra-auricular point. A point on the posterior root of the zygomatic arch, above 
the middle of the orifice of the external acoustic meatus. 

Asterion. The point of meeting of the lambdoid, masto-occipital, andmastoparietal 
sutures. 

The horizontal circumference of the cranium is measured in a plane passing through 
the glabella in front, and the occipital point behind; it averages about 50 cm. in the 
female and 52*5 cm. in the male. 

The occipitofrontal or longitudinal arc is measured from the nasion over the middle 
line of the vertex to the opisthion, while the basinasal length is the distance between the 
basion and the nasion. These two measurements, plus the anteroposterior diameter of 
the foramen magnum, -represent the vertical circumference of the cranium. 

The length is measured from the glabella to the occipital point, while the breadth 
or greatest transverse diameter is usually found a little above and behind the opening 

of the external acoustic meatus. The proportion of breadth to length — ~ ^ 
is termed the cephalic index or index of breadth. length 

The height is measured from the basion to the bregma, and the proportion of height to 

length constitutes the vertical or height index . 
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In studying the face the principal points to be noticed are the proportion of its length 
to its breadth, the shape of the orbits and of the anterior nasal aperture, and the degree of 
projection of the jaws. 

The lertgth of the face is measured from the nasion to the lower margin of the man- 
dible, or, if the mandible be wanting, to the alveolar point; its width is the distance 
between the zygomatic arches. By comparing the length with the width of the face, 
skulls may be divided into two groups; dolichofacial (long-faced) and brachy facial 
(short-faced) . 

The orbital index signifies the proportion which the orbital height bears to the orbital 
width, thus : 

orbital height XlQQ 
orbital width 

The nasal index expresses the proportion winch the width of che anterior nasal 
aperture bears to the height of the nose, the latter being measured from the nasion to the 
subnasal point, thus : 

nasal width x 100 
nasal height 

The degree of projection of the jaws is determined by the gnathic or alveolar index , 
which represents the proportion between the basi-alveolar and basinasal lengths, thus : 

basi-alveolar leng th x 100 
basinasal length 

The dental index is arrived at by comparing the dental length (i.e. the dist an ce 
between the anterior surface of the first premolar and the posterior surface of the third 
molar tooth of the maxilla) with the basinasal length, thus : 

dental length X 100 
basinasal length 

The following table, modified from that given by Duckworth,* illustrates how some of 
these indices may be utilised in the classification of skulls : 


Index. 

Classification-. 

Nomenclature. 

Examples. 

1. Cephalic * 

Below 75 . 

Between 75 and 80 
Above 80 . 

Dolichocephalic . 

Mesaticephalie 
Brachycephalic . 

Kaffirs and Native 
Australians 

Europeans and Chinese 
Mongolians and Anda- 
mans 

2. Orbital 

Below 84 . 

Between 84 and 89 
Above 89 . 

Microseme . 

Mesoseme . 
Megaseme . 

Tasmanians and Native 
Australians 

Europeans 

Chinese and Polyne- 
sians 

3. Nasal . 

Below 48 . 

Between 48 and 53 
Above 53 . 

Leptorhine . 
Mesorhine . 
Platyrhine . 

Europeans 

Japanese and Chinese 
Negroes and Native 
Australians 

4. Gnathic 

Below 98 . 

Between 98 and 103 . 
Above 103 . 

Orthognathous . 

Mesognathous 

Prognathous 

Europeans 

Chinese and Japanese 
Native Australians 


Applied Anatomy. — Occasionally a protrusion of the brain or its membranes may take 
place through one of the sutures, owing to non-closure. When the protrusion consists of 
membranes only, and is filled with cerebrospinal fluid, it is called a meningocele ; when it 
consists of brain as well as membranes, it is termed an encephalocele. These malforma- 
tions are usually found in the middle line, and most frequently at the back of the head, 
the protrusion taking place between the centres of ossification of the occipital squama 
(see p. 200.) They generally occur through the upper part of the vertical fissure, which 
is the last to close, but not uncommonly through the lower part, when the foramen 
magnum may be incomplete. More rarely these protrusions are met with in other 
situations, as in the sagittal, lambdoid, and other sutures, or through abnormal gaps at 
the sides or base of the skull. 

* W. L. H. Duckworth, Morphology and Anthropology , Cambridge University Press. 
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The chief function of the skull is to protect the brain, and therefore those portions of 
the skull which are most exposed to external violence are thicker than those which are 
shielded from injury by overlying muscles. Thus, the skull-cap is thick and dense, 
whereas the temporal squamse, being protected by the Temporales muscles, and the 
inferior occipital fossae, being shielded by the muscles at the back of the neck, are thin and 
fragile. Fracture of the skull is further prevented by its elasticity, its rounded shape, 
and its construction of a number of secondary elastic arches, each made up of a single 
bone. The manner in which vibrations are transmitted through the bones of the skull is 
also of importance as regards its protective mechanism, at all events as far as the base is 
concerned. In the vault, the bones being of a fairly equal thickness and density, vibra- 
tions are transmitted in a uniform manner in all directions, but in the base, owing to the 
varying thickness and density of the bones, this is not so ; and therefore in this situation 
there are special buttresses which serve to carry the vibrations in certain definite direc- 
tions. At the front of the skull, on either side, is the ridge which separates the anterior 
from the middle fossa of the base ; and behind, the ridge or buttress which separates the 
middle from the posterior fossa ; and if any violence is applied to the vault, the vibrations 
would be carried along these buttresses to the sella turcica, where they meet. This part has 
been termed the 4 centre of resistance,’ and here there is a special protective mechanism 
to guard the brain. The subarachnoid cavity at the base of the brain is dilated, and the 
cerebrospinal fluid which fills it acts as a water- cushion to shield the brain from injury. 
In like manner, when violence is applied to the base of the skull, as in falls upon the feet, 
the vibrations are carried backwards through the occipital crest, and forwards through 
the basilar part of the occipital and body of the sphenoidal bone to the vault of the 
skull. 

Fractures of the skull are best considered as affecting either the vault or the base. 
Fractures of the vault generally involve the whole thickness of the bone ; but sometimes 
the inner table alone is fractured, and portions of it driven inwards. In fractures of the 
skull, and especially in punctured fractures, the inner table is more splintered and com- 
minuted than the outer, and this is due to several causes. It is thinner and more brittle ; 
the force of the violence as it passes inwards becomes broken up and is more diffused by 
the time it reaches the inner table ; the bone being in the form of an arch bends as a whole 
and spreads out, and thus presses the particles together on the convex surface of the arch, 
i.e. the outer table, and forces them asunder on the concave surface or inner table ; and, 
lastly, there is nothing firm under the inner table to support it and oppose the force. Frac- 
tures of the vault may be either simple, or starred and comminuted, and the fragments 
may be depressed or elevated. Cases of fracture with elevation of the fractured portion 
are uncommon, and can only be produced by direct wound. In comminuted fracture, 
a portion of the skull is broken into several pieces, the lines of fracture radiating from a 
centre where the chief impact of the blow was felt ; if the fracture is also depressed, a 
fissure circumscribes the radiating lines, enclosing a portion of the skull. If this area 
is circular it is termed a ‘ pond ’ fracture, and has probably been caused by a round instru- 
ment, as a life-preserver or hammer ; if elliptical in shape it is termed a c gutter ’ fracture, 
and owes its shape to the instrument which has produced it, as a poker. Fracture of the 
outer table alone may occur in the region of the frontal air-sinuses where the two tables 
are completely separated. 

Fractures of the base of the skull may be produced by indirect or direct violence. 

I, In cases of the former class the violence is applied to the vertex or some part of the 
cranial convexity, as when a person falls from a height on to his head and a fracture of 
the base results. The mechanism of this form of fracture is explained, (a) by extension 
of a fissure from the vertex to the base, or (b) by compression causing bursting to take 
place at a weak point in the base. 

II. Direct violence may be applied to the base of the skull in several different ways : 
by the impact of the vertebral column against the condyles of the occipital bone, in falls 
on the buttocks or feet ; by the condyle of the mandible being driven against the mandi- 
bular fossa, in blows or falls on the chin ; by the thrusting of a pointed instrument 
through the orbit or nose ; by gunshot wounds through the mouth ; and by a fall or a stab 
on the back of the head. 

In the majority of cases the fracture is compound. The most common place for frac- 
ture of the base to occur is through the middle fossa, and here the fissure usually takes a 
fairly definite course. Starting from the point struck, which is generally somewhere in 
the neighbourhood of the parietal eminence, it runs downwards through the parietal and 
the temporal squama and across the petrous portion, frequently traversing and implicating 
the internal acoustic meatus, to the foramen lacerum. From this it may pass across the 
body of the sphenoidal bone, through the sella turcica, to the foramen lacerum of the other 
side, and may indeed travel round the whole cranium so as completely to separate the 
anterior from the posterior part. The course of the fracture explains the symptoms to 
which fracture in this region may give rise : thus if the fissure pass across the internal 
acoustic meatus injury to the facial and acoustic nerves may result, with consequent 
facial, paralysis and deafness ; if the fissure extends through the semicircular canals giddi- 
ness will be complained of, especially on turning the head sideways ; or the tubular pro- 
longation of the arachnoid around the nerves in the meatus may be torn and thus permit 
of the escape of the cerebrospinal fluid should there be a communication between the 
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internal ear and the tympanic cavity together with rupture of the tympanic membrane* 
as is frequently the case : again, if the fissure pass across the sella turcica, and the mueo- 
periosteum covering the under surface of the body of the sphenoidal bone is tom, blood 
will find its way into the pharynx and be swallowed, and after a time vomiting of blood 
will result. Fractures of the anterior fossa, involving the bones forming the roof of the 
orbit and nasal cavity, are generally the result of blows on the forehead ; but fracture 
of the lamina cribrosa of the ethmoid may be a complication of fracture of the nasal bone. 
When the fracture implicates the roof of the orbit, the blood finds its way into this cavity, 
and travelling forwards, appears as a subconjunctival ecchymosis. If the roof of the nasal 
cavity be fractured, the blood escapes from the nose. In rare cases there may be also 
escape of cerebrospinal fluid from the nose should the dura mater and arachnoid have 
been tom. In fractures of the posterior fossa, extravasation of blood may appear at the 
nape of the neck, beneath the muscles attached to the superior nuchal line of the occipital 
bone. 

Deformities of the skull . — General enlargement of the skull, producing characteristic 
deformities of various types, occurs in certain rare diseases such as ostitis deformans, 
acromegaly, and leontiasis ossea ; it also is present in the much commoner disorders, rickets 
and hydrocephalus. In rickety cases the skull becomes enlarged from the formation of 
periosteal outgrowths of soft tissue on the outer side of the skull. These deposits are very 
rich in blood-vessels, and occur between the ridges of the cranial bones and their centres 
of ossification, and are symmetrically arranged — often about the anterior fontanelle ; 
Parrot’s nodes , which are local thickenings of the diploe or of the outer table are often 
associated with rickets, especially when congenital syphilis coexists. The anterior fon- 
tanelle itself, instead of closing about the middle of the second year, remains patent until 
the third or even the sixth year. The general shape of the skull alters. The forehead is 
high and square, with prominent frontal eminences, and the head tends to be cubical or 
box-shaped ; the enlargement of the head in rickets appears to be greater than it really 
is because the development of the facial bones is retarded. The base of the nose may 
appear sunken, from retarded development of the basis cranii. In congenital hydro- 
cephalus, or enlargement of the head due to the presence of excess of fluid in the ventricles 
of the brain, the cranium becomes globular, and its bones are thin and often widely 
separated. 

The bones of the face are sometimes fractured as the result of direct violence. Those 
most commonly broken are the nasal bones and the mandible ; the latter is by far the 
most frequently fractured of all the facial bones. Fracture of the nasal bone is for the 
most part transverse, and takes place about 1*25 cm. from the free margin. The broken 
portion may be displaced backwards or more generally to one side by the force which 
produced the lesion. The zygomatic bone is probably never broken alone — that is to say* 
without fracture of some of the other bones of the face. The zygomatic arch is occasion- 
ally fractured, and when this occurs as a result of direct violence the fragments may be 
displaced inwards. Fractures of the maxilla may vary much in degree, from the chipping 
off of a portion of the alveolar arch to an extensive comminution of the whole bone from 
severe violence, as the kick of a horse. The most common situation for a fracture of the 
mandible is in the neighbourhood of the canine tooth, as at this spot the bone is weakened 
by the deep socket for the root of this tooth ; it is next most frequently fractured at the 
angle ; then at the symphysis ; and finally the neck of the condyle or the coronoid process* 
may be broken. Occasionally a double fracture may occur, one in either half of the bone. 
The fractures are usually compound, from laceration of the mucous membrane covering 
the gums. Displacement readily occurs and is difficult to rectify ; it results in inequality 
in the line of the teeth and is commonly due to the muscles attached in the region of the 
symphysis dragging this portion downwards. 

In the operation of excision of the maxilla, the central incisor tooth having been 
extracted the incision is begun just below the medial canthus of the eye and passes along 
the side of the nose round the ala and down the middle line of the upper lip into the 
mouth, A second incision is made from the commencement of the first along the lower 
border of the orbit as far as the prominence of the zygomatic bone. The flap thus formed 
is reflected, so as to expose the bone. The periosteum attached along the lower margin of 
the orbit is now to be incised, and the periosteum covering the floor of the orbit is raised 
from the bone, for in all cases it is essential that this fibrous layer should not be removed. 
The mouth is now widely opened with a gag, and the mucous membrane covering the hard 
palate incised down to the bone in the middle line, and the soft palate separated from the 
hard. The surgeon having first separated the ala of the nose from its bony attachment, 
proceeds to divide the connexions of the maxilla with the other bones of the face. They 
are (1) the junction with the zygomatic bone, the line of section being carried into the 
inferior orbital fissure ; (2) the frontal process of the maxilla ; a small portion of its upper 
extremity, connected with the nasal bone in front, the lacrimal bone behind, and the 
frontal bone above, being left ; (3) the connexion with the opposite maxilla and with the 
palatine, are broken through. The bone is now firmly grasped and the remaining attach- 
ments of the orbital plate with the ethmoid, and of the back of the bone with the palatine 
are broken through. Occasionally the orbital plate can be saved, and this should always 
be done if possible, as it prevents lowering of the eyeball and consequent double vision. 
A horizontal saw-cut should then be made just below the infra-orbital foramen. 
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THE EXTREMITIES 

The extremities or limbs are four in number : a superior pair , subservient 
mainly to prehension ; and an inferior pair, intended for support and loco- 
motion, Both pairs are constructed after a common type, but certain functional 
differences are observed between them. 

The bones by which the upper and lower limbs are attached to the trunk 
constitute respectively the shoulder- and pelvic girdles. The shoulder -girdle 
or girdle of the superior extremities is formed by the scapulae and clavicles, and 
is imperfect in front and behind. In front, however, it is completed by the 
upper end of the sternum, with which the medial ends of the clavicles articulate. 
Behind, it is widely imperfect, the scapulae being connected to the trunk by 
muscles only. The pelvic girdle or girdle of the inferior extremities is formed 
by the hip-bones which articulate with each other in front at the symphysis 
pubis. It is imperfect behind, but the gap is filled by the upper part of the 
sacrum. The pelvic girdle, with the sacrum, is a complete ring, massive and 
comparatively rigid, in marked contrast to the lightness and mobility of the 
shoulder-girdle. 


THE BONES OF THE SUPERIOR EXTREMITY 
The Scapula 

The scapula or shoulder-blade is a flat, triangular bone, with two surfaces, 
three processes, three borders, and three angles. On the lateral angle is a 
shallow concavity, the glenoid cavity , for articulation with the head of the 
humerus. 

The costal surface (fig. 370) presents a broad cavity, the subscapular fossa, 
the medial two-thirds of which are marked by several oblique ridges running 
lateralwards and upwards. The ridges give attachment to the tendinous 
intersections, and the surfaces between them to the fleshy fibres, of the 
Subscapularis ; the lateral one-third of the fossa is smooth and in contact with 
this muscle. The fossa is separated from the vertebral border by smooth 
triangular areas at the medial and inferior angles of the bone, and in the interval 
between the angles by a narrow ridge ; these triangular areas and the intervening 
narrow ridge afford attachment to the Serratus anterior. At the upper part 
of the fossa the bone is bent on itself along a line corresponding with the 
attached margin of the spine. 

The dorsal surface (fig. 371) is arched from above downwards, and is sub- 
divided into two fossse by a projecting plate of bone, the spine ; the portion 
above the spine is called the supraspinatous fossa, and that below it the infra- 
spinatous fossa. The supraspinatous fossa is concave and smooth ; its medial 
two-thirds give origin to the Supraspinatus. The infraspinatous fossa is much 
larger than the preceding ; towards its vertebral margin a shallow concavity 
is present at its upper part ; the central part is convex, while that near the 
axillary border is deeply grooved. From the medial two-thirds of the fossa 
the Infraspinatus takes origin ; the lateral one-third is in contact with this 
muscle. From the lower part of the glenoid cavity an elevated ridge runs down- 
wards and backwards and reaches the vertebral border, about 2*5 cm. above 
the inferior angle ; it gives attachment to a fibrous septum which separates the 
Infraspinatus from the Teres major and Teres minor. The upper part of 
the surface between the ridge and the axiTary border is narrow ; it gives origin 
to the Teres minor, and is crossed by a shallow groove for the passage of the 
scapular circumflex vessels. The lower part of the surface is somewhat 
triangular, and gives origin to the Teres major. The two parts are separated 
by an oblique line which runs downwards and backwards from the axillary 
border ; a fibrous septum is attached to this oblique line, and separates the 
Teres major from the Teres minor. The upper portion of the Latissimus 
dorsi glides over the Teres major, and frequently derives a few fibres of origin 
from the inferior angle of the bone. 
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The spine is a triangular plate, which crosses obliquely the medial four-fifths 
of the upper part of the dorsal surface of the scapula, and separates the supra- 
from the infraspinatous fossa. It begins at the vertebral border in a smooth, 
triangular area over which the tendon of insertion of the lower part of the 
Trapezius glides, and, gradually becoming more elevated, ends in the acromion, 


Fig. 370. — The left scapula. Costal aspect. 


Coraco-acromial 



which overhangs the glenoid cavity. It is flat from above downwards, and 
its apex is directed towards the vertebral border. It has two surfaces and 
three borders. Its superior surface forms a part of the supraspinatous fossa, 
and gives origin to a portion of the Supraspinatus. Its inferior surface forms 
part of the infraspinatous fossa, gives origin to a portion of the Infraspinatus, 
and presents near its centre the orifice of a nutrient canal. The anterior border 
is attached to the dorsal surface of the scapula. The posterior border , or crest 
of the spine , is broad, with a superior and an inferior lip, and an intervening 
rough surface. The Trapezius is attached to the lateral three-fourths of the 
superior lip, and a rough tubercle is generally seen on the medial portion of 
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the lip for the tendon of insertion of the lower part of this muscle ; the Deltoideus 
is attached to the whole length of the inferior lip ; the area between the lips 
is subcutaneous and partly covered by the tendinous fibres of these muscles. 
The lateral border or base of the spine is thick and slightly concave ; it is con- 
tinuous above with the under surface of the acromion, below with the posterior 

Pig. 371. — The left scapula. Dorsal aspect. 



surface of the neck of the scapula. It forms the medial boundary of the great 
scapular notch, which connects the supra- and infraspinatous fossse. 

The acromion is a large triangular or oblong process which projects at 
first lateralwards from the spine, and then curves forwards and upwards, so- 
as to overhang the glenoid cavity. Its superior surface, directed upwards,, 
and slightly backwards and lateralwards, is subcutaneous. Its inferior surface 
is smooth and concave. Its lateral border is thick and irregular, and on it 
are three or four tubercles for the tendinous origins of the Deltoideus. Its 
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medial border , shorter than the lateral, is concave ; it gives attachment to a 
portion of the Trapezius, and presents near its anterior extremity a small, oval 
surface for articulation with the acromial end of the clavicle. Its apex, which 
corresponds with the point of meeting of the lateral and medial borders in 
front, is thin, and to it the coraco-acromial ligament is attached. 

Of the three borders of the scapula, the superior is the shortest and thinnest ; 
it is concave, and extends from the medial angle to the base of the coracoid 
process. At its lateral part 


is the scapular notch, formed 
partly by the base of 


Fig. 372. — The left scapula. Lateral aspect. 


the coracoid process. This 
notch is converted into a 
foramen by the superior 
transverse scapular liga- 
ment, and transmits the 
suprascapular nerve ; some- 
times the ligament is ossi- 
fied. From the adjacent 
part of the superior bor- 
der the Omohyoideus takes 
origin. The axillary border 
(fig. 372) is the thickest ; 
it begins above at the lower 
margin of the glenoid cavity, 
and runs downwards and 
backwards to the inferior 
angle. Immediately below 
the glenoid cavity is the 
infraglenoid tuberosity , a 
rough impression about 2*5 
cm. in length, which gives 
origin to the long head of 
the Triceps brachii ; in front 
of this a longitudinal groove 
extends as far as the lower 
one-third of this border, and 
affords origin to part of the 
Subscapularis. The inferior 
one-third is thin and serves 
for the attachment of a 
few fibres of the Teres maj.or 
behind, and of the Sub- 
scapularis in front. The 
vertebral border is the longest 
and extends from the medial 
to the inferior angle ; it is 
bent so that the portion 
above the spine forms an 
obtuse angle with the part 
below. It gives insertion 
to the Levator scapulae 
above the triangular surface 
at the apex of the spine, to 


Supraglenoid tubercle Acromion 



the Rhomboideus minor on 


the edge of that surface, and to the Rhomboideus major below it ; the last 
muscle is usually attached by means of a fibrous arch, connected above to the 
lower part of the triangular surface at the apex of the spine, and below to the 
lower part of the vertebral border. 

Of the three angles, the medial, at the junction of the superior and vertebral 
borders, is thin and smooth ; it gives attachment to a few fibres of the Levator 
scapulae. The inferior angle, thick and rough, is formed by the union of the 
vertebral and axillary borders ; its dorsal surface gives origin to the Teres 
major and frequently to a few fibres of the Latissimus dorsi. The lateral 
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angle is the thickest part of the bone, and is sometimes called the head of the 
scapula. It supports the coracoid process, and on its lateral surface is a shallow 
pyriform, articular surface, the glenoid cavity (fig. 372). This cavity looks 
lateralwards and forwards and articulates with the head of the humerus ; it is 
broader below than above and its vertical diameter is the longer. To its 
margin is attached a fibrocartilaginous lip, the glenoidal labrum, which deepens 
the cavity. At its apex is a small elevation, the supraglenoid tuberosity , from 
which the long head of the Biceps brachii takes origin. 

The neck of the scapula (collum scapulas) is the somewhat constricted part 
between the body and the head of the bone. Above, it corresponds with the 

Fig. 373. — A plan of the ossification of the scapula. From seven centres. 



scapular notch, and below, with the upper end of the infraglenoid tuberosity. 
On the surfaces of the bone its position may be indicated by lines drawn between 
the points mentioned. 

The coracoid process is a thick curved process attached by a broad base 
to the upper part of the head of the scapula ; it rims at first upwards and 
forwards ; then, becoming smaller, it changes its direction, and projects forwards 
and lateralwards. The ascending portion is flat from before backwards ; its 
anterior surface is crossed by the tendon of the Subscapularis, its posterior 
surface by the tendon of the Supraspinatus. The horizontal portion is flattened 
from above downwards ; its upper surface is convex and irregular, and gives 
attachment to the Pectoralis minor ; its under surface is smooth ; its medial 
and lateral borders are rough, the former giving attachment to the Pectoralis 
minor, and the latter to the coraco-acromial ligament ; the conjoined tendon 
of origin of the Coracobrachialis and short head of the Biceps brachii, and 
the coracoclavicular fascia are attached to the apex of the coracoid process. 
On the angle of junction of the ascending and horizontal portions of the coracoid 
process is a rough impression for the attachment of the conoid ligament ; and 
running from this impression obliquely forwards and lateralwards, on to the 
upper surface of the horizontal portion, is an elevated ridge for the attachment 
of the trapezoid ligament. 
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Structure. — The head, processes, and thickened parts of the scapula contain 
spongy substance ; . the rest consists of a thin layer of compact hone. The central 
part of the supraspinatous fossa and the greater part of the infraspinatous fossa are 
thin ; occasionally the hone is wanting in these situations, the gaps being filled 
by fibrous tissue. 

Ossification (fig. 373). — The scapula is ossified from seven or more centres : 
one for the body, two for the coracoid process, two for the acromion, one for the 
vertebral border, and one for the inferior angle. 

The centre for the body appears in the eighth week of foetal life, and spreads 
to form an irregular quadrilateral plate of bone, immediately behind the glenoid 
cavity. This plate forms the chief part of the bone, and the spine grows up from 
its dorsal surface about the third month. At birth, the glenoid cavity, coracoid 
process, acromion, vertebral border, and inferior angle are cartilaginous. In the 
first year of life, ossification begins in the middle of the coracoid process, and this 
process joins the rest of the bone about the fifteenth year. Between the fourteenth 
and twentieth years, ossification of the remaining parts usually takes place in the 
following order ; first, in the root of the coracoid process ; second, near the 
base of the acromion ; third, in the inferior angle and contiguous part of 
the vertebral border ; fourth, near the extremity of the acromion ; fifth, in the 
vertebral border. The base of the acromion is formed by an extension from 
the spine ; the rest of the acromion is ossified from two centres which unite, and 
then join the extension from the spine. The upper one-third of the glenoid 
cavity is ossified from a subcoracoid centre, which appears between the tenth 
and eleventh, and joins between the sixteenth and the eighteenth, years. EurtheT, 
an epiphysial plate appears for the lower part of the glenoid cavity, while the tip of 
the coracoid process frequently presents a separate centre. These various epiphyses 
are joined to the bone by the twenty-fifth year. 

Applied Anatomy . — Fractures of the body of the scapula are rare, owing to the 
mobility of the bone, the thick layers of muscles by which it is encased, and the elasticity 
of the ribs on which it rests. The most frequent course of a fracture is from the scapular 
notch to the infraglenoid tuberosity, and it derives its principal interest from its simula- 
tion of a subglenoid dislocation of the humerus. The diagnosis can be made by noting 
the alteration in the position of the coracoid process. The acromion is more frequently 
broken than any other part of the bone, and fibrous union is very liable to follow. Failure 
of bony union between the acromion and spine sometimes occurs and may simulate a 
fracture ; and the junction of these two parts may be then effected by fibrous tissue, or 
by an imperfect articulation. 

The presence of * winged scapulas 5 (scapulae alatae) described in thin persons of feeble 
muscular development in whom the lower angles of the scapulae project unduly, is due 
partly to abnormal roundness of the thoracic wall, and partly to weakness and flaccidity 
of the Latissimus dorsi and Serratus anterior. The shoulders are held low in these subjects* 
and the clavicles slope downwards and forwards, carrying with them the scapulae, which 
fit ill to the posterior wall of the chest and so tend to project from it. 


The Clavicle (Clavicttla) 

The clavicle or collar-bone (figs. 374, 375) articulates medially with the 
manubrium sterni, and laterally with the acromion of the scapula.* It is a 
long bone, and is placed nearly horizontally at the upper and anterior part of 
the thorax. It is bent somewhat like the italic letter /, presenting a double 
curvature, with a convexity forwards at the sternal end and a concavity forwards 
at the acromial end. Its lateral one-third is flattened, "whilst its medial two- 
thirds are cylindrical or prismoid in form. 

The lateral one-third of the clavicle has two surfaces, an upper and a lower, 
and two borders, an anterior and a posterior. The upper surface is flat and 
rough ; it affords attachment to the Deltoideus in front, and the Trapezius 
behind ; between these a small portion of the surface is subcutaneous. The 

* The clavicle acts especially as a fulcrum to enable tbe muscles to give lateral motion to 
the arm. It is accordingly absent in those animals whose fore-limbs are used only for progression, 
but is present for the most part in animals whose anterior extremities are clawed and used for 
prehension, though in some of them — as, for instance, in a large number of the carnivora — 
it is a rudimentary bone suspended among the muscles, and not articulating with either the 
scapula or the sternum. 
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lower surface is fiat ; at its posterior border, near the junction with the medial 
two-thirds of the 1 one, is a rough eminence, the coracoid tuberosity (conoid 
tubercle) ; this overlies the coracoid process of the scapula, and gives attach- 
ment to the conoid ligament. From this tuberosity, the oblique or trapezoid 
xMqc runs forwards and lateralwards, and affords attachment to the trap e zoid 
ligament. The anterior border is concave, thin, and rough, and gives origin to 
a portion of the Deltoideus ; at its medial part there is frequently a tubercle, 
the deltoid tubercle. The posterior border , convex, rough, and thicker than the 
anterior, gives insertion to a part of the Trapezius. 

The medial two-thirds of the clavicle constitute the prismoid portion of the 
bone, which is marked by three borders, separating three surfaces. The anterior 
border is continuous with the anterior border of the flat portion. Its lateral part 
is smooth, and corresponds to the interval between the attachments of the 


Fig. 374. — The left clavicle. Superior aspect. 


Acromial end 



Fig. 375. — The left clavicle. Inferior aspect. 



Pectoralis major and Deltoideus ; its medial part forms the lower boundary 
of an elliptical surface for the attachment of the clavicular portion of the 
Pectoralis major. The superior border is continuous with the posterior border 
of the flat portion, and separates the anterior from the posterior surface. Smooth 
and rounded laterally, it becomes rough towards the medial one-third for the 
attachment of the Sternocleidomastoideus, and ends at the upper angle of 
the sternal extremity. The subclavian or posterior border separates the posterior 
from the inferior surface, and extends from the coracoid tuberosity to the 
costal tuberosity ; it forms the posterior boundary of the groove for the Sub- 
clavius, and gives attachment to a layer of cervical fascia which envelops 
the Omohyoideus. The anterior- surface is between the superior and anterior 
borders. Its lateral part looks upwards, and is continuous with the superior 
surface of the flattened portion ; it is smooth, convex, and nearly subcutaneous, 
being covered only by the Platysma. Its medial part is divided by a narrow 
subcutaneous region into two areas ; a lower, elliptical in form, and directed 
forwards, for the attachment of the Pectoralis major : and an upper, for the 
attachment of the clavicular part of the Sternocleidomastoideus. The pgsktrior 
or cervical, surface is smooth, and looks backwards towards the root of the neck. 
It is limited, above, by. the superior border ; below, by the subclavian border ; 
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medially, by the margin of the sternal extremity ; and laterally, by the coracoid 
tuberosity. It is in relation with the transverse scapular vessels, and, at the 
junction of the curves of the bone, with the brachial plexus of nerves and 
the subclavian vessels. Hear the sternal end, this surface gives attachment to 
part of the Sternohyoideus ; and near the middle of this surface is a foramen 
for the transmission of a nutrient artery which runs lateralwards into the 
bone. A second nutrient artery may enter this, or the inferior, surface. The 
inferior or subclavian surface is between the anterior and subclavian borders. 
It is narrow medially, but increases in width laterally, and is continuous with 
the lower surface of the lateral one -third. On its medial part is a rough area, 
the costal tuberosity (rhomboid impression), rather more than 2 cm. ‘in length, 
for the attachment of the costoclavicular ligament. The rest of this surface is 
grooved, and gives insertion to the Subclavius muscle ; the coracoclavicular 
fascia splits to enclose the muscle and is attached to the margins of the groove. 

The sternal end of the clavicle is triangular in form, and is directed medial- 
wards, and a little downwards and forwards. On it is an articular facet which 
is concave from before backwards, and convex from above downwards ; it 
articulates with the articular disc of the sternoclavicular joint. This facet is 
continued on to the anterior and inferior sufaces of the bone as a small semi-oval 
area for articulation with the cartilage of the first rib. The circumference of 
the articular surface is rough for the attachment of ligaments ; the upper angle 
and a narrow rough area below- it give attachment to the articular disc. 

The acromial end of the clavicle presents a small, flattened, oval surface 
directed slightly downwards, for articulation with the acromion of the scapula. 
The upper margin of the facet is rough for the attachment of the acromio- 
clavicular ligament. 

In the female, the clavicle is shorter,* thinner, less curved, and smoother 
than in the male. In the female the acromial end is a little below T the level of 
the sternal end ; in the male it is on a level with, or slightly higher than, the 
sternal end. In persons who perform hard manual labour the clavicle is 
thicker and more curved, and its ridges for muscular attachment are better 
marked. 

Structure. — The clavicle consists of spongy substance, enveloped by a layer 
of compact bone which is much thicker in the intermediate part than at the ends 
of the bone. 

Ossification. — The clavicle begins to ossify before any other bone in the body, 
and is ossified from three centres. The body of the bone is ossified from two primary 
centres, f a medial and a lateral, which appear between the fifth and sixth weeks of 
foetal life, and fuse about the. forty-fifth day; a secondary centre for the sternal 
end appears about the eighteenth or twentieth year, and unites with the body 
of the bone about the twenty-fifth year. 

In a 14 mm. embryo the future clavicle is represented by a band of mesoderm which 
extends from the acromion of the scapula to the tip of the first rib, and is continuous with 
the rudiment of the sternum. In this band a medial and a lateral mass of ‘ precartilage ’ 
is developed, and in the adjacent ends of these masses the two centres for the body of 
the bone appear and soon fuse with each other. The sternal and acromial ends of the 
precartilaginous masses are converted into cartilage and into this the ossification of the 
body of the bone extends. 

Applied Anatomy. — The clavicle is very frequently fractured, since it is much exposed 
to violence, and is the only bony connexion between the upper limb and the trunk, acting 
as a buttress to keep the point of the shoulder awa) from the thorax. It is, moreover, 
slender, and is very superficial. The most common cause is indirect violence, as the 
result of force applied to the hand or shoulder, and the bone then gives way at the junction 
of its lateral with its intermediate third, that is to say, at the junction of the two curves, 
for this is its weakest part. The fracture is generally oblique, and the displacement of the 
lateral fragment is downwards, forwards, and medialwards. The deformity is mainly due 
to the weight of the arm acting upon the fragment when the buttress-like action of the 
bone is gone, assisted by the muscles which pass from the thorax to the upper extremity. 

* F. G. Parsons (, Journal of Anatomy and Physiology , vol. li.) gives the following as the average 
lengths of the clavicle in the male and female : male, left, 154 mm., right, 152 mm. ; female, 
left, 139 mm., right, 138 mm. 

f Mall, American Journal of Anatomy , vol. v., 1906 ; Fawcett, Journal of Anatomy and 
Physiology, vol. xlvii. ; Hanson, Anatomical Record , vol. xix. (number 6), 1920. 
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divided, by the medial nuchal line which runs downwards and forwards from 
the inion to the foramen magnum ; this line gives attachment to the ligamentum 
nuchae. The muscles attached to the planum nuchale are enumerated on 
p. 196. Below and in front are the mastoid processes, convex laterally and 
grooved medially by the mastoid notches. In or near the occipitomastoid 
suture is the mastoid foramen for the passage of the mastoid emissary vein. 


Norma Frontalis (fig. 356) 

When viewed from the front, the skull exhibits a somewhat oval outline, 
limited above by the frontal bone, below by the body of the mandible, and 
laterally by the zygomatic bones and the mandibular rami. The upper part,. 


Fig. 356. — The skull. Anterior aspect. (Norma frontalis.) 
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formed by the frontal squama, is smooth and convex. The lower part, made 
up of the bones of the face, is irregular ; it is excavated laterally by the orbital 
cavities, and presents in the middle the anterior nasal aperture leading to the 
nasal cavities, and below this the transverse slit between the upper and lower 
dental arcades. The frontal tuberosities stand out more or less prominently,, 
and beneath these are the superciliary arches, the medial ends of which are* 
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Between the tubercles is the 
intertubercular sulcus (bicipital 
groove), which lodges the long 
tendon of the Biceps brachii, 
transmits a branch of the 
anterior humeral circumflex 
artery to the shoulder-joint, 
and gives insertion to the 
tendon of the Latissimus dorsi. 
The sulcus diminishes in depth 
distalwards, and, near the 
junction of the upper with the 
middle one-third of the bone, 
is continuous with the antero- 
medial surface. The lips of 
the sulcus are called the crests 
of the greater and lesser tubercles 
(bicipital ridges), and form the 
upper parts of the anterior and 
medial borders of the body of 
the bone. 

The body or shaft of the 
humerus is almost cylindrical 
above, but prismoid and flat- 
tened below ; it has three 
borders and three surfaces. 

The anterior border runs 
from the front of the greater 
tubercle above to the coronoid 
fossa below, and separates 
the anteromedial from the 
anterolateral surface. Its upper 
part, the crest of the greater 
tubercle, serves for the inser- 
tion of the tendon of the Pecto- 
ralis major ; its middle part 
forms the anterior boundary 
of the deltoid tuberosity ; its 
lower part is smooth and 
rounded, and affords attach- 
ment to the Brachialis. 

The lateral border runs from 
the back of the greater tubercle 
to the lateral epicondyle, and 
separates the anterolateral from 
the posterior surface. Its 
upper half, which is indistinctly 
marked, gives insertion to the 
lower part of the Teres minor, 
and origin to the lateral head 
of the Triceps brachii ; its 
middle part is traversed by a 
shallow oblique depression, the 
sulcus nervi radialis (musculo - 
spiral groove). Its lower part 
forms a prominent rough 
margin, the lateral supracondy- 
lar ridge, which is curved for- 
wards, and gives attachment 
to the lateral intermuscular 
septum. The proximal two- 
thirds of this ridge give origin 
to the Braehioradialis ; the 
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Fig. 378. — The left humerus. 
Posterior aspect. 



distal one-third, to the Extensor carpi 
radialis longus. 

The medial border extends from the 
lesser tubercle to the medial epicondyle 
and separates the anteromedial from the 
posterior surface. Its upper part, the crest 
of the lesser tubercle, gives insertion to 
the tendon of the Teres major. Near the 
middle is a slight impression for the inser- 
tion of the Coracobrachialis, and just 
below this the nutrient canal enters the 
bone, and is directed downwards ; some- 
times there is a second nutrient canal at 
the commencement of the radial sulcus. 
The inferior one-third of this border forms 
the medial supracondylar ridge which gives 
attachment to the medial intermuscular 
septum, and is prominent below. . 

The anterolateral surface is directed 
lateralwards above, where it is smooth, 
rounded, and covered by the Deltoideus ; 
forwards and lateralwards below, where it 
is slightly concave from above downwards, 
and gives origin to part of the Brachialis. 
About the middle of this surface is a 
rough elevation, triangular in shape with 
the apex below, the deltoid tuberosity , for 
the insertion of the Deltoideus ; below this 
is the sulcus nervi radialis, which is 
directed from behind, forwards, and distal- 
wards, and transmits the radial nerve and 
arteria profunda brachii. 

The anteromedial surface, less extensive 
than the anterolateral, is directed forw ards 
above, forwards and medialwards below ; 
its upper part, which is narrow, forms the 
floor of the intertubercular sulcus and 
gives insertion to the tendon of the Latis- 
simus dorsi ; its middle part is slightly 
rough for the attachment of some of the 
fibres of the tendon of insertion of the 
Coracobrachialis ; its lower part is smooth* 
concave from above downwards, and gives 
origin to the Brachiabs.* 


* A hook-shaped process of bone, the supra- 
condylar process , varying from 2 mm. to 20 mm. 
in length, is not infrequently found projecting from 
the anteromedial surface of the body of the 
humerus, about 5 cm. above the medial epicondyle. 
It is curved downwards and forwards, and its 
pointed end is connected to the medial border, just 
above the epicondyle, by a fibrous band which 
gives origin to a portion of the Pronator teres ; 
through the arch completed by this fibrous band 
the median nerve and brachial artery pass, when 
these structures deviate from their usual course. 
Sometimes the nerve alone is transmitted through 
it, or the nerve may be accompanied by the ulnar 
artery, in cases of high division of the brachial 
artery. A groove is usually found behind the pro- 
cess, in which the nerve and artery are lodged. 
This arch is the homologue of the supracondylar 
foramen found in many animals, and probably serves 
in them to protect the nerve and artery from com- 
pression during the contraction of the muscles in 
this region. 
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The posterior surface appears somewhat twisted, so that its upper part 
is directed a little medialwards, its lower part backwards. Nearly the whole 
of this surface is covered by the lateral and medial heads of the Triceps brachii, 
the former arising above, the latter below the radial sulcus. 

The lower end of the humerus is flattened from before backwards, and 
curved slightly forwards ; it ends in a broad, articular surface which is divided 
into two parts by a smooth ridge. Projecting on either side, at a higher level 
than the articular surface, are the lateral and medial epicondyles. The articular 
surface (fig. 379) is curved slightly forwards, and its medial extremity is lower 
than the lateral. The lateral portion of this surface is a smooth, rounded 
eminence, named the capitulum of the humerus ; it articulates with the cup- 
shaped depression on the head of the radius, and is limited to the front and lower 
part of the bone. On the medial side of the capitulum is a shallow groove, in 
which the medial margin of the head of the radius is received ; above the 
front part of the capitulum is a small depression, the radial fossa, which receives 
the anterior border of the head of the radius, when the forearm is flexed. The 
medial portion of the articular surface is named the trochlea or pulley ; it 
articulates with the semilunar notch of the ulna. Its central part consists of 


Pig. 379. — The lower end of the left humerus. Inferior aspect. 
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a deep groove which winds spirally from before backwards and lateralwards 
round the lower end of the bone ; the groove is deeper behind where it expands 
to occupy the whole width of the trochlea. The medial margin of the trochlea 
is prominent, and forms about two-thirds of a circle, and the adjacent portion 
of the articular surface is convex from side to side on the front and lower 
part of the bone ; on the posterior surface the convexity disappears. The 
lateral margin of the trochlea is rounded in front and below, where it is separated 
from the capitulum by the groove which receives the margin of the head of the 
radius ; posteriorly the margin is sharp and prominent. Above the trochlea, 
in front, is a depression, the cor onoid fossa, which receives the coronoid process 
of the ulna when the forearm is flexed, and above the trochlea, behind, is a 
deep triangular depression, the olecranon fossa , in which the summit of the 
olecranon is received when the forearm is extended. These fossae are separated 
from one another by a thin lamina of bone, which is sometimes perforated 
by the supratrochlear foramen ; they are lined in the recent state by the 
synovial stratum, and their margins afford attachment to the fibrous stratum, 
of the articular capsule of the elbow-joint. The lateral epicondyle is small and 
tuberculated, and curved a little forwards ; it gives attachment to the radial 
collateral ligament of the elbow-joint and to a tendon common to the origin of 
the Supinator and some of the extensor muscles of the forearm. The medial 
epicondyle , larger and more prominent than the lateral, is directed a little 
backwards ; it gives attachment to the ulnar collateral ligament of the elbow- 
joint, to the Pronator teres, and to a common tendon of origin of some of the 
flexor muscles of the forearm ; the ulnar nerve and posterior ulnar recurrent 
artery run in a groove (sulcus nervi ulnaris) on the back of this epicondyle. 
The supracondylar ridges end at the epicondyles. 
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Fts. 380. — A longitudinal section 

through the head of the left humerus. 

Epiphysial line 


Structure. — The ends of the humerus consist of spongy substance, covered with 
a thin layer of compact bone (fig, 380); the body is composed of a cylinder of 

compact bone, thicker at the centre than 
towards the extremities, and a large 
medullary canal extends throughout its. 
length. 

Ossification (figs. 381, 382).— -The hum- 
erus is ossified from eight centres, one for 
each of the following parts : the body, the 
head, the greater tubercle, the lesser tubercle,, 
the capitulum and lateral part of the troch- 
lea, the medial part of the trochlea, and one 
for either epicondyle. The centre for the 
body appears near the middle in the eighth 
week of foetal life, and gradually extends 
towards the ends, which at birth are carti- 
laginous. During the first year, occasionally 
before birth, ossification begins in the head, 
during the third year in the greater 
tubercle, and during the fifth in the lesser 
tubercle. By the sixth year the centres 
for the head and tubercles have joined to 
form a single large epiphysis, which fuses 
with the body of the humerus about the 
twentieth year. The lower end is ossified as 
follows. At the end of the second year 
ossification begins in the capitulum and 
extends medialwards to form the chief part 
of the articular surface ; the centre for the medial part of the trochlea appears 
about the twelfth year. Ossification begins in the medial epicondyle about the 
fifth year, and in the lateral about the thirteenth or fourteenth year. The centre 
for the lateral epicondyle fuses with those for the trochlea and capitulum, and the 
epiphysis thus formed unites with the body about the sixteenth or seventeenth 
year ; the medial epicondyle unites with the body about the eighteenth year. 



Applied Anatomy , — The upper end of the humerus, though the first to ossify, is the 
last to join the body, and the length of the bone is mainly due to growth from the upper 
epiphysial plate. Hence, in cases of amputation through the arm in young subjects, the 
humerus continues to grow considerably, and the lower end of the bone, which immedi- 
ately after the operation was covered with a thick cushion of soft tissue, begins to project,, 
thinning the soft parts and rendering the stump conical. This may necessitate the 
removal of about 5 cm. of the bone, and even after this operation a recurrence of the 
conical stump may take place. The region of the upper epiphysis is a common site for 
the growth of tumours, both innocent and malignant. 

The upper one-third of the humerus is best exposed through an incision along the 
anterior border of the Deltoideus ; the middle one-third by continuing this incision down- 
wards through the middle of the Brachialis between the parts of the muscle supplied by 
the musculocutaneous and radial nerves ; the lower one-third by an incision along the 
lateral epicondylar ridge. 

Fractures of the humerus are common. This bone is probably more frequently frac- 
tured by muscular action than any other long bone ; it is usually the body of the bone, 
just below the insertion of the Deltoideus, which is thus broken, and the accident has 
been known to happen from throwing a stone or a hand-grenade. Fracture of the 
anatomical neck is a very rare accident. Fracture of the surgical neck of the bone is not 
uncommon ; impaction may occur, or the upper end of the lower fragment may be dis- 
placed into the axilla and damage the vessels or nerves. The fracture simulates dislocation 
of the shoulder- joint, but can be distinguished by the fact that the head of the bone remains 
in its normal position and the greater tubercle still forms the most prominent point of the 
shoulder. Separation of the upper epiphysis sometimes occurs in the young subject, and 
is marked by a characteristic deformity, the upper end of the diaphysis projecting abruptly 
at the front of the joint a short distance below the coracoid process. In fractures of the 
upper end of the humerus, extension with the arm in the abducted position is necessary, 
so that should ankylosis take place the mobility of the scapula may he brought into full 
use. In fractures of the body of the humerus the lesion may take place at any point, 
but appears to be more common in the lower than the upper part of the bone. The points 
of interest fin connexion with these fractures are : (1) that the radial nerve may be injured 
as it lies in the groove on the bone, or may become involved in the callus which is 
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subsequently thrown out ; and (2) the frequency of non-union, which is believed to be more 
common in the humerus than in any other bone. The non-union is in some measure due 
to the difficulty in fixing the bone, since the upper end articulates with the movable 
scapula, and the body lies by the chest-wall which moves with each respiration. Again, 
muscle is attached to the entire circumference of the bone and is liable to get between the 
fragments, should there be any overlapping of the latter. The axillary (circumflex) nerve 


Tig. 381. — Apian of the ossification of 
the humerus. 



Fig. 382. — The epiphysial lines of the left 
humerus in a young adult. Anterior 
aspect. 




The lines of attachment of the articular 
capsules are in blue. 


may be injured by fractures of the upper end of the bone and the ulnar nerve by fracture 
of the medial epicondyle. In fractures of the lower end it is important to distinguish 
between those that involve the elbow-joint and those that do not ; the former are always 
serious, as they may lead to impairment of the utility of the limb ; they include the 
T-shaped fracture and oblique fractures which involve the articular surface. Those which 
do not involve the joint are the transverse fracture above the epicondyles, and the so-called 
epitrochlear fracture, where the tip of the medial epicondyle is broken off, generally by 
direct violence. 


The Radius 

The radius (figs. 383 and 384) is situated on the lateral side of the forearm. 
It is a long bone, prismoid in form and slightly curved longitudinally. Its 
upper end is small, and forms only a small part of the elbow-joint ; its lower 
end is large, and forms a large part of the wrist-joint. 

The upper end of the radius consists of a head, neck, and tuberosity. The 
head is disc-shaped, and on its proximal surface is a shallow cup for articulation 
with the capitulum of the humerus. The circumference of the head is smooth ; 
it is broad medially where it articulates with the radial notch of the ulna, and 
narrow in the rest of its extent which is embraced by the annular ligament. 
The head is supported on a round, smooth, and constricted neck. Below the 
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Ere. 383. The bones of the left forearm. Volar aspect. 
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Pig. 384. — The bones of the left forearm. Dorsal aspect. 
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medial part of the. neck is an eminence, the radial tuberosity , the surface of 
which is divided into a dorsal rough portion for the insertion of the tendon 
of the Biceps brachii, and a volar smooth portion on which a bursa is interposed 
between the tendon and the bone. - r 

The body or shaft of the radius is prismoid in form, narrower above than 
below, and slightly curved, so as to be convex laterally. It has three borders 
and three surfaces. 

The volar or anterior border separates the volar from the lateral surface, 
and extends from the lower part of the tuberosity above, to the anterior part 
of the base of the styloid process below. Its upper part is prominent, and 
from its oblique direction has been named the oblique line ; it gives origin to 
the Flexor digitorum sublimis and Flexor pollicis longus ; the surface above 
the line gives insertion to part of the Supinator. The middle part of the volar 
border is indistinct. The lower part is prominent, and gives insertion to the 
Pronator quadratus, and attachment to the dorsal carpal ligament ; it ends 
in a small tubercle, into which the tendon of the Brachioradialis is inserted. 

The dorsal or posterior border separates the dorsal from the lateral surface ; 
it is well-marked only in the middle one-third of the bone. 

The interosseous crest or medial border separates the volar from the dorsal 
surface, and gives attachment to the antibrachial interosseous membrane 
(fig. 388) ; it begins above, at the posterior part of the tuberosity, and its upper 
part is indistinct. It becomes sharp and prominent as it descends, and 
divides below into two ridges which are continued to the volar and dorsal margins 
of the ulnar notch ; to the dorsal ridge the lower part of the antibrachial 
interosseous membrane is attached, and on the triangular surface between 
the ridges a part of the Pronator quadratus is inserted. 

The volar or anterior surface is concave in its upper three-fourths, and gives 
origin to the Flexor pollicis longus ; its lower one-fourth is broad and flat, and 
affords insertion to the Pronator quadratus. A prominent ridge limits the 
insertion of the Pronator quadratus below, and between this ridge and the carpal 
articular surface is a triangular rough surface for the attachment of the volar 
radiocarpal ligament. At the junction of the upper with the middle one-third 
of the volar surface is the nutrient canal, directed obliquely upwards. 

The dorsal surface is convex and smooth in the upper one-third of its extent, 
and covered by the Supinator. Its middle one-third, broad and slightly 
concave, gives origin to the Abductor pollicis longus above, and the Extensor 
pollicis brevis below. Its lower one-third, broad and convex, is covered by the 
tendons of the muscles which subsequently run in the grooves on the lower end 
of the bone. 

The lateral surface is convex ; its upper part gives insertion to the Supinator ; 
near its centre is a rough ridge, for the insertion of the Pronator teres ; in 
contact with its lower part are the tendon of the Brachioradialis and the 
tendons of the Extensores carpi radialis longus et brevis. 

The lower end of the radius is large and is provided with two articular 
surfaces — one below, for the carpus, and another at the medial side, for the 
ulna. The carpal articular surface (fig. 389) is triangular, concave, smooth, and 
divided by a slightly-marked anteroposterior ridge into two parts. The lateral, 
triangular part, articulates with the navicular bone ; the medial, quadrilateral 
part, with the lunate bone. The ulnar articular surface is called the ulnar notch 
(sigmoid cavity) ; it is narrow and concave, and articulates with the head of 
the ulna. These two articular surfaces are separated by a prominent ridge, to 
which the base of the triangular articular disc is attached ; this disc separates 
the radiocarpal joint from the distal radio-ulnar joint. The lower end of the 
bone has three non-articular surfaces — volar, dorsal, and lateral. The volar 
surface , rough and irregular, affords attachment to the volar radiocarpal 
ligament. The dorsal surface is convex ; it affords attachment to the dorsal 
radiocarpal ligament, and is marked by three grooves. Enumerated from 
the lateral side, the first groove is broad, but shallow, and subdivided by a 
faint vertical ridge ; the lateral part transmits the tendon of the Extensor 
carpi radialis longus, the medial, the tendon of the Extensor carpi radialis brevis. 
The second groove, deep and narrow, is bounded laterally by a sharp ridge; 
it runs obliquely downwards and lateralwards, and transmits the tendon of 
the Extensor pollicis longus. The third groove is broad, for the passage of the 
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tendons of the Extensor indicis proprius and Extensor digitorum communis. 
The lateral part of the lower end of the radius is prolonged downwards as a 
strong, conical projection, the styloid process , the base of which gives attach- 
ment to the tendon of the Brachioradialis, the apex to the radial collateral 
ligament of the wrist-joint. On the lateral surface of the styloid process there 
is a shallow groove, directed downwards and forwards, and separated from the 
volar surface by a sharp border ; the tendon of the Abductor pollicis longus 
lies in the anterior part, and the tendon of the Extensor pollicis longus in the 
posterior part, of this groove. 


Fig. 385. — A plan of the ossification of 
the radius. From three centres. 
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Fig. 386. — The epiphysial lines 
of the left radius in a young 
adult. Yolar aspect. 




The line of attachment of the articular 
capsule of the wrist-joint is in blue. 


Structure. — The structure of the radius is like that of the other long bones. 

Ossification (figs. 385, 386).- — The radius is ossified from three centres : one for 
the body, and one for either end. That for the body appears near the middle, 
in the eighth week of foetal life. About the close of the second year, ossification 
begins in the lower end ; and at the fifth year, in the upper end. The upper epi- 
physis fuses with the body at the age of seventeen or eighteen years, the lower 
about the age of twenty. An additional centre sometimes appears in the radial 
tuberosity about the fourteenth or fifteenth year. 


The Ulha 

The ulna (figs. 383 and 384) is placed at the medial side of the forearm, 
parallel with the radius. The upper end is thick and strong, and forms a 
large part of the elbow-joint ; the body or shaft diminishes in size from above 
downwards; the lower end is small, and is excluded from the wrist-joint by 
the interposition of a triangular articular disc. 
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On the upper end of the ulna (fig. 387) are two curved processes, the 
olecranon and the coronoid process ; and two concave articular cavities, 
the. semilunar and radial notches. 

The olecranon is a thick, curved eminence, on the upper and dorsal part 
of the ulna. It is bent forwards at the summit so as to present a prominent 

beak which is received into the olecranon 
fossa of the humerus when the forearm is 
extended. Its base is contracted where it 
joins the body, and is the narrowest 
part of the upper end of the ulna. Its 
dorsal surface , directed backwards, is 
triangular, smooth, subcutaneous, and 
is covered by a bursa. Its superior 
surface, of quadrilateral form, is marked 
behind by a rough impression for the 
insertion of the Triceps brachii, and in 
front, close to the margin, by a slight 
groove for the attachment of part of the 
articular capsule of the elbow- joint ; 
between the groove for the articular 
capsule and the impression for the 
Triceps brachii is a smooth area which 
is separated from the tendon of the 
Triceps brachii by a bursa. Its volar 
surface forms the upper part of the semi- 
lunar notch. On its borders are grooves 
continuous with that on the anterior 
part of the superior surface ; that on 
the medial border gives attachment to 
the posterior part of the ulnar collateral 
ligament ; that on the lateral border to 
part of the articular capsule of the elbow- 
joint. From the medial border a part of 
the F.’exor carpi ulnaris arises; to the 
lateral border the Anconseus is attached. 

The coronoid process is a pyramidal 
eminence projecting forwards from the 
front of the upper end of the ulna. Its 
base is continuous with the body of the 
bone, and is of considerable strength. Its 
apex , pointed and curved slightly upwards, 
is received into the coronoid fossa of the 
humerus when the forearm is flexed. Its 
upper surface forms the lower part of the 
semilunar notch. Its antero-inferior surface 
is concave, and marked by a rough im- 
pression for the insertion of the Brachialis ; 
this impression extends on to the upper 
part of the body of the ulna. At the junction of this surface with the front of 
the body is a rough eminence, the ulnar tuberosity , which gives insertion to a 
part of the Brachialis ; to the lateral border of this tuberosity the oblique cord 
is attached. On the lateral surface of the coronoid process is a narrow, oblong, 
articular depression, the radial notch . The medial surface of the process ends 
superiorly in a prominent, free margin which gives attachment to part of 
the ulnar collateral ligament. At the front part of this surface is a round 
eminence for the origin of a small part of the Flexor digitorum sublimis ; behind 
the eminence is a depression for part of the origin of the Flexor digitorum 
profundus ; descending from the eminence is a ridge which gives origin to 
the ulnar head of the Pronator teres. Frequently a fasciculus of the Flexor 
pollieis longus arises by a tendinous slip from the lower part of the coronoid 
process. 

The semilumir notch (greater sigmoid cavity) (fig. 387), for articulation with 
the trochlea of the humerus, is a large depression, formed by the olecranon and 


Fig. 387. — The upper part of the left 
ulna. Lateral aspect. 
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the coronoid process. It is concave from above downwards and its deepest 
part is constricted and sometimes crossed by a groove ; it is divided into a 
medial and a lateral portion by a smooth ridge running from the beak of 
the olecranon to the apex of the coronoid process. The medial portion is 
the larger, and is slightly concave transversely ; the lateral is convex above, 
slightly concave below. 

The radial notch (lesser sigmoid cavity) (fig. 3S7) is an oblong, articular 
depression on the lateral side of the coronoid process, for the reception of the 
circumferential articular surface of the head of the radius. It is concave from 
before backwards, and its volar and dorsal margins serve for the attachment of 
the annular ligament. 

The body or shaft of the ulna, at its upper part, is prismoid in form, and 
curved, with its convexity directed dorsalwards and laterahvards ; its central part 
is prismoid and straight ; its lower part is rounded and bent a little lateral wards 
The body tapers gradually from above downwards, and has three borders and 
three surfaces. 

The volar or anterior border separates, the volar from the medial surface ; 
it begins above at the prominent medial angle of the coronoid process, and 
ends below in front of the styloid process. Its upper part, well defined, and 
its middle portion, smooth and rounded, give origin to the Flexor digitorum 
profundus ; its lower part forms 

a pr° m in e nt ridge for the origin Fl6 . 388 ._A transverse section through the left 
of the Pronator quadrat us. radius and ulna, showing the attachment of the 

The dorsal border is sub- antibrachial interosseous membrane. Superior 
cutaneous, and separates the aspect. 

medial from the dorsal surface; Volar lordpr Foter lorder 

it begins above at the apex of 
the triangular area on the 
dorsum of the olecranon, runs 
at first downwards and lateral- RAI)njs 
wards, and ends below at 
the back of the styloid pro- 
cess. Its upper three-fourths Dorsal border Dorsal border 

are well marked and give 

attachment to an aponeurosis w r hich affords a common origin to the Flexor 
carpi ulnaris, the Extensor carpi ulnaris, and the Flexor digitorum profundus ; 
its lower one -fourth is smooth and rounded. 

The interosseous crest or lateral border separates the volar from the dorsal 
surface and gives attachment to the antibrachial interosseous membrane 
(fig. 388) ; it begins above by the union of two lines, which converge from the 
ends of the radial notch and form the sides of a triangular area for the origin 
of part of the Supinator. The crest ends below at the head of the ulna ; its 
upper part is sharp and prominent, its low r er, smooth and rounded. 

The volar surface is broader above than below-; its upper three-fourths are 
concave and give origin to the Flexor digitorum profundus ; its lower one-fourth 
is covered by the Pronator quadratus and is separated from the rest of the 
surface by a ridge which is directed obliquely downwards and medialwards, 
and marks the extent of origin of the Pronator quadratus. At the junction of 
the upper with the middle one-third of the volar surface is the nutrient canal, 
directed obliquely upwards. 

The dorsal surface , directed dorsalwards and lateral wards, is broad above ; 
convex and somewhat narrower in the middle ; narrow and rounded below. 
On its upper part is an oblique ridge which runs downwards from the dorsal 
end of the radial notch to the dorsal border ; the upper part of the ridge affords 
' attachment to the Supinator, and the triangular surface above the ridge gives 
insertion to the Anconseus. Below this ridge the dorsal surface is subdivided 
by a perpendicular line, into a medial and a lateral portion : the medial part is 
smooth, and covered by the Extensor carpi ulnaris; the lateral part gives 
origin from above downwards to the Abductor pollicis longus, the Extensor 
poliicis longus, and the Extensor indicis proprius. 

The medial surface is broad and concave above, narrow and convex below. 
Its upper three-fourths give origin to the Flexor digitorum profundus ; i;ts 
lower one-fourth is subcutaneous. 
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The lower end of the ulna is small, and has two eminences ; the lateral 
and larger is termed the head of the ulna ; the medial, narrower and more 
projecting, the styloid process. On the head is an articular surface ; the distal 
part of this surface, of a semilunar form (fig. 389), is directed downwards, 
and comes into contact with the upper surface of the triangular articular disc 
which separates the ulna from the radiocarpal joint ; the remaining portion, 
directed lateralwards, is narrow and convex, and is received into the 
ulnar notch of the radius. The styloid process projects from the medial and 
dorsal part of the bone ; it descends a little lower than the head, and its 
rounded apex affords attachment to the ulnar collateral ligament of 

Fig-. 389.-r-The lower ends of the left radius and ulna. Inferior aspect. 



the wrist-joint. The head is separated from the styloid process, below by a 
depression for the attachment of the apex of the triangular articular disc, and 
behind by a groove for the tendon of the Extensor carpi ulnaris. 

Structure. — The structure of the ulna is similar to that of the other long 
bones. 

Ossification (figs. 390, 391).— The ulna is ossified from three centres : one each . 
for the body, the lower end, and the top of the olecranon. Ossification begins 
near the middle of the body, about the eighth week of foetal life, and soon extends 
through its greater part. About the fourth year, the centre for the lower end 
appears in the middle of the head, and extends into the styloid process. About 
the tenth year, a centre appears in the olecranon and forms a thin scale for the 
top of this process, the chief part of the process being formed by an upward extension 
of the body ; sometimes the upper part of the olecranon is ossified from two centres. 
The upper epiphysis joins the body about the sixteenth, the lower about the twentieth 
year. 

Applied Anatomy . — When indirect force is applied to the forearm the radius as a rule 
gives way, though both bones may suffer. Fractures from indirect force generally take 
place somewhere about the middle of the bones, while those from direct violence may 
occur at any part, but are most frequent in the lower half of the bones. The fractures are 
usually transverse, but may be more or less oblique. A point of interest in connexion 
with these fractures is the tendency for the two bones to unite across the interosseous 
membrane; the limb should therefore be put up in a position midway between supination 
and pronation, which is not only the most comfortable position, but also separates the 
bones most widely from each other. Anterior and posterior splints are applied in these 
cases, and should be rather wider than the limb, so as to prevent any side pressure on 
the bones. 

The special fractures of the ulna are : (1) Fracture of the olecranon, which is usually 
caused by direct violence, by falls on the elbow with the forearm flexed, but occasionally 
by muscular action in sudden contraction of the Triceps brachii ; _ the most common site 
of this fracture is at the constricted portion where the olecranon joins the body of the 
bone, and the fracture is usually transverse; but any part may be broken, and even a thin 
shell may be torn ofi. Fractures from direct violence are occasionally comminuted. If 
the fibrous structures around the process ate not tom, the displacement is slight, other- 
wise the olecranon may be drawn up for a very considerable distance. (2) Fracture of the 
coronoid process rnay occur as a complication of dislocation backwards of the bones of the 
forearm, but it is doubtful if it ever takes place as an uncomplicated injury. (3) Frac- 
tures of the body of the ulna may occur at any part, but usually take place at or a little 
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below the middle of the bone. They are generally the result of direct violence, but may 
occur as a complication of dislocation of the radius. (4) The styloid process may be 
knocked off by direct violence. 

The ulna may be exposed in its whole length by an incision along its dorsal border. 


Fig. 390. — A plan of the ossification of 
the ulna. From three centres. 
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Fig. 391. — The epiphysial lines of the left 
ulna in a young adult. Lateral aspect. 




The lines of attachment of the articular 
capsules are in blue. 


Fractures of the radius may consist of : (1) Fracture of the head of the bone ; this for 
the most part takes place in conjunction with some other lesion, but may occur as an 
uncomplicated injury. (2) Fracture of the neck also may occur, but is usually compli- 
cated with other injury. (3) Fractures of the body of the radius are very common, and 
may take place at any part of the bone. In fracture of the upper one-third of the body — 
that is to say, above the insertion of the Pronator teres — the displacement is very great. 
The upper fragment is strongly supinated by the Biceps and Supinator, and flexed by the 
Biceps ; while the lower fragment is pronated and drawn towards the ulna by the two 
Pronators. If such a fracture be put up in the ordinary position, midway between 
supination and pronation, the bone will unite with the upper fragment in a position of 
supination, and the lower one in the mid-position, and thus considerable impairment 
of the movement of supination will result; the limb should therefore be put up with the 
forearm supinated. (4) The most important fracture of the radius is that of the lower 
end (Colies’s fracture). The fracture is transverse, and generally takes place about 
2*5 cm. from the lower end. It is caused by falls on the palm of the hand, and is 
an injury of advanced life, occurring more frequently in the female than in the male. In 
consequence of the manner in which the fracture is caused, the upper fragment is driven 
into the lower, and impaction commonly is the result; excess of violence may, however, 
disimpact, the lower fragment being split into two or more pieces, so that no fixation 
occurs. Separation of the lower epiphysis of the radius may take place in the young. 
This injury and Colies ’s fracture may be distinguished from other injuries in this neigh- 
bourhood — especially dislocation of the wrist, with which they are liable to be confounded 
— by observing the relative positions of the styloid processes of the ulna and radius. In 
the natural conditions of parts, with the arm hanging by the side, the styloid process of 
the radius is on a lower level than that of the ulna. After fracture or separation of the 
epiphysis the styloid process of the radius is on the same level as, or on a higher level 
than, that of the ulna, whereas it would be. unaltered in position in dislocation. Keduc- 
tion in the case of Colies ’s fracture is usually easily effected by traction on the hand, the 
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Fig. 392. — The bones of the left hand. Yolar aspect. 
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Fig. 393.— The bones of the left hand. Dorsal aspect. 
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limb being subsequently splinted with the hand deflected towards the ulnar side. Com- 
plete reduction is most important in this fracture, since any imperfection leads to impair- 
ment of mobility and function. 

The upper one-third of the radius is exposed through an incision along the medial 
margin of the Brachioradialis, and then along the oblique line of the Radius. The Supinator, 
containing the deep branch (posterior interosseous branch) of the radial nerve is separated 
lateralwards, and the Flexores digitorum sublimis et profundus medialwards, from the 
bone. 


THE SKELETON OF THE HAND 

The skeleton of the hand (figs. 392, 393) consists of three segments : (1) the 
carpal or wrist bones ; (2) the metacarpal bones or bones of the palm ; and (3) 
the phalanges or bones of the digits. 


The Cabpal Bones (Ossa Carpi) 

The carpal bones, eight in number, are arranged in two rows. Those 
of the proximal row, from the radial to the ulnar side, are named the navicular, 
lunate, triquetral, and pisiform bones ; those of the distal row, in the same 
order, are the greater multangular, lesser multangular, capitate, and hamate 
bones. 


The Common Characteristics or the Carpal Bones 

Each bone (excepting the pisiform) presents six surfaces. Of these the 
volar or anterior and the dorsal or posterior surfaces are rough, for ligamentous 
attachment ; the dorsal surfaces are the broader, except in the navicular and 
lunate bones. The proximal or superior, and distal or inferior surfaces are 
articular, the proximal generally convex, the distal concave ; the medial and 
lateral surfaces are also articular where they are in contact with contiguous 
bones, elsewhere they are rough and tuberculated. 


The Navicular Bone (Os Naviculare Manus) 

The navicular bone (fig. 394), the largest of the proximal row, has received 
its name from its fancied resemblance to a boat. It is situated at the radial 
side of the carpus, its long axis being from above downwards, lateralwards, 
and forwards. The proximal surface , convex, smooth, and of triangular shape, 


Fig. 394. — The left navicular bone. 
For radius For lunate bone 


For capitate bone 

multangular bone 

articulates with the lower end of the radius. The distal surface , directed 
downwards and backwards, is also smooth, convex, and triangular ; it is 
divided by an indistinct ridge into a lateral part which articulates with the 
greater multangular hone, and a medial with the lesser multangular bone. 
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On the dorsal surface is a narrow, rough groove which serves for the attachment 
of ligaments. The volar surface is concave above, but elevated at its lower 
and lateral part into a rounded tubercle , which is directed forwards and gives 
attachment to the transverse carpal ligament and sometimes to a few fibres 
of the Abductor pollicis brevis. The lateral surface , rough and narrow, gives 
attachment to the radial collateral ligament of the wrist. On the medial 
surface are two articular facets ; of these, the proximal is flat and crescentic 
in shape, and articulates with the lunate bone ; the distal is concave, and 
forms with the lunate bone a concavity for the head of the capitate bone. 


The Lunate Bone (Os Lunatum) 

The lunate or semilunar bone (fig. 395), distinguished by its deep con- 
cavity and crescentic outline, is situated in the centre of the proximal row' 
of the carpus, between the navicular and triquetral bones. The proximal 
surface , convex and smooth, articulates with the radius. The distal surface is 


Fig. 395. — The left lunate bone. 

For triquetral bone For radius 



For hamate bone For capitate bone 


deeply concave from before backwards ; it articulates with the head of the 
capitate bone by a large lateral facet, and with the hamate bone by a narrow, 
medial one. The dorsal and volar surfaces are rough, for the attachment of 
ligaments, the dorsal being the smaller. On the lateral surface is a semilunar 
facet for articulation with the navicular bone, and on the medial surface a 
quadrilateral facet for the triquetral bone. 


The Triquetral Bone (Os Triquetrum) 

The triquetral or cuneiform bone (fig. 398) may he distinguished by its 
pyramidal shape, and by an oval, isolated facet for articulation with the pisiform 


.Fig. 396.— The left triquetral bone. Fig. 397.— The left pisiform bone. 

For pisiform bone For lunate bone, For triquetral bone 



For hamate bone 


bone. It is situated at the ulnar side of the proximal row of the carpal bones 
with its long axis from above downwards and medialwards. The proximal 
surface, presents a medial rough non-articular portion, and a lateral convex 
smooth portion which articulates with the triangular articular disc of the wrist. 
The distal surface, directed lateralwards, is concave, sinuously curved, and 
smooth for articulation with the hamate hone. The dorsal surface is rough 
for the attachment of ligaments. The volar surface displays, on its medial part, 
an oval facet for articulation with the pisiform bone ; its lateral part is rough 
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for ligamentous attachment. The lateral surface, or base of the pyramid, is 
marked by a flat, quadrilateral facet for articulation with the lunate bone. 
The medial surface, or summit of the pyramid, is pointed and gives attachment 
to the ulnar collateral ligament of the wrist. 


The Pisiform Bone (Os Pisiforme) 

The pisiform bone (fig. 397) is situated in front of the triquetral bone, and 
may be known by its small size, and by its presenting a single, oval facet for 
articulation wdth that bone. This facet is on the dorsal surface of the bone, 
and its long axis is directed distalwards and lateralwards. The volar surface 
is round and rough, and gives attachment to the Flexor carpi ulnaris. The 
medial surface gives attachment to the Abductor digiti quinti and the dorsal 
carpal ligament ; the pisometacarpal ligament is attached to the distal part 
of this surface. On the volar and lateral surfaces is an oblique line or ridge, 
the distal part of which gives attachment to the volar carpal ligament. The 
distal part of the bone projects beyond the articular surface and presents 
a tubercle for the attachment of the pisohamate ligament.* 


The Greater Multangular Bone (Os Multangulum Majus) 

The greater multangular bone or trapezium (fig. 398) may be dis- 
tinguished by a deep groove on its volar surface. It is situated at the radial 
side of the carpus, between the navicular and first metacarpal bones. The 
proximal surface is directed upwards and medialwards ; medially it is smooth, 


For lesser 
multangular bone 


For 2nd meta- 
carpal bone 


Fig. 398. — The left greater multangular bone. 

Groove For navicular bone 



Ridge 



For 1st metacarpal bone 


For lesser mult- 
angular bone 
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carpal bone 


and articulates with the navicular bone ; laterally it is rough and continuous 
with the lateral surface. The distal surface is oval, concave from side to side, 
convex from before backwards, so as to form a saddle-shaped surface for 
articulation with the base of the first metacarpal bone The dorsal surface 
is rough. The volar surface is narrow and rough. At its upper part is a deep 
groove, r unn ing from above downwards ; it transmits the tendon of the Flexor 
carpi radialis, and is bounded laterally by a ridge which affords attachment 
to the transverse carpal ligament, and gives origin to the Opponens pollicis. 
Abductor pollicis brevis, and Flexor pollicis brevis. The lateral surface is 
broad and rough for the attachment of ligaments. On the medial surface 
are two facets ; a proximal, large and concave, articulates with the lesser 
multangular bone ; a distal, small and oval, with the base of the second 
metacarpal bone. 


The Lessee Multangular Bone (Os Multangulum Minus) 

The lesser multangular or trapezoid bone (fig. 399) is the smallest bone 
in the distal row. It may be known by its wedge-shaped form, the thick end 
of the wedge constituting the dorsal surface ; and by its having four articular 

* H. Robbins, Journal of Anatomy and Physiology, voi. li. 
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facets .separated by sharp edges. The proximal surface , small, quadrilateral, 
and slightly concave, articulates with the navicular bone. The large distal 
surface articulates with the proximal end of the second metacarpal bone ; 
it is convex from side to side, concave from before backwards. The dorsal 


Pig. 399. — The left lesser multangular bone. 
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and volar surfaces are rough for the attachment of ligaments, the former being 
the larger. The lateral surface is convex, and articulates with the greater 
multangular bone. The medial surface is concave and smooth in front, for 
articulation with the capitate bone ; rough behind, for the attachment of an 
interosseous ligament. 


The Capitate Bone (Os Capitattjm) 

The capitate bone or os magnum (fig. 400) is the largest of the carpal bones, 
and occupies the centre of the wrist. It presents a rounded proximal portion, 
the head, which is received into the concavity formed by the navicular and 
lunate bones ; a constricted portion, the neck ; and a distal part, the body. 


Pig. 400. — The left capitate bone. 

For lunate bone 


For navicular bone 


For lesser mult- 
angular bone 



For 2nd meta- 
carpal bone 


For 3rd meta- 
carpal bone 



For Jf.th meta- Volar surface 

carpal bone 


The proximal surface is round, smooth, and articulates with the lunate bone. 
The distal surface is divided by two ridges into three facets, for articulation with 
the second, third, and fourth metacarpal bones, that for the third being the 
largest. The dorsal surface is broad and rough. The volar surface is narrow, 
projecting and rough ; it gives attachment to ligaments and to the oblique 
part of the Adductor pollieis. The lateral surface articulates, by a small facet 
at its volar distal angle, with the lesser multangular bone ; dorsal to this facet is 
a rough depression for the attachment of an interosseous ligament. ^ Proximal 
to this is a deep, rough groove, forming part of the neck, and serving for the 
attachment of ligaments ; it is bounded proximally by a smooth, convex 
surface, for articulation with the navicular hone. The medial surface articulates 
with the hamate bone by a smooth, oblong facet which occupies the dorsal 
and proximal parts of this surface ; its volar part is rough for the attachment 
of an interosseous ligament. 
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The Hamate Bone (Os Hamatum) 

The hamate or unciform bone (fig. 401) may be readily distinguished 
by its wedge-shaped form, and the hook-like process which projects from its 
volar surface. It is situated at the medial and distal part of the wrist, 
with its base directed distally, and its apex proximally and laterally. The 
proximal surface or apex of the rredge is convex, smooth, and articulates 
with the lunate bone. The distal surface articulates with the fourth and 
fifth metacarpal bones, by concave facets which are separated by a slight 


Tig. 401. — The left hamate bone. 
For lunate bone 



ridge. The dorsal surface is triangular, and rough for ligaments. From the 
distal and medial part of the volar surface a curved, hook-like process, the 
hamulus , is directed forwards and lateralwards. This process gives attachment, 
by its apex, to the transverse carpal ligament and the Flexor carpi ulnaris ; 
by its medial surface to the Flexor brevis and Opponens digiti quinti ; its 
lateral side is grooved for the passage of the flexor tendons into the palm of 
the hand. The medial surface articulates with the triquetral bone by an 
oblong, obliquely-cut facet. The proximal and dorsal parts of the lateral surface 
articulate with the capitate bone ; the rest of the surface is rough for the 
attachment of ligaments. 


The Metacarpal Bones (Ossa Metacarpi) 

The metacarpal bones (figs. 392, 393), five in number, are enumerated 
from the lateral side* 


The Common Characteristics op the Metacarpal Bones 

Each metacarpal bone has a body, a base or proximal end, and a head or 
distal end. 

The body of each bone is prismoid in form, and curved, so as to be convex 
longitudinally behind, concave in front. It has three surfaces : medial, lateral, 
and dorsal. The medial and lateral surfaces are concave, for the attachment 
of the Interossei, and separated from one another by a prominent volar ridge. 
The dorsal surface presents in its distal two-thirds a smooth, triangular, flattened 
area which is covered, in the recent state, by the tendons of the extensor muscles. 
This surface is bounded by two lines, which commence in small tubercles 
situated at the sides of the head, and converge and meet some distance above 
the centre of the bone to form a ridge which is continued to the base. This 
ridge separates two sloping surfaces for the attachment of the Interossei 
dorsales. To the tubercles at the head are attached the collateral ligaments 
of the metacarpophalangeal joints. 

. The base is of a cuboidal form, and broader behind than in front : it articulates 
with one or more of the carpal bones, and with the contiguous metacarpal 
bones ; its dorsal and volar surfaces are rough, for the attachment of ligaments. 

The head presents an oblong surface markedly convex from before back- 
wards, less so transversely; it articulates with the proximal phalanx. It 
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and some meningeal branches from the occipital and ascending pharyngeal 
arteries ; and the intermediate portion, the glossopharyngeal, vagus, and 
accessory nerves. Above the jugular foramen is the opening of the internal 
acoustic meatus, for the facial and acoustic nerves and the internal auditory 
artery ; posterior and lateral to this opening is the slit leading to the aquseductus 
vestibuli which lodges the ductus endolymphaticus. Near the superior angle 
(margin) of the petrous portion, is a small depression, the remains of the 
fossa subarcuata, which lodges a process of the dura mater and transmits one 


Fig. 363. — A sagittal section through the skull. 



or more small veins. Behind the foramen magnum is the internal occipital 
crest which serves for the attachment of the falx cerebelli ; in the attached 
margin of this falx is the occipital sinus, which is sometimes duplicated. Lateral 
to the crest are the inferior occipital fossse, which support the hemispheres of 
the cerebellum and are limited behind by the transverse sulci. Each transverse 
sinus grooves successively the occipital hone, the mastoid angle of the parietal 
bone, the mastoid portion of the temporal bone, and the jugular process of the 
occipital bone, and ends at the posterior part of the jugular foramen. Where 
the sinus grooves the mastoid portion of the temporal bone, the orifice of the 
mastoid foramen may be seen ; and, just behind the jugular foramen, the condy- 
loid canal may open into it ; neither opening is constant. 


The Nasal Cavities 

The nasal cavities are two irregular spaces, situated one on either side 
of the middle line of the face, extending from the base of the cranium to the 
roof of ihe mouth, and separated from each other by a thin vertical septum. 
They open on the face through the pear-shaped anterior nasal aperture, and 
their posterior openings, or choanse, communicate, in the recent state, with 
the nasal part of the pharynx. They are narrower above than below, and in 
the middle than at their anterior or posterior openings : their depth is greatest 
in the middle. They communicate with the frontal, ethmoidal, sphenoidal, 
and maxillary air-sinuses. 
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on the proximal surface the intermediate is the largest and is concave from side 
to side, convex from before backwards, for articulation with the lesser mult- 
angular bone ; the lateral is small, flat and oval for articulation with the greater 
multangular bone ; the medial, on the summit of the ridge, is long and narrow 
for articulation with the capitate bone. The facet on the medial side articulates 
with the third metacarpal bone. The Extensor carpi radialis longus is inserted 
on the lateral part of the dorsal surface, and the Flexor carpi radialis on the 
volar surface, of the base. 

The third metacarpal bone (fig. 404) is a little smaller than the second. 
On the lateral side of the dorsal part of its base is a pyramidal eminence, the 
styloid 'process ; immediately distal to this is a rough surface for the attachment 
of the Extensor carpi radialis brevis. The proximal articular facet is concave 
dorsally, and articulates with the capitate bone. On the lateral side is a 
smooth, concave facet for articulation with the second metacarpal bone, and 
on the medial side two small oval facets for the fourth metacarpal bone. 


Fig-. 405. — The fourth left meta- 
carpal bone. 



Fig. 406. — The fifth left meta- 
carpal bone. 
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The fourth metacarpal bone (fig. 405) is shorter than the third. Its base 
is small and quadrilateral ; on its proximal surface are two facets, a large medial 
one for articulation with the hamate bone, and a small one at the dorsolateral 
angle for the capitate bone. On the lateral side are two oval facets, for 
articulation with the third metacarpal bone ; and on the medial side, a single 
concave facet, for the fifth metacarpal bone. 

The fifth metacarpal bone (fig. 406) has two facets on its base ; that on 
its proximal surface is saddle-shaped, and articulates with the hamate bone ; 
that on the lateral side articulates with the fourth metacarpal bone On its 
medial side is a tubercle for the insertion of the tendon of the Extensor carpi 
ulnaris. The dorsal surface of the body is divided by an oblique ridge, which 
extends from near the medial side of the base to the lateral side of the head. 
The lateral part of this surface serves for the attachment of the fourth Inter- 
osseus dorsalis ; the medial part, smooth and triangular, is covered by the 
extensor tendons of the little finger. 


The Phalanges of the Hand (Phalanges Digitohtjm Manus) 

The phalanges are fourteen in number, three for each finger, and two for 
the thumb. Each consists of a body and two ends. The body tapers towards 
its distal end, and its dorsal surface is convex ; its volar surface is concave 
longitudinally, and flat from side to side ; its sides are marked by rough ridges, 
which give attachment to the fibrous sheaths of the flexor tendons. The 
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proximal ends of the bones of the first row present oval, concave articular 
surfaces, broader from side to side than from before backwards. On the 
proximal end of each of the bones of the second and third rows are two con- 
cavities separated by a median ridge. The distal ends are smaller than the 
proximal, and each terminates in two condyles separated by a shallow groove ; 
the articular surface extends farther on the volar than on the dorsal surface, a 
condition best marked in the bones of the first row. 

The ungual phalanges are convex on their dorsal, and flat on their volar 
surfaces ; they are recognised by their small size, and by a rough, elevated 
surface of a horseshoe form on the volar surface of the distal end of each, which 
serves to support the sensitive pulp of the finger. 


The Ossification of the Bones of the Hand 

The carpal bones are each ossified from a single centre, and ossification proceeds 
in the following order (fig. 407) : in the capitate and hamate bones, during the 
first year ; in the triquetral bone, during the third year ; in the lunate and greater 


Fig. 407. — A plan of the ossification of the bones of the hand. 


CARPAL BONES 

One centre for each hone : 
All cartilaginous at birth 


METACARPAL BONES 
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PHALANGES 
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One for body 
One for 'proximal end- 



multangular bones, during the fifth year ; in the navicular bone, during the sixth 
year ; in the lesser multangular bone, during the eighth year ; and in the pisiform 
bone, about the twelfth year. 

Occasionally an additional bone, the os centrale , is found between the navicular, 
lesser multangular, and capitate bones. During the second month of foetal life 
it is represented by a small cartilaginous nodule, which usually fuses with the 
cartilaginous navicular. Sometimes the styloid process of the third metacarpal 
bone is detached and forms an additional ossicle. 
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The metacarpal bones are each ossified from two centres ; a primary centre 
for the body, and a secondary or epiphysial centre for the base or proximal end of 
the first and for the head or distal end of each of the other four.'*' The first meta- 
carpal bone is therefore ossified in the same manner as the phalanges, and this 
has led some anatomists to regard the thumb as being made up of three phalanges, 
and not of a metacarpal bone and two phalanges. Ossification begins in the middle 
of the body about the eighth or ninth week of foetal life, the centres for the second 
and third metacarpal bones being the first, and that for the first metacarpal bone 
the last, to appear. About the third year the base of the first metacarpal bone, 
and the heads of the other metacarpal bones, begin to ossify ; they unite with the 
bodies about the twentieth year. 

The phalanges are each ossified from two centres; a primary centre for the 
body, and a secondary or epiphysial centre for the proximal extremity. Ossification 
begins in the body about the eighth week of foetal life. The epiphyses for the bases 
of the first row of phalanges appear between the third and fourth years, and those 
for the second and third rows of phalanges a year later. All unite with the bodies 
between the eighteenth and twentieth years. 

In the ungual phalanges the centres for the bodies appear at the distal ends 
of the phalanges, instead of at the middle of the bodies, as in the other phalanges. 
Moreover, of all the bones of the hand, the ungual phalanges are the first to 
ossify. 

Applied Anatomy . — The use of X-rays has shown that the carpal bones are more 
frequently fractured than was formerly supposed. When a single bone is broken it is 
usually the navicular or the capitate (more frequently the former) and the fracture runs 
at right angles to the long axis of the bone. There are two diseases of the metacarpal 
bones and phalanges which require special mention on account of their frequent occur- 
rence. One is tuberculous dactylitis, consisting of a deposit of tuberculous material 
in the medullary canal, expansion of the bone, with. subsequent caseation and necrosis. 
The other is chondroma, which is perhaps more commonly found in connexion with the 
metacarpal bones and phalanges than with any other bones. The tumours are usually 
multiple, and spring from beneath the periosteum about the epiphysial plate. In osteo- 
arthritis small symmetrical bony outgrowths known as “Heberden’s nodes,” often appear 
on the dorsal aspects of the terminal joints of the fingers, with radial deflection of the 
terminal phalanges in advanced cases. These nodes are usually painless, but cause 
inconvenience by limiting the mobility of the finger-tips. 


THE BONES OF THE INFERIOR EXTREMITY 
The Hip-Bone (Os Coxje) 

The hip-bone (os innominatum) (figs. 408, 409) is a large, flattened, irregu- 
larly shaped bone, constricted in the centre and expanded above and below. 
It articulates in front with the bone of the opposite side, and the two bones form 
the pelvic girdle or girdle of the inferior extremity. The hip-bone consists 
of three parts, the ilium, ischium, and os pubis, which are distinct from each 
other in the young subject, but are united in the adult ; the union of the three 
parts takes place in and close to a large cup-shaped articular cavity, the 
acetabulum, which is situated near the middle of the outer surface of the 
bone. 

The ilium (os ilii) so named because it supports the flank, is the broad and 
expanded portion of the hip-bone which extends upwards from the acetabulum. 
It is divisible into tv?o parts, the body and the ala, which are separated on 
the internal surface of the bone by a curved line, the arcuate line , and on the 
external surface by the upper part of the margin of the acetabulum. 

'The body of the ilium forms rather less than two-fifths of the acetabulum. 
Its external surface is partly articular, partly non-articular ; the articular 

* Allen Thomson ( Journal of Anatomy and Physiology , vol. iii. 1869) pointed out that the 
first metacarpal bone is often developed from three centres ; that is to say, there is a separate 
centre for the distal end, forming a distinct epiphysis visible at the age of seven or eight years. 
He also stated that there are traces of a proximal epiphysis in the second metacarpal bone. 
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segment forms part of the lunate surface of the acetabulum, the non-articular 
portion contributes to the acetabular fossa. The internal surface of the body 
is a part of the wall of the lesser pelvis ; it gives origin to some fibres of the 
Obturator intern us, and is continuous below with the pelvic surfaces of the 
ischium and os pubis. 

Pig. 408. — The right hip-bone. External surface. 
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The ala of the ilium, the large expanded portion, bounds the greater pelvis 
laterally. It has an external and an internal surface, a crest, and an anterior 
and a posterior bord.er. The external surface , or dorsum (fig. 408), is directed 
backwards and lateralwards behind, and lateralwards and downwards in front. 
It is smooth, convex in front, concave behind, and is bounded abovp by the 
crest, below by the upper border of the acetabulum, and in front and behind 
by the anterior and posterior borders. This surface is crossed by the posterior, 
anterior, and inferior glutseal lines. The posterior glutceal line (superior curved 
line), the shortest of the three, begins above at the crest, about 5 cm. in front 
’ of its posterior extremity, and ends below at the upper part of the greater 
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sciatic notch ; its upper part is well-marked, but its lower part is ill-defined 
and frequently absent. Behind this line is a narrow, semilunar surface, the 
upper part of which is rough and gives origin to a portion of the Glutaeus 
maximus ; the lower part is smooth, and has no muscular fibres attached to 
it. The anterior glutceal line (middle curved line), the longest of the three, 


Fig. 409. — The right hip-bone. Internal surface. 



begins near the crest, about 4 cm. behind its anterior extremity, and, curving 
backwards and downwards, ends at the upper part of the greater sciatic notch ; 
a nutrient foramen is often seen near the middle of this line. The surface 
between the crest and the anterior and posterior glut seal lines, gives origin 
to the Gluteus medius. The inferior glutceal line (inferior curved line), the 
least distinct, begins in front at the notch on the anterior border, and, curving 
backwards and downwards, ends near the middle of the greater sciatic notch ; 
the Gluteus minimus takes origin between the anterior and inferior glut seal lines. 
Immediately above, the acetabulum is a rough shallow groove from which the 
reflected tendon of the Bectus femoris takes origin. 
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The medial fragment, as a rule, is little displaced. The main vessels of the upper limb 
and the great nerve-cords of the brachial plexus lie beneath the bone on the first rib and 
are liable to be wounded, especially in fracture from direct violence, when the force of the 
blow drives the broken ends inwards. Fortunately the Subclavius intervenes between 
these structures and the clavicle, and often protects them from injury. 

The clavicle is occasionally the seat of sarcomatous tumours, rendering the operation 
of excision of the entire bone necessary. This is an operation of considerable difficulty 
and danger. It is best performed by exposing the bone freely, disarticulating at the 
acromial end, and turning it forwards. The removal of the lateral part is comparatively 
easy, but resection of the medial part is fraught with difficulty, the main danger being 
the risk of wounding the great veins which are in relation with its deep surface. 

Great deformity of the clavicle may be met with in rickets, the natural curvatures of 
the bone being exaggerated until it takes an S shape, and ‘ green-stick ’ fracture is not 
uncommonly seen associated therewith. 


The Humerus 

The humerus (figs. 377, 378), the longest and largest bone of the upper 
limb, is divisible into a body or shaft, and two ends. 

The upper end consists of the head and the greater and lesser tubercles. 

The head of the humerus (fig. 376), nearly hemispherical in form, is 
directed upwards, medialwards, and a little backwards ; it articulates with 


Fig. 376. — The upper end of the left humerus. Superior aspect. 



the glenoid cavity of the scapula. The circumference of its articular surface 
is slightly constricted, and is termed the anatomical neck , in contradistinction 
to a constriction below the tubercles, which is called the surgical neck because it 
is frequently the seat of fracture. 

The anatomical neck forms an obtuse angle with the body and is best marked 
in the lower half of its circumference ; in the upper half it is represented by a 
narrow groove separating the head from the tubercles. It affords attachment 
to the articular capsule of the shoulder-joint, and is perforated by foramina 
for the transmission of blood-vessels. 

The greater tubercle is lateral to the head and lesser tubercle. Its upper 
surface is convex and marked by three impressions ; the highest of these gives 
insertion to the Supraspinatus ; the middle, to the Infraspinatus ; the lowest, 
and the hone for about 2*5 cm. distal to it, to the Teres minor. The lateral 
surface of the greater tubercle is convex, rough, and continuous with the lateral 
surface of the body. 

The lesser tubercle , more prominent than the greater, is situated in front, 
and is directed forwards and medialwards. On its upper and front part is an 
impression for the insertion of the tendon of the Suhscapularis. 
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nerve, and the nerves to the Obturator internus and Quadratus femoris. Of 
these, the superior glutaeal vessels and nerve emerge above the Piriformis, the 
other structures below it. Below the spine is the lesser sciatic notch ; it is 
converted into a foramen by the sacrotuberous and sacrospinous ligaments, 
and transmits the tendon of the Obturator internus, the nerve which supplies 
that muscle, and the internal pudendal vessels and pudendal nerve. 

The superior ramus of the ischium projects downwards and backwards 
from the body and has three surfaces : external, internal, and posterior. The 
external surface is quadrilateral in shape, and on its upper part is a groove 
which lodges the tendon of the Obturator externtis. Below, it is continuous 
with the external surface of the inferior ramus ; in front, it is limited by the 
posterior margin of the obturator foramen ; behind, a prominent margin 
separates it from the posterior surface. In front of the latter margin the 
external surface gives origin to the Quadratus femoris, and to some of the 
fibres of the Obturator externus ; its lower part gives origin to a portion of 
the Adductor magnus. The internal surface forms a part of the bony wall of the 
lesser pelvis. In front it is limited by the posterior margin of the obturator 
foramen. Below and behind, it is bounded by a sharp ridge which gives 
attachment to the falciform process of the sacrotuberous ligament ; more 
anteriorly it gives origin to the Transversus perinsei superficialis and the 
Ischiocavernosus . 

The posterior surface of the superior ramus forms a large swelling, the 
tuberosity of the ischium , which consists of two portions : a lower, rough, tri- 
angular part, and an upper, smoother, quadrilateral portion. The lower, 
triangular portion is subdivided by a prominent longitudinal ridge into two 
parts ; the lateral part gives attachment to the Adductor magnus, the medial 
to the sacrotuberous ligament. The upper, quadrilateral portion is subdivided 
into two areas by an oblique ridge which runs downwards and lateralwards ; 
from the upper and lateral area the Semimembranosus arises ; from the lower 
and medial area, the Semitendinosus and the long head of the Biceps femoris. 

The inferior ramus is the thin, flattened part of the ischium, which passes 
forwards from the superior ramus, and joins the inferior ranrus of the os pubis, 
the junction being indicated on the external surface by a raised line. Its 
external surface is uneven for the origin of the Obturator externus and some 
of the fibres of the Adductor magnus ; its internal surface forms part of the 
anterior w r ail of the pelvis and gives attachment to the Sphincter urethrae 
membranacese. The lower border of the inferior ramus is thick, rough, slightly 
everted. It forms part of the outlet of the pelvis, and presents two slight 
ridges and an intervening space. The ridges are continuous with similar ones 
on the inferior ramus of the os pubis ; to the outer is attached the deep layer 
of the superficial perinseal fascia (fascia of Colies), and to the inner the inferior 
fascia of the urogenital diaphragm. When traced backwards these two ridges 
join ; from the space just in front of their junction the Transversus perinaei 
superficialis takes origin, and in front of this the Ischiocavernosus and the 
crus penis vel clitoridis are attached. The upper border of the inferior ramus 
is thin, and forms part of the medial margin of the obturator foramen. 

The os pubis, the anterior part of the hip-bone, is divisible into a body, 
and a superior and an inferior ramus. 

The body of the os pubis forms one-fifth of the acetabulum, contributing 
by its external surface both to the lunate surface and to the acetabular fossa. 
Its internal surface enters into the formation of the wall of the lesser pelvis. 
Its anterior surface is marked by a rough eminence, the iliopectineal eminence , 
which indicates the junction of the ilium with the os pubis. 

The superior ramus of the os pubis extends from -the body to the median 
plane, where it articulates with the superior ramus of the opposite os pubis. 
It is conveniently described in two portions, viz. a medial flattened part and a 
narrow lateral prismoid portion. 

The medial portion of the superior ramus, formerly described as the body 
of the os pubis, is somewhat quadrilateral in shape, and has two surfaces and 
three borders. The external surface is directed downwards and lateralwards, 
and serves for the origin of various muscles. The Adductor longus arises 
from the anterior and medial angle, immediately below the crest ; more 
posteriorly, the Obturator externus, the Adductor brevis, and the upper part 
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of the Gracilis take origin. The internal surface , convex from above downwards, 
concave from side to side, is smooth, and forms part of the anterior wall of 
the lesser pelvis. It gives origin to parts of the Levator ani and Obturator 
internus, and attachment to the puboprostatic ligaments and to a few muscular 
fibres prolonged from the bladder. On the upper border is a prominent tubercle, 
the pubic tubercle (pubic spine) which projects forwards and gives attachment 
to the inguinal ligament (Poupart’s ligament). Passing upwards and lateral- 
wards from the pubic tubercle is a well-defined ridge, the pecten pubis , which 
forms a part of the brim of the lesser pelvis ; to it are attached a portion of 
the inguinal falx (conjoined tendon of Obliquus internus and Transversus), 
the lacunar ligament (Gimbernat’s ligament), and the reflected inguinal ligament 
(triangular fascia). Medial to the pubic tubercle is the pubic crest , which 
extends from the tubercle to the medial border of the bone ; it affords attach- 
ment to the inguinal falx, and to the Rectus abdominis and Pyramidalis. 
The point of junction of the crest with the medial border of the bone is called 
the angle ; a part of the superior crus of the subcutaneous inguinal ring is 
attached to it. The medial border is articular ; it is oval, and is marked by 
eight or nine transverse ridges, or a series of nipple -like processes arranged 
in rows ; they serve for the attachment of a thin layer of cartilage, which 
is fixed to that of the opposite pubic bone by the interpubic fibrocartilaginous 
lamina. The lateral border presents a sharp margin, the obturator crest , which 
forms part of the circumference of the obturator foramen and affords attachment 
to the obturator membrane. 

The lateral portion of the superior ramus has an internal and an external 
surface, separated by the pecten pubis. The internal surface constitutes a part 
of the anterior boundary of the lesser pelvis, and affords origin to some fibres 
of the Obturator internus. The external surface consists of an anterosuperior 
and a postero-inferior part, separated by a prominent ridge which extends 
from the anterior margin of the acetabular notch to the pubic tubercle. The 
anterosuperior part, triangular in form, is limited above by the iliopectineal 
eminence (p. 309), and is covered by the Pectineus. The postero-inferior 
part, also triangular in form, is directed towards the obturator foramen ; on it is 
a broad, deep groove, the obturator groove , for the lodgment of the obturator 
vessels and nerve. 

The inferior ramus of the os pubis is thin and flattened. It passes lateral- 
wards and backwards from the medial part of the superior ramus, narrows 
as it recedes and joins with the inferior ramus of the ischium below the obturator 
foramen. Its external surface, directed forwards and downwards is rough 
for the origin of the following muscles, viz. — the Gracilis along its medial 
border, a portion of the Obturator externus near the obturator foramen, and 
between these two muscles, the Adductores brevis et magnus, the former 
being the more medial. The internal surface, directed backwards and upwards, 
is smooth, and gives origin to the Obturator internus, and, close to the medial 
border, to the Sphincter urethrae membranaceae. The medial border is thick, 
rough, and everted. It presents two ridges, separated by an intervening 
space. The ridges extend downwards, and are continuous with similar ridges 
on the inferior ramus of the ischium (p. 310) ; to the external is attached the 
superficial perinaeal fascia (fascia of Colies), and to the internal the inferior 
fascia of the urogenital diaphragm. The lateral border is thin and sharp, 
forms part of the circumference of the obturator foramen, and gives attach- 
ment to the obturator membrane. 

The acetabulum of the hip-bone (fig. 408) is a deep, cup-shaped, hemi- 
spherical depression, which looks downwards, lateralwards, and forwards. It is 
formed above by the ilium, medially by the os pubis, posteriorly and below by the 
ischium ; a little less than two-fifths is contributed by the ilium, _ a little more 
than two-fifths by the ischium, and one-fifth by the os pubis. It is surrounded 
by a prominent, uneven rim, which is thick and strong above, and serves 
for the attachment of the glenoidal labrum (cotyloid ligament), which contracts 
the orifice of the acetabulum, and deepens the surface for articulation. It 
presents below, a deep notch, the acetabular notch, which is continuous with 
a nearly circular non-articular depression, the acetabular fossa , at the bottom 
of the cavity ; this fossa is perforated by apertures for vessels, and lodges a 
mass of fat. The notch is converted into a foramen by the transverse acetabular 
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ligament, and through the foramen nutrient vessels and nerves enter the joint ; 
the margins of the notch serve for the attachment of the ligamentum teres. 
The rest of the acetabulum consists of a horse-shoe shaped articular surface, 
the lunate surface , for articulation with the head of the femur. 

The obturator foramen of the hip-bone is an aperture between the ischium 
and os pubis. In the male it is large and of an oval form, its longest diameter 
slanting obliquely from before backwards ; in the female it is smaller, and 
more triangular. It is bounded by a thin, uneven margin, to which the obturator 
membrane is attached, and it presents, superiorly, a deep groove, the obturator 
groove , which runs downwards and medialwards from the pelvis. This groove 
is converted into a canal by a ligamentous band, which consists of a specialised 
part of the obturator membrane, and is attached to two tubercles : one, the 


Tig. 410. — A plan of the ossification of the hip-bone. 
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posterior obturator tubercle , just below the acetabular notch ; the other, the 
anterior obturator tubercle , on the obturator crest (p. 311) of the superior ramus 
of the os pubis. Through the canal the obturator vessels and nerve pass out 
of the pelvis. 

Structure. — The thicker parts of the hip-bone consist of spongy substance, 
enclosed between two layers of compact bone ; the thinner parts, as at the bottom 
of the acetabulum and centre of the iliac fossa, are usually semitransparent, and 
composed entirely of compact hone. 

Ossification (fig. 410). — The hip-bone is ossified from eight centres : three primary, 
one each for the ilium, ischium, and os pubis ; and five secondary, one each for the 
crest of the ilium, the anterior inferior iliac spine (said to occur more frequently 
in the male than in the female), the tuberosity of the ischium, the pubic symphysis 
(more frequent in the female than in the male), and one or more for the Y-shaped 
piece at the bottom of the acetabulum. The centres appear in the following order : 
in the ilium, immediately above the greater sciatic notch, about the eighth or ninth 
week of foetal life ; in the superior ramus of the ischium, about the third month ; 
in the superior ramus of the os pubis, between the fourth and fifth months. At 
birth, the iliac crest, the greater part of the acetabulum, the ischial tuberosity, 
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and the inferior rami of the ischium and os pubis are cartilaginous. By the seventh 
or eighth year, the inferior rami of the os pubis and ischium are almost completely 
united by bone. The three primary centres extend their growth into the bottom 
of the acetabulum, where they are separated from each other by a Y-shaped 
portion of cartilage which begins to ossify by two or more centres in the twelfth 
year. One of these centres, the os acetdbuli, forms the pubic part of the acetabulum 
and fuses with the main parts of the bone about puberty. The ilium and ischium 
then become joined, and lastly the os pubis and ischium, through the intervention 
of this Y-shaped portion. At about the age of puberty, ossification takes place in 
each of the remaining portions, and they join with the rest of the bone between the 
twentieth and twenty-fifth years. Separate centres are frequently found for the 
tubercle, crest and angle of the os pubis, and the spine of the ischium. 


The Pelvis 

The pelvis, so called from its resemblance to a basin, is a massive bony 
ring, interposed between the movable segments of the vertebral column which 
it supports, and the lower limbs upon which it rests ; it is composed of the 


Fig. 411. — The diameters of the superior aperture of the lesser pelvis (female). 



two hip-bones laterally and in front, and the sacrum and coccyx behind. It 
is divided into the greater and the lesser pelvis by an oblique plane passing 
through the prominence of the sacrum behind, the arcuate line and pecten 
pubis laterally, and the upper margin of the symphysis pubis in front. The 
circumference of this plane is termed the pelvic brim. 

The greater pelvis (pelvis major), the expanded portion of the cavity 
above and in front of the pelvic brim, is formed on either side by the ilium 
and posteriorly by the base of the sacrum. 

The lesser pelvis (pelvis minor) is that part of the pelvic cavity which lies 
below and behind the pelvic brim. Its bony walls are more complete than 
those of the greater pelvis. It possesses an inlet bounded by the superior 
circumference, an outlet bounded by the inferior circumference, and a 
cavity. 

The superior circumference forms the brim of the pelvis, the included space 
being called the superior aperture or inlet (fig. 4U). The superior aperture 
is somewhat heart-shaped, obtusely pointed in front, and encroached upon 
behind by the forward projection of the promontory of the sacrum. It has 
three principal diameters : anteroposterior, transverse, and oblique. The 
anteroposterior or conjugate diameter extends from the sacrovertebral angle 
to the symphysis pubis ; its average measurement is about 110 mm. in the 
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female. The transverse diameter extends from the middle of the brim on one 
side to the same point on the opposite side ; its average measurement is about 
135 mm. in the female. The oblique diameter extends from the iliopectineal 
eminence to the opposite sacro-iliac articulation ; its average measurement 
is about 125 mm. in the female. 

The cavity of the lesser pelvis is a short curved canal, considerably deeper 
behind than in front. It is bounded in front and below by the pubic rami 
and symphysis ; above and behind, by the pelvic surfaces of the sacrum and 
coccyx ; laterally by a smooth, quadrangular area of bone, formed by the 
inner surfaces of the body and superior ramus of the ischium and of the body 
of the ilium. It contains, in the recent subject, the sigmoid (pelvic) colon, 
rectum, urinary bladder, and some of the organs of generation. The rectum 
is placed at the back of the pelvis, in the curve of the sacrum and coccyx ; 
the urinary bladder is in front, behind the pubic symphysis. In the female, 
the uterus and vagina lie between the rectum and the urinary bladder. 

The lower circumference of the pelvis is very irregular ; the space enclosed 
by it is named the inferior aperture or outlet (fig. 412), and is bounded behind 


Tic. 412. — -The diameters of the inferior aperture of the lessser pelvis (female). 



by the apex of the coccyx, and laterally by the ischial tuberosities. These 
eminences are separated by three notches : one in front, the pubic arch , formed 
by the convergence of the inferior rami of the ischium and os pubis on either 
side. The other notches, one on either side, are formed by the sacrum and 
coccyx behind, the ischium in front, and the ilium above : they are called the 
sciatic notches ; in the natural state they are converted into foramina by the 
sacrotuberous and sacrospinous ligaments. When these ligaments have been 
preserved, the inferior aperture of the pelvis is lozenge-shaped, and is bounded, 
in front, by the arcuate pubic ligament and the inferior rami of the ossa pubis et 
ischia ; laterally, by the ischial tuberosities ; behind, by the sacrotuberous 
ligaments and the tip of the coccyx. 

The anteroposterior diameter of the inferior aperture of the pelvis extends 
from the apex of the coccyx to the lower part of the pubic symphysis : its 
measurement is from 90 to 115 mm. in the female. It varies with the length 
of the coccyx, and is capable of increase or diminution, on account of the 
mobility of that bone. The transverse diameter , measured between the posterior 
parts of the ischial tuberosities, is about 115 mm. in the female.* 

Axes (fig. 413). — The axis of the superior aperture, i.e . a line at right angles 
to the plane of the superior aperture through its centre, is directed downwards 

* The measurements of the pelvis given above are fairly accurate, but different figures are 
given by various authors, no doubt mainly due to differences in the physique and stature of the 
population from whom the measurements have been taken. 
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and backwards, and if the line be prolonged it passes through the umbilicus above 
and the middle of the coccyx below. The axis of the inferior aperture is directed 
downwards and slightly backwards ; if prolonged upwards it touches the 
base of the sacrum. The axis of the cavity — i.e. an axis at right angles to a 
series of planes between and including 

those of the superior and inferior Fig. 413 . — A median sagittal section 
apertures — is curved like the cavity through the pelvis, 

itself : this curve is parallel to that of 
the sacrum and coccyx. 

Position of the pelvis (fig. 413). — 

In the erect posture, the pelvis is placed 
obliquely with regard to the trunk : the 
plane of the superior aperture forms 
with the horizontal plane an angle of 
from 50° to 60°, and that of the inferior 
aperture one of about 15°. The pelvic 
surface of the symphysis pubis looks 
upwards and backwards, the concavity 
of the sacrum and coccyx downwards 
and forwards. The position of the 
pelvis in the erect posture may be 
indicated by holding it so that the 
anterior superior iliac spines and the 
front of the top of the symphysis pubis 
are in the same vertical plane. 

Differences between the male 
and female pelves (figs. 414, 415, 416, 417). — The female pelvis is distinguished 
from that of the male by its bones being more delicate and its depth less. The 
whole pelvis is less massive, and its muscular impressions are not so marked. 
The ilia are larger, their posterior borders are more rounded and less vertical, 
and the anterior iliac spines more widely separated ; hence the greater lateral 
prominence of the hips. The superior aperture of the lesser pelvis is larger in the 

Fig. 414. — The female pelvis. Anterior aspect. 

From a specimen in the museum of the Royal College of Surgeons of England. 




female than in the male ; it is more nearly circular, and its obliquity is greater. 
The cavity is shallower and wider ; the sacrum is shorter, wider, and its upper 
part is less curved ; the obturator foramina are triangular in shape and are 
smaller in size than in the male. The inferior aperture is larger, and the coccyx 
more movable. The pre -auricular sulci are more commonly present and better 
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marked. The sciatic notches are wider and shallower, and the spines of the 
ischia project less inwards. The acetabula are wider apart, smaller and look 
more distinctly forwards.* The ischial tuberosities are also wider apart, 


Fig. 415. — The male pelvis. Anterior aspect. 



and are more everted. The depth of the pubic symphysis is less, and the 
pubic arch is wider and more rounded than in the male, where it is an angle 
rather than an arch. The auricular surfaces for articulation with the sacrum 
usually involve only two vertebra, whereas in the male they extend over two 
and a half or three vertebrae. 


Fig. 417. — Profile view of male pelvis. 



Fig. 416. — Profile view of female pelvis. 



The size of the pelvis varies not only in the two sexes, but also in different 
members of the same sex, and does not appear to be greatly influenced by 
the height of the individual. Women of short stature, as a rule, have broad 

* Derr y. Journal of Anatomy and Physiology, vol xliii. 



THE FEMUR 


317 


pelves. Occasionally the pelvis is contracted in all its dimensions, and its 
diameters may be as much as 12*5 mm. less than the average, and this even 
in well -formed women of average height. The principal divergences, however, 
are found at the superior aperture, and affect the relation of the anteroposterior 
to the transverse diameter. Thus the superior aperture may be elliptical 
either in a transverse or an anteroposterior direction, the transverse diameter 
in the former, and the anteroposterior in the latter, greatly exceeding the 
other diameters ; in other instances it is almost circular. 

In the foetus, and for several years after birth, the pelvis is small in 
proportion to that of the adult, and the projection of the sacrovertebral angle 
less marked. The characteristic differences between the male and female 
pelves are distinctly indicated as early as the fourth month of foetal life. 

Applied Anatomy . — There is arrest of development in the bones of the pelvis in cases 
of extroversion of the bladder; the anterior part of the pelvic girdle is deficient, the 
superior rami of the pubic bones are imperfectly developed, and the symphysis is absent. 
The pubic bones are separated to the extent of from two to four inches, the superior 
rami shortened and directed forwards, and the obturator foramina diminished in size, 
narrowed, and turned outwards. The iliac bones are straightened out more than normal. 
The transverse curve of the sacrum is flattened out or even convex, and the vertical curve 
is straightened.* 

Fractures of the pelvis are divided into those of the greater and those of the lesser 
pelvis. Fractures of the greater pelvis vary in extent; a small portion of the crest may 
be broken, or one of the spinous processes may be torn off, or the bone may be extensively 
comminuted. This latter accident is the result of some crushing violence, and may be 
complicated with fracture of the lesser pelvis. These eases may be accompanied by 
injury to the intestine or to the iliac vessels. A fracture of the lesser pelvis generally 
occurs through the superior ramus of the os pubis and the inferior ramus of the ischium, 
as these are the weakest parts of the bony ring, and may be caused either by crushing 
violence applied in an anteroposterior direction, when the fracture occurs from direct 
force, or by compression laterally, when the acetabula are pressed together and the bone 
gives way in the same place from indirect violence. Sometimes both sides of the pelvis 
are fractured, and it is in these cases that the contained viscera are likely to be injured ; 
the urethra, the bladder, the rectum, the small intestines, the vagina, and even the uterus, 
have all been lacerated by displaced fragments. Fractures of the acetabulum are occa- 
sionally met with : either a portion of the rim may be broken off , or a fracture may take 
place through the bottom of the cavity, and the head of the femur be driven into the pelvic 
cavity. Separation of the Y-shaped cartilage at the bottom of the acetabulum may also 
occur in the young subject, splitting the bone into its three portions. 

The coccyx is not infrequently displaced forwards to nearly a right angle with the 
sacrum by a kick or by a fall backwards. The condition is afctended with great pain in 
walking and on making any expiratory effort, such as coughing, defascation, etc., becaus'e 
the Coccygei and Levatores ani which form the pelvic diaphragm are attached to this 
bone. Such injuries often give rise to severe persistent pain, which is exceedingly 
intractable and difficult of cure. The condition is known a3 coccygodynia, and for its 
relief removal of the coccyx has been practised. 

The pelvic bones often undergo important deformity in rickets , the effects of which in 
the adult woman may seriously interfere with child-bearing. The deformity is due mainly 
to the weight of the trunk, which presses on the sacrovertebral angle and greatly increases 
it, so that the anteroposterior diameter of the pelvis is diminished, and may measure as 
little as 40 mm., the entrance into the pelvis becoming reniform. In other cases all the pelvic 
bones yield, and a general diminution in all the diameters of the pelvis results, the pelvic 
entrance becoming triangular or asymmetrical. If the pubic symphysis be forced forwards, 
the rickety pelvis may even come to resemble closely the deformed pelvis of osteomalacia ; 
in this disease the weight of the trunk causes an increase in the sacrovertebral angle, and 
a lessening of the anteroposterior diameter of the superior aperture, and at the same time 
the pressure of the heads of the femora on the acetabula causes these cavities, with the 
adjacent bone, to be pushed upwards and backwards, so that the oblique diameters of 
the pelvis are also diminished, and the cavity of the pelvis assumes a triradiate shape, 
with the symphysis pubis pushed forwards. 


The Femur 

The femur (figs. 419 and 420), the longest and strongest bone in the skeleton, 
is cylindrical in the greater part of its extent. In the erect posture it is placed 
obliquely, being separated above from the bone of the opposite limb by an 
interval which corresponds to the breadth of the pelvis, but inclines gradually 

* Wood. Heath’s Dictionary of Practical Surgery. 
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downwards and medialwards, so as to bring the knee-joint near the line of 
gravity of the body. The degree of this inclination varies in different persons, 
and is greater in the female than in the male, on account of the greater breadth 
of the pelvis. The femur has a body and two ends. 

The upper end of the femur (fig. 418) comprises a head, a neck, a greater 
and a lesser trochanter. 

The head forms rather more than a hemisphere ; it articulates with the 
acetabulum of the hip-bone, and is directed upwards, medialwards, and a 
little forwards. Its surface is smooth, except at an ovoid depression, the fovea 
capitis femoris, which is situated a little below and behind the centre of the head 
and gives attachment to the ligamentum teres of the hip-joint. 

Fig. 418. — The upper extremity of the right femur. From behind and above. 



The neck of the femur is flattened anteroposteriorly ; it connects the head 
with the body, and forms with the latter an angle of about 125°. The angle 
decreases during the period of growth, but after full growth has been attained 
it does not usually undergo any change ; in the female, in consequence of the 
greater width of the pelvis, it is less than in the male. In addition to projecting 
upwards and medialwards from the body of the femur, the neck projects 
somewhat forwards ; the amount of this forward projection is extremely 
variable, but on an average is from 12° to 14°. 

The neck is contracted in the middle, and broader laterally than medially. 
The vertical diameter of the lateral half is increased by the obliquity of the 
lower edge, which slopes downwards to join the body at the level of the lesser 
trochanter ; the medial half is smaller, and of a more cylindrical shape. The 
anterior surface of the neck is perforated by numerous foramina for vessels. 
Along the upper part, and encroaching on the line of junction of this surface 
with the head is a shallow, rough groove, best marked in elderly subjects ; this 
groove lodges the orbicular fibres of the capsule of the hip-joint. The posterior 
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surface is more concave tlian 
the anterior, and usually ex- 
hibits a shallow, oblique groove 
for the tendon of the Obturator 
externus ; the articular capsule 
of the hip- joint is attached to 
the posterior surface of the neck 
about 1 cm. above the inter- 
trochanteric crest. The superior 
border , short and thick, ends 
laterally at the greater tro- 
chanter, and is perforated by 
large foramina. The inferior 
border , long and narrow, curves 
a little backwards, and ends at 
the lesser trochanter. 

The greater trochanter of the 
femur is a large, quadrangular 
eminence, situated at the 
junction of the neck and the 
upper part of the body. It is 
directed upwards, lateralwards, 
and slightly backwards, and its 
superior border is on a level 
with the centre of the head of 
the bone. The lateral surface , 
quadrilateral in form, is broad, 
rough, convex, and marked by 
an oblique ridge, which extends 
from the posterosuperior to the 
antero-inferior angle and serves 
for the insertion of the tendon 
of the Glutseus medius ; above 
and in front of this ridge is 
a triangular surface which is 
separated from the tendon by a 
bursa. Below and behind the 
oblique ridge is a smooth 
surface, over which the tendon 
of the Glutseus maximus plays, 
a bursa being interposed. The 
medial surface is of much less 
extent than the lateral ; at 
its lower part is a deep depres- 
sion, the trochanteric fossa , for 
the insertion of the tendon of 
the Obturator externus; above 
and slightly in front of this 
fossa is an impression for the 
insertion of the Obturator 
internus and Gemelli. The 
superior border is free; it is 
thick and curved, and near its 
centre is an impression for the 
insertion of the Piriformis. The 
inferior border corresponds to 
the line of junction of the tro- 
chanter with the lateral sur- 
face of the body of the femur : 
-it is marked by a rough, 
slightly curved ridge, which 
gives origin to the upper part 
of the Vastus lateralis. The 


Fig. 419. — The right femur. Anterior aspect. 
Obturator internus 
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Fig. 420. — The right femur. Posterior aspect. 



Articular capsule 
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anterior surface is quadrilateral 
in shape. The tendon of the 
Glutseus minimus is attached 
to a prominent ridge on the 
lateral part of this surface, and 
is separated from the medial 
part by a synovial bursa. The 
'posterior border is a projecting 
rounded edge, which bounds 
the back of the trochanteric 
fossa, and forms the upper 
part of the intertrochanteric 
crest. 

The lesser trochanter of the 
femur is a conical eminence 
which projects from the body 
at its junction with the lower 
and posterior part of the neck. 
From it three borders extend ; 
two of these are directed up- 
wards — a medial continuous 
with the lower border of the 
neck ; a lateral with the inter- 
trochanteric crest ; the third 
or inferior is continuous with 
the middle division of the linea 
aspera. The summit of the 
trochanter is rough, and gives 
insertion to the tendon of the 
Psoas major. 

A prominence, of variable 
size, occurs at the junction 
of the upper part of the front 
of the neck with the greater 
trochanter, and is called the 
tubercle of the femur. Running 
downwards and medialwards 
from it is the intertrochanteric 
line ; this line winds spirally 
round the medial side of the 
body of the bone, in front of 
the lesser trochanter, and ends 
about 5 cm. below this eminence 
in the linea aspera. Its upper 
half is rough, and affords 
attachment to the lateral part 
of the iliofemoral ligament of 
the hip-joint ; to its lower half, 
which is less prominent, the 
medial part of the iliofemoral 
ligament and the pubocapsular 
ligament are attached. On the 
posterior surface a prominent 
ridge, the intertrochanteric crest , 
runs obliquely downwards and 
medialwards from the summit 
of the greater trochanter to 
the lesser trochanter ; its upper 
half forms the posterior border 
of the greater trochanter. A 
slight ridge, the linea quadrata } 
is sometimes seen commencing 
about the middle of this crest, 
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and running vertically downwards for about 5 cm. along the triangular surface 
between the lateral and intermediate ridges of the linea aspera ; it gives 
attachment to the Quadratus femoris and a few f fibres of the Adductor 
magnus ; as a rule, there is merely a slight thickening about the middle of 
the intertrochanteric crest, marking the attachment of the upper part of the 
Quadratus femoris. 

The body or shaft of the femur, almost cylindrical in form, is a little 
broader above than in the centre, broadest and somewhat flattened from 
before backwards below. It is slightly arched, so as to be concave behind, 
where it is strengthened by a prominent longitudinal crest, the linea aspera. 
It has three borders and three surfaces. Of the borders, one, the linea aspera, 
is posterior, one is medial, and the other, lateral. 

The linea aspera (fig. 420) is a longitudinal crest, on the middle third of the 
bone; it has a, medial and a lateral lip, and a narrow, rough, intermediate 
line. Three ridges, lateral, intermediate and medial, run upwards from the 
linea aspera, The lateral ridge is very rough, and ascends to the base of the 
greater trochanter ; it is termed the glutceal tuberosity , and gives insertion to 


Fig. 421. — The lower end of the right femur. Inferior aspect. 
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a part of the Glutseus maximus ; its upper part is often elongated into a 
roughened crest, on which a rounded tubercle, the third trochanter , is occa- 
sionally developed. The intermediate ridge or pectineal line is continued to the 
base of the lesser trochanter and gives insertion to the Pectineus. The medial 
ridge or spiral line is continuous with the intertrochanteric line. The lips of 
the linea aspera diverge below and are prolonged as two epicondylar ridges 
which form the sides of a triangular area named the popliteal surface . The 
lateral epicondylar ridge is the more prominent, and descends to the lateral 
epicondyle. The medial epicondylar ridge is indistinct above where it is crossed 
by the femoral artery ; it ends below, at the medial epicondyle, in the adductor 
tubercle which affords insertion to the tendon of the Adductor magnus. In 
about 80 per cent, of specimens a rounded tubercle is present on the lower 
part of the popliteal surface, just above the medial condyle ; to this tubercle 
the upper part of the medial head of the Gastrocnemius is attached. * 

From the medial lip of the linea aspera and its prolongations above and 
below, the Vastus medialis arises ; and from the lateral lip and its upward 
prolongation, the Vastus lateralis takes origin. The Adductor magnus is 
inserted into the linea aspera, and to' its lateral prolongation above, and its 
medial prolongation below. Between the Vastus lateralis and the Adductor 
magnus the Glutseus maximus is inserted above, and the short head of the 
Biceps femoris takes origin below. Between the Adductor magnus and the 
Vastus medialis four muscles are inserted : the Iliacus and the Pectineus 
above ; the Adductor brevis and the Adductor longus below. Near the middle 

* F. G. Parsons, Journal of Anatomy and Physiology , vol. xlviii., and J. S. B. Stopford, J ournal 
of Anatomy and Physiology , vol. xlix. 

G.A. 
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of the linea aspera is the orifice of the canal for the nutrient artery, which is 
directed obliquely upwards. 

Fig. 422. — The lower end of the right femur. Lateral aspect. 
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The lateral and medial borders of the femur are only slightly marked ; the 
lateral extends from the antero -inferior angle of the greater trochanter to 
the front of the lateral condyle ; the medial from the intertrochanteric line, 
at the level of the lesser trochanter, to the front of the medial condyle. 


Fig. 423. — A longitudinal section through the head and neck of the femur. 



The anterior surface of the femur is between the lateral and medial borders; 
it is smooth, convex, broader above and below than in the middle. The Vastus 
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intermedins arises from its upper three -fourths, and from the upper part of its 
lower one-fourth, the Articularis genus takes origin. The lateral surface is 
between the lateral border and the linea aspera ; it is continuous above with 
the lateral surface of the greater trochanter, below with that of the lateral 
condyle : the Vastus intermedius arises from its upper three -fourths. The 
medial surface is between the medial border and the linea aspera ; it is continuous 
above with the lower border of the neck, below with the medial side of the 
medial condyle ; it is covered by the Vastus medialis. 

The lower end of the femur (figs. 421, 422) is larger than the upper, and 
consists of two oblong eminences, known as the condyles ; in front, these are but 
slightly prominent, and are separated by a smooth shallow articular depression 
called the patellar surface ; behind, they project considerably, and are separated 
by a deep notch, the intercondyloid fossa. The lateral condyle is the more pro 
minent anteriorly, and is the broader both in its anteroposterior and transverse 
diameters. The medial condyle projects to a lower level than the lateral, when 
the femur is held with its body perpendicular ; when, however, the bone is 
in its natural oblique position the lower surfaces of the two condyles lie in the 
same horizontal plane. The condyles are not quite parallel with one another ; 
the long axis of the lateral is almost directly anteroposterior, but that of the 
medial runs backwards and medial wards. Their opposed surfaces are small, 
rough, and concave, and form the walls of the intercondyloid fossa ; this fossa 
is limited above by a ridge, the intercondyloid line , and below by the central 
part of the posterior margin of the patellar surface. The posterior cruciate 
ligament of the knee-joint is attached to the lower and front part of the medial 
wall of the fossa, and the anterior cruciate ligament to the upper and posterior 
part of its lateral wall. Each condyle is surmounted by an elevation, the 
epicondyle. The medial epicondyle is a large convex eminence to which the tibial 
collateral ligament of the knee-joint is attached. At its upper part is the 
adductor tubercle, already referred to, and behind it is a rough impression which 
gives origin to a large part of the medial head of the Gastrocnemius. The lateral 
epicondyle (fig. 422), smaller and less prominent than the medial, gives attach- 
ment to the fibular collateral ligament of the knee-joint. Directly below it is a 
small depression from which a deep, oblique groove curves upwards and back- 
wards to the posterior end of the condyle. This groove is separated from the 
articular surface of the condyle by a rounded 
lip, across the anterior part of which a vertical, 
shallow groove descends from the depression. 

In the recent state these grooves are covered 
with cartilage. The Popliteus arises from the 
depression below the epicondyle ; its tendon lies 
in the oblique groove when the knee is acutely 
flexed, and in the vertical groove when the knee 
is extended. Above and behind the lateral epi- 
condyle is an area for the origin of the lateral 
head of the Gastrocnemius, above and medial to 
which the Plantaris arises. 

The articular surface of the lower end of the 
femur occupies the anterior, inferior, and 
posterior surfaces of the condyles. Its front 
part articulates with the patella, and is named 
the patellar surface ; it presents a median 
groove between two convexities, the lateral of 
which is broader, more prominent, and ascends 
farther than the medial. The lower and 
posterior parts of the articular surface con- 
stitute the tibial surfaces for articulation with 
the corresponding condyles of the tibia and the 
menisci of the knee-joint. The tibial surfaces are separated from one another 
by the intercondyloid fossa, and from the patellar surface by two faint grooves 
which extend obliquely across the condyles. The lateral groove is the better 
marked ; it runs lateralwards and slightly forwards from the front part of the 
intercondyloid fossa, and expands to form a triangular depression which rests 
upon the anterior portion of the lateral meniscus when the knee-joint is fully 


Fig. 424. — A scheme showing 
the disposition of the prin- 
cipal cancellous lamellae in 
the upper end of the femur. 
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extended. The medial groove is less distinct than the lateral, and exists only 
on the medial part of the condyle ; it receives the anterior edge of the medial 
meniscus when the knee-joint is extended. Where this groove ceases laterally 
the patellar surface is continued backwards on the medial condyle as a semi- 
lunar area adjoining the anterior part of the intercondyloid fossa ; this semilunar 
area articulates with the medial vertical facet of the patella in forced flexion of 
the knee-joint. The tibial surfaces of the condyles are convex from side to side 
and from before backwards. Each presents a double curve, its posterior segment 
being an arc of a circle, its anterior, part of a cycloid.* 


Fig. 425. — An oblique section through the 
upper end of the left femur showing the 
calcar femorale. 



Fig. 426. — A plan of the ossification of the 
femur. From five centres. 
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Structure. — The body of the femur is a cylinder of compact bone, hollowed by 
a large medullary canal. The wall of the cylinder is thick in the middle one-third 
of the body, where the bone is narrowest and the medullary canal best formed ; 
but above and below this the wall becomes thinner, while the medullary canal is 
gradually filled up by spongy substance, so that the upper and lower ends of the 
body, and the articular extremities more especially, consist of spongy substance, 
invested by a thin compact layer. 

The cancelli in the ends of the femur are disposed along the lines of greatest pres- 
sure and tension. In the upper end (figs. 423, 424) the chief lamellae are arranged 
m the following manner. A series of bony planes at right angles to the articular 
surface of the head converge to a central dense wedge ; this wedge is supported 

* ^ <fyoloid is a curve traced by a point in the circumference of a wheel when the wheel is 
roiled along m a straight line. 
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by strong lamellae which, extend to the sides of the neck and are specially marked 
along its upper and lower borders. Any force therefore applied to the head of 
the femur is transmitted directly to the central wedge and thence to the junction 
of the neck with the body. This junction is specially strengthened by a series 
of dense lamellae which extend from the lesser trochanter to the lateral end of the 
superior border, of the neck ; this arrangement will obviously oppose considerable 
resistance to either tensile or shearing force. A smaller bar stretching across 
the junction of the greater trochanter with the neck and body resists the shearing 
force of the muscles attached to this prominence. These two bars, one at the 
junction of body and neck, the other at the junction of body and greater trochanter, 
form the upper layers of a series of arches which extend across between the sides 


Fig. 427. — The epiphysial lines of the 
right femur in a young adult. An- 
terior aspect. 




The lines of attachment of the articular capsules 
are in blue. 


Fig. 428. — The epiphysial lines of the 
right femur in a young adult. Pos- 
terior aspect. 



The lines of attachment of the articular capsules 
are in blue. 


of the body and transmit to the body forces applied to the upper end of the hone. 
In the spongy substance of the neck is a thin vertical plate of hone, the calcar 
femorale (fig. 425), which springs from the compact wall of the body in the region of 
the linea aspera. Medially it is attached to the inner surface of the posterior wall 
of the neck of the hone ; laterally it continues the plane of the posterior wall of 
the neck into the greater trochanter, where it shades off into the general spongy 
substance. It is thus situated in a plane anterior to the intertrochanteric crest 
and to the base of the lesser trochanter. 

In the lower end, the cancelli spring on all sides from' the inner surface of the 
cylinder, and descend in a direction perpendicular to the articular surface, the 
cancelli being strongest and having a more accurately perpendicular course above 
the condyles. In addition to this, there are horizontal planes of cancellous tissue, 
so that the spongy substance in this situation is mapped out into a series of cubical 
compartments. 

Ossification (figs. 426, 427, 428). — The femur is ossified from five centres : one 
each for the body, head, greater trochanter, lesser trochanter, and lower end 
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Except the clavicle, it is the first of the long bones to show traces of ossification. 
Ossification begins in the middle of the body in the seventh vseek of foetal life, and 
extends upwards and downwards. The secondary centres . appear as follows : 
in the lower end, during the ninth month of foetal life (from this centre the condyles 
and epicondyles are formed) ; in the head at the end of the first year ; in the greater 
trochanter during the fourth year ; and in the lesser trochanter between the thir- 
teenth and fourteenth years. The epiphyses, derived from the secondary centres, 
fuse independently with the body after puberty ; the lesser trochanter joins first, 
then the greater, then the head, and, lastly, the lower end which is not united 
until the twentieth year. 

Applied Anatomy . — The lower end of the femur is the only epiphysis in which ossifica- 
tion has commenced at the time of birth. The presence of this centre of ossification is, 
therefore, a proof, in a new-born child found dead, that the child has arrived at the full 
period of uterogestation, and is always relied upon in medico-legal investigations. The 
position of the epiphysial plate should be carefully noted. It is on a level with the 
adductor tubercle, and the epiphysis does not, therefore, form the whole of the synovial 
covered portion of the lower end of the bone. It is essential to bear this point in mind in 
performing excision of the' knee, since growth in length of the femur takes place chiefly 
from the lower epiphysis, and any interference with the epiphysial cartilage in a young 
child would involve such ultimate shortening of the limb, frorn want of growth, as to 
render . the limb almost useless. Separation of the lower epiphysis may take place up to 
the age of twenty, at which time it becomes completely joined to the body of the bone; 
but, as a matter of fact, few cases occur after the age of sixteen or seventeen. The epi- 
physis of the head of the femur is the seat of origin, in a large number of cases, of tuber- 
culous disease of the hip-joint. In the majority of cases the disease begins in the highly 
vascular and growing tissue at the end of the body in the neighbourhood of the epiphysial 
cartilage, and extends into the joint. The epiphysis for the head is entirely intracapsular. 

Fractures of the femur are divided, like those of the other long bones, into fractures of 
the upper end ; of the body ; and of the lower end. The fractures of the upper end may 
be classified into (1) fracture of the neck; (2) fracture at the junction of the neck with 
the greater trochanter ; (8) fracture of the greater trochanter ; and (4) separation of the 
epiphysis, Either of the head or of the greater trochanter. The first of these, fracture of 
the neck, is usually termed intracapsular fracture, but this is scarcely a correct designa- 
tion, as, owing to the attachment of the articular capsule, the fracture is partly within 
and partly without the capsule when the fracture occurs at the lower part of the neck. It 
generally takes place in old people, principally women, and usually from a very slight 
degree of indirect violence. Probably the main cause of its occurrence in old people is 
the senile degenerative change which takes place in the bone. Merkel believes that it is 
mainly due to the absorption of the calcar femorale. As a rule the fragments become 
united by fibrous tissue, but frequently no union takes place, and the opposed surfaces 
become smooth and eburnated. 

Fractures at the junction of the neck with the greater trochanter are usually termed 
extracapsular , but this designation is also incorrect, as the fracture is partly within the 
capsule, which is attached in front to the intertrochanteric line below the line of fracture. 
These fractures are produced by direct violence to the greater trochanter, as from a fall 
laterally on the hip. From the manner in which the accident is caused the neck of the 
bone is driven into the trochanter, where it may remain impacted or the trochanter may 
be split into two or more .fragments, disimpaetion resulting. 

Fractures of the body may occur at any part, but the most usual situation is at or near 
the centre of the bone. Fractures of the upper third of the body are almost always the 
result of indirect violence, while those of the lower third are the result, for the most part, of 
direct violence. Fractures of the body are generally oblique, but they may be transverse, 
longitudinal, or spiral. The transverse fracture occurs most frequently in children. The 
fractures of the lower end of the femur include transverse fracture above the condyles, 
the most common ; and this may be complicated by a vertical fracture between the 
condyles, constituting the T-shaped fracture. In these cases the popliteal artery is in 
danger of being wounded. Oblique fracture separating either the medial or lateral 
condyle, and a longitudinal incomplete fracture between the condyles, may also take 
place. 

When there is . a possibility of a fracture of the femur resulting in shortening of the 
bone, treatment should be carried out in the abducted position, so that the tilting of the 
pelvis to counteract the abduction may produce lengthening. The replacement of fractures 
of the lower one- third is facilitated by flexing the knee and so relaxing the gastrocnemius 
and the hamstrings. 

The femur is exposed, with least injury to the vascular and nervous supply of the 
muscles, through an incision in the line of the lateral intermuscular septum. 

The femur and the other long bones of the leg are frequently the seat of acute 
osteomyelitis in children. This is no doubt due to their greater exposure to injury, 
which is often the exciting cause of this disease. Necrosis of portions of the diaphysis 
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frequently ensue, especially in the region of the popliteal surface of the femur, and the 
disease may continue for years, great trouble being experienced with discharging sinuses 
which periodically close and reopen to allow of the exit of pieces of dead bone. 

Tumours are not infrequently found growing from the femur : the most common 
forms being sarcoma, which may grow either from the periosteum or from the medullary 
tissue within the interior of the bone, and exostosis, which commonly originates in the 
neighbourhood of the epiphysial cartilage of the lower end. The region of the lower 
epiphysial line is by far the commonest seat for all these tumours, and it should be noted 
that the lower epiphysis has the longest period of active growth, and that these tumours 
usually appear towards the end of the period of active growth of the bone. 


The Tibia 

The tibia (figs. 430, 431) is situated at the medial side of the leg, and, 
excepting the femur, is the longest bone of the skeleton. It is prismoid in 
form, expanded above, where it enters into the formation of the knee-joint, 
contracted in the lower one-third, and again enlarged, hut to a lesser extent, 
below. It has a body and two ends. 


Fig. 429. — The upper surface of the right tibia. 



The upper end of the tibia (fig. 429) is expanded into two eminences, the 
medial and lateral condyles , the superior surfaces of which form the medial and 
lateral articular surfaces. The medial articular surface, oval in shape, is 
slightly concave from side to side, and from before backwards ; the lateral, 
nearly circular, is concave from side to side, but slightly convex from before 
backwards, especially at its posterior part where it is prolonged on to the 
posterior surface for a short distance. The central portions of the medial and 
lateral articular surfaces articulate with the condyles of the femur, while their 
peripheral portions support the menisci of the knee-joint, which here intervene 
between the tibia and the femoral condyles. Between the articular surfaces, 
and nearer the posterior than the anterior part of the bone, is the inter condyloid 
eminence (tibial spine), surmounted by two prominent tubercles, on the sides 
of which the articular surfaces are prolonged ; in front of and behind the 
intercondyloid eminence are rough depressions, the anterior and posterior 
intercondyloid fossae, for the attachment of the cruciate ligaments and the 
menisci of the knee-joint. The anterior surfaces of the condyles are continuous 
with one another, forming a large, triangular, somewhat flattened area ; this area 
is perforated by foramina for vessels, and ends below in an oblong elevation, the 
tuberosity of the tibia, which gives attachment to the ligamentum patellae ; a 
bursa intervenes between the deep surface of the ligament and the part of the 
bone immediately above the tuberosity. The medial condyle is grooved 
posteriorly, for the insertion of the tendon of the Semimembranosus ; its medial 
surface, convex, rough and prominent, gives attachment to the posterior part 
of the tibial collateral ligament of the knee-joint. The lateral condyle presents 
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posteriorly a flat, nearly circular, articular facet, directed downwards, back- 
wards, and lateralwards, for articulation with the head of the fibula. Its lateral 
surface is convex, rough and prominent in front : on it is an eminence, situated 
on a level with the articular facet for the fibula, for the attachment of the 
iliotibial tract or band of the. fascia lata. Just below this eminence a slip from 
the tendon of the Biceps femoris is inserted, and a small part of the Extensor 
digitorum longus takes origin. 

The body or shaft of the tibia has three crests or margins, and three surfaces. 

The anterior crest or shin , the most prominent, begins above at the tuberosity, 
and ends below at the anterior margin of the medial malleolus. It is sinuous 
and prominent in its upper two-thirds, but smooth and rounded below ; it gives 
attachment to the deep fascia of the leg. 

The medial margin is smooth and rounded above and below, but more 
prominent in the centre ; it begins at the posterior part of the medial condyle, 
and ends at the posterior border of the medial malleolus ; its upper part gives 
attachment to the tibial collateral ligament of the knee-joint to the extent 
of about 5 cm., and insertion to some fibres of the Popliteus ; from its middle 
one-third some fibres of the Soleus and Flexor digitorum longus take origin. 

The interosseous crest gives attachment to the crural interosseous membrane 
(fig. 434), and is most distinct in the middle one-third of the bone ; it begins 
above in front of the fibular articular facet, and bifurcates below to form the 
sides of a triangular rough depression, the fibular notch , for the attachment of the 
interosseous ligament connecting the tibia and fibula. 

The medial surface is smooth and convex, and is broader above than below. 
Its upper one-third is covered by an aponeurosis derived from the tendon of the 
Sart-orius, and by the tendons of the Gracilis and Semitendinosus ; all three are 
inserted into this part of the bone. The rest of the surface is subcutaneous. 

The lateral surface is narrower than the medial ; on its upper two-thirds is a 
shallow groove for the origin of the Tibialis anterior ; its lower one-third is 
smooth, convex, curves gradually forwards to the anterior aspect of the bone, 
and is covered by the tendons of the Tibialis anterior, Extensor hallucis longus, 
and Extensor digitorum longus, arranged in this order from the medial side. 

At the upper part of the posterior surface (fig. 431) is a prominent ridge, 
the popliteal line , which descends obliquely from the fibular articular facet 
to the medial border, near the junction of the upper with the middle one-third ; 
the fascia covering the Popliteus muscle is attached to this line, and parts of 
the Soleus, Flexor digitorum longus, and Tibialis posterior take origin from it. 
Above the line is a triangular area, into the greater part of which the Popliteus 
is inserted ; immediately below the line is the orifice of the nutrient canal, which 
is large and directed obliquely down-wards. The middle one-third of the 
posterior surface is divided into tw r o areas by a vertical ridge which begins at 
the popliteal line and is usually well marked above, but indistinct below ; the 
medial and broader area gives origin to the Flexor digitorum longus, the lateral 
and narrower to a part of the Tibialis posterior. The lower part of the posterior 
surface is smooth and covered by the Tibialis posterior, Flexor digitorum 
longus, and Flexor hallucis longus. 

The lower end of the tibia is prolonged downwards on its medial side as a 
strong process, the medial malleolus. The inferior articular surface is quadri- 
lateral, and articulates with the talus. It is broader in front than behind, 
concave from before backwards, and near the'middle is traversed in this direction 
by a slight elevation. It is continuous with the articular surface on the lateral 
side of the medial malleolus. The anterior surface is smooth and rounded 
above, and covered by the tendons of the Extensor muscles ; at its lower 
margin is a furrow for the attachment of the articular capsule of the ankle-joint. 
The lateral part of the posterior surface is traversed by a shallow groove, directed 
obliquely downwards and medial wards, in which the tendon of the Flexor 
hallucis longus lies. On the lateral surface is a triangular rough depression, 
the fibular notch, for the attachment of the interosseous ligament connecting: 
the tibia with the fibula ; in the recent state, the lower border of this notch 
is occasionally covered with cartilage, and articulates with the fibula. The 
fibular notch is bounded by two prominent borders, continuons above with the 
interosseous crest ; their lower parts afford attachment to the anterior and 
posterior ligaments of the lateral malleolus. 
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Fig. 430. — The bones of the right leg. 
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The medial malleolus is a strong pyramidal process 3 flattened from side to 
side. Its medial surface is convex and subcutaneous ; its lateral or articular 
surface , smooth and slightly concave, articulates with the talus ; its anterior 
border is rough, for the attachment of the anterior fibres of the deltoid ligament 
of the ankle-joint : on its posterior border is a broad groove, the malleolar sulcus , 
directed obliquely downwards and medialwards, and occasionally double ; it 
lodges the tendons of the Tibialis posterior and Flexor digitorum longus. The 
lower border of the malleolus is marked posteriorly by a depression, for the 
attachment of the deltoid ligament of the ankle-joint. 



The lines of attachment of the articular 
capsules are in blue. 


Structure. — The structure of the tibia is like that of the other long bones. The 
compact wall of the body is thickest at the junction of the middle with the lower 
one-third of the bone. 

Ossification. — The tibia is ossified from three centres (figs. 432, 433) : one for 
the body and one for either end. Ossification begins in the middle of the body 
about the seventh week of foetal life. The centre for the upper end appears before 
or shortly after birth, and from it a thin tongue-shaped process extends downwards 
in front, to form the tuberosity (fig. 433) ,* the centre for the lower end appears 
in the second year. The lower end joins the body about the eighteenth year; 
the upper about the twentieth year. Two additional centres occasionally exist, 
one for the tongue-shaped process which forms the tuberosity, and one for the 
medial malleolus. 


The Fibula 

The fibula (figs. 430, 431) is placed on the lateral side of the tibia, and is 
connected to it above and below. In proportion to its length it is the most 
slender of all the long bones. Its upper end articulates with the back 
of the lateral condyle of the tibia, below the level of the knee-joint. The bone 
inclines a little forwards so that its lower end or lateral malleolus is on a plane 
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anterior to that of the upper end; it projects below the tibia, and forms the 
lateral part of the ankle-joint. 

The upper end or head of the fibula is of an irregular quadrate form, and 
has a flattened articular surface, directed upwards, forwards, and medialwards, 
for articulation with the lateral condyle of the tibia. On its lateral side is 
a thick and rough prominence, continued behind into a pointed eminence, 
the apex or styloid process, which projects upwards from the posterior part of the 
head. The upper and lateral parts of this prominence give attachment to the 
tendon of the Biceps femoris and to the fibular collateral ligament of the knee- 
joint, the ligament dividing the tendon into two parts. The remaining part 
of the head is rough, for the attachment of muscles and ligaments ; in front 
is a tubercle for the origin of the highest fibres of the Peronseus longus, and a 
surface for the attachment of the anterior ligament, of the head of the bone ; 
behind, is another tubercle for the attachment of the posterior ligament of the 
head of the fibula, and a few fibres of the Soleus. 


Fig. 434. — *A transverse section through the right tibia and fibula, showing the 
attachment of the crural interosseous membrane. 



The body or shaft of the fibula has four borders — anterolateral, anteromedial, 
posterolateral, and posteromedial ; and four surfaces — anterior, posterior, 
medial, and lateral. 

The anterolateral border begins above in front of the head, runs vertically 
downwards to a little below the middle of the bone, and then curving lateral- 
wards, divides to form the sides of a triangular subcutaneous surface which is 
continued on to the lateral malleolus. This border gives attachment to the 
anterior fibular intermuscular septum which separates the extensor muscles 
on the front of the leg from the Peronseus longus and Peronseus brevis on the 
lateral side 

The anteromedial border , or interosseous crest , is on the medial side of the 
anterolateral border ; it runs close to and nearly parallel with the upper one- 
third of this border, but diverges from its lower two-thirds. It begins above 
just below the head of the bone, and is sometimes quite indistinct for about 
2*5 cm. ; it ends at the a$ex of a rough triangular surface which is situated 
above the articular facet of the lateral malleolus. It serves for the attachment 
of the crural interosseous membrane (fig. 434) which separates the extensor 
muscles in front from the flexor muscles behind. 

The posterolateral border is prominent ; it begins above at the styloid 
process of the head and ends below in the posterior border of the lateral 
malleolus. It is directed lateralwards above, backwards in the middle of its 
course, backwards and a little medialwards below, and gives attachment to 
the posterior fibular intermuscular septum which separates the Peronsei on the 
lateral side from the Soleus and Flexor hallucis longus behind. 

The posteromedial border , sometimes called the oblique line , begins above 
at the medial side of the head and ends by joining the interosseous crest at 
the lower part of the bone ; it is well marked and prominent in its upper and 
middle parts. It gives attachment to an aponeurosis which separates the 
Tibialis posterior from the Soleus and Flexor hallucis longus. 
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The anterior surface is the interval between the anterolateral and antero- 
medial borders. It is narrow and flat in the upper one-third of its extent ; 
broader and grooved longitudinally in its lower one-third ; it serves for the 
origin of the Extensor digitorum longus, Extensor hallucis longus, and Peronseus 
tertius. 

The posterior surface is between the posterolateral and posteromedial 
borders ; it is continuous below with the triangular area above the articular 
surface of the lateral malleolus, and is directed backwards above, and medial- 
wards below. Its upper one-third is rough for the origin of the Soleus ; its 
lower part, triangular in shape, is connected to the tibia by a strong interosseous 
ligament ; the intervening part gives origin to a portion of the Flexor hallucis 
longus. Near the middle of this surface is the orifice of the nutrient canal, 
which is directed downwards. 


Fig. 435. — The lower end of uhe right 
fibula. Medial aspect. 



Fig. 436. — A plan of the ossification 
of the fibula. From three centres. 
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Lower end 


The medial surface , between the anteromedial and posteromedial borders, 
gives origin to part of the Tibialis posterior. 

The lateral surface , between the anterolateral and posterolateral borders, 
is broad and often deeply grooved. It is directed lateral wards in its upper 
two-thirds, and backwards in its lower one-third, where it is continuous with 
the posterior border of the lateral malleolus. The upper part of this surface 
gives origin to the Peronsei longus et brevis ; the lower part is covered by the 
tendons of these muscles. 

The lower end of the fibula, or lateral malleolus , is of a pyramidal form, 
and somewhat flattened from side to side ; it descends to a lower level than 
the medial malleolus. The lateral surface is convex, and continuous with the 
triangular, subcutaneous surface on the lateral side of the body of the bone. 
The medial surface (fig. 435) presents in front a smooth triangular surface, 
convex from above downwards, which articulates with the lateral side of the 
talus. Behind and distal to the articular surface is a rough depression for the 
attachment of the posterior talofibular ligament. The anterior border is thick 
and rough, and marked below by a depression for the attachment of the anterior 
talofibular ligament. The posterior border is broad, and presents a shallow. 
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vertical groove which is traversed by the tendons of the Peronaei longus et 
brevis. The summit is rounded, and gives attachment to the calcaneofibular 
ligament. 

Ossification. — The fibula is ossified from three centres (fig. 436) : one for the 
body, and one for either end. Ossification begins in the body about the eighth 
week of foetaJ life, in the lower end during the second year, and in the upper about 
the fourth year. The lower epiphysis, the first to ossify, unites with the body 
about the twentieth year ; the upper about the twenty-fifth year. 

Applied Anatomy . — In fractures of the bones of the leg, both bones are generally 
involved, but either bone may be broken separately, the fibula more frequently than the 
tibia. When fracture occurs from indirect force, the break in the tibia is at the junction 
of the middle with the lower one-third, or weakest part of the bone, while the fracture of 
the fibula is usually at a rather higher level. These fractures present great variety, both 
as regards their direction and condition. They may be oblique, transverse, longitudinal, 
or spiral. When oblique, they are for the most part the result of indirect violence, and 
the direction of the fracture is downwards, forwards, and medialwards in many cases, but 
may be downwards and lateralwards, or downwards and backwards. When transverse, 
the fracture is often at the upper part of the bone, and is the result of direct violence. 
The spiral fracture of the tibia generally starts as a vertical fissure, involving the ankle- 
joint, and is associated with fracture of the fibula higher up. It is the result of torsion, 
from twisting of the body while the foot. is fixed. 

Fractures of the tibia alone are almost always the result of direct violence, except 
where the malleolus is broken off by twists of the foot. Fractures of the fibula alone may 
arise from indirect or direct force, those of the lower end being usually the result of the 
former, and those higher up being caused by a direct blow on the part; the common 
peronaeal nerve, where it winds round the neck of the fibula, may be injured at the time 
of the fracture, or subsequently by ill-applied splints. 

The tibia is the bone which is most commonly and most extensively distorted in 
rickets. It bends at the junction of the middle and lower third, its weakest part, and 
presents a curve forwards with generally some lateral displacement. 

The tibia is more often the seat of acute infective necrosis than any other bone in the 
body, and with the formation of the sequestrum a large amount of new bony material is 
thrown out by the periosteum. The sequence of events in this disease can be very closely 
followed in the case of the tibia, and it is not uncommon, to find a patient from whom 
the whole diaphysis of the tibia has been removed, going about with a new bone entirely 
of periosteal formation. Chronic bone abscess is more frequently met with in the 
cancellous tissue of the head or lower end of the tibia than in any other bone in the 
body. These abscesses are very chronic, and in most cases the result of tuberculous 
ostitis, although they are sometimes due to the organisms of suppuration or even the 
bacillus typhosus. 


The Patella 


The patella (figs. 437, 438), the largest of the sesamoid bones, is situated 
in front of the knee-joint in the tendon of the Quadriceps femoris. It is 
flat and triangular, and has an anterior and a posterior surface, three borders, 
and _an apex. 

Fig. 437. — The right patella. Fig. 438. — The right patella. 


Anterior aspect. 


Posterior aspect. 


The anterior surface. 
is convex, perforated by 
apertures for the passage 
of nutrient vessels, and 
marked by numerous 
rough, longitudinal striae. 

It is separated from the 
skin by a bursa and is 
covered, in the recent 
state, by an expansion 
from the tendon of the 
Quadriceps femoris ; this 
expansion is continuous 
below with the super- 
ficial fibres of the ligamentum patellae. The posterior surface presents above 
a smooth, oval, articular area, divided into two facets by a vertical ridge ; 
the ridge corresponds to the groove on the patellar surface of the femur, and 
the facets to the medial and lateral parts of the same surface: the lateral 
facet is the broader and deeper. Below the articular surface is a rough. 
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convex, non-articular area, the lower part of which gives attachment to the 
ligamentum patellae. 

The base or superior border is thick, and sloped from behind, downwards, 
and forwards : it gives attachment, except near its posterior margin, to that 
portion of the Quadriceps femoris which is derived from the Rectus femoris and 
Vastus intermedius. The medial and lateral borders are thinner and converge 
below : they give attachment to those portions of the Quadriceps femoris 
which are derived from the Vasti medialis et lateralis. Near the junction 
of the superior and lateral borders is a small shallow circular depression into 
which a part of the tendon of the Vastus lateralis is inserted. 

The apex is pointed, and gives attachment to the ligamentum patellae. 

Structure. — The patella consists of a nearly uniform dense spongy substance, 
covered by a thin compact lamina. The cancelli immediately beneath the anterior 
surface are arranged parallel with it. In the rest of the bone they radiate from 
the articular surface towards the other parts of the bone. 

Ossification!— -The patella is ossified from a single centre, which usually makes 
its appearance in the second or third year, but may be delayed until the sixth year. 
Ossification is completed about the age of puberty. 

Applied Anatomy .-— Fractures of the patella are of frequent occurrence. They are 
most often produced by muscular action — that is to say, by violent contraction of the 
Quadriceps femoris while the limb is in a position of semiflexion, so that the bone is 
snapped across the condyles of the femur and the fracture is transverse. Fracture of the 
patella is also produced by direct violence, such as falls on the knee, and here the fracture 
is usually stellate and the bone comminuted. In fractures by muscular action the medial 
and lateral retinacuiar fibres of the articular capsule of the knee-joint are torn, and 
separation of the fragments takes place. When the fracture is caused by direct violence 
these retinacuiar fibres are not torn, and the fragments remain in contact. In fractures 
by muscular action the fibrous expansion of the Quadriceps femoris which passes over the 
front of the patella to the ligamentum patellae is torn from the front of the lower fragment 
and falls as a veil over the fracture-surface of the upper fragment. Owing to (1) the 
condition just described, (2) the displacement of the fragments, and (3) the difficulty of 
maintaining the latter in apposition, union takes place by fibrous tissue which may 
subsequently stretch, producing wide separation of the fragments and permanent lame- 
ness. Really satisfactory results after this fracture are generally only to be obtained by 
opening the joint, removing the overhanging aponeurosis, and wiring the fragments 
together. 

If the fracture involve only the lower and non-articular part of the bone, it is an 
anatomical possibility for such to take place without injury to the synovial stratum and 
without involving the cavity of the knee-joint. 


THE SKELETON OF THE FOOT 

The skeleton of the foot (figs. 439, 440) consists of three segments : the 
tarsal bones, the metatarsal bones, and the phalanges or bones of the digits. 


The Tarsal Bores (Ossa Tarsi) 

The tarsal bones are seven in number : viz. the talus, calcaneus, navicular, 
first, second, and third cuneiforms, and the cuboid. 


The Talus (figs. '441 to 441) 

The talus (astragalus), the second largest of the tarsal bones, supports 
the tibia and rests on the calcaneus ; it articulates on either side with the 
corresponding malleolus, and in front with the navicular bone. It consists 
of a head, neck, body, and trochlea. 

The head of the talus is directed forwards and medialwards. Its anterior 
or navicular surface is oval and convex, with its long axis running downwards 
and medialwards ; it articulates with the concavity of the navicular bone. 
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Fig. 439. — The bones of the right foot. Dorsal aspect. 
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The interndl surface (fig. 409) of the ala is bounded above by the crest ; 
below by the arcuate line ; in front and behind by the anterior and posterior 
borders. The tendon of the Psoas minor is inserted into the arcuate line. 
The anterior part of the internal surface, smooth and concave, is termed the 
iliac fossa ; it gives origin to the Iliacus, and is perforated posteriorly by a 
nutrient canal. Behind the iliac fossa is a rough surface, divided into a superior 
and an inferior portion. The inferior portion or auricular surface, so called 
from its resemblance in shape to the auricula or pinna, articulates with a 
similar surface on the side of the sacrum. The superior portion, known as the ' 
iliac tuberosity , is elevated and rough, for the attachment of the short posterior 
sacro-iliac ligament ; it is continuous above and behind with the inner lip 
of the iliac crest, and here it gives origin to the Sacrospinalis. Below and 
in front of the auricular surface is the pre-auricular sulcus , more commonly 
present and better marked in the female than in the male ; the pelvic portion 
of the anterior sacro-iliac ligament is attached to this sulcus. 

The crest of the ilium is convex in its general outline but is sinuously curved, 
being concave inwards in front, and outwards behind. It is thinner at the 
middle than at the extremities, and it ends in the anterior and posterior superior 
iliac spines. The surface of the crest is divided into an external and an internal 
lip, and an intermediate line ; there is a prominent tubercle on the external 
lip about 5 cm. behind the anterior superior iliac spine. To the external lip 
are attached, from before backwards, the Tensor fasciae latae, Obliquus 
externus abdominis, and Latissimus dorsi, and along its whole length the 
fascia lata ; to the intermediate line the Obliquus internus abdominis ; to 
the internal lip, the Transversus abdominis, Quadratus lumborum, Sacro- 
spinalis, Iliacus, and the fascia iliaca. 

The anterior border of the ala presents two projections, separated by a notch. 
The upper projection, at the junction of the crest and anterior border, is called 
the anterior superior iliac spine ; its outer border gives attachment to the fascia 
lata and the Tensor fasciae latae ; its inner border, to the Iliacus ; its extremity 
affords attachment to the inguinal ligament, and origin to the Sartorius. Beneath 
this spine is a notch from which the Sartorius takes origin and across which 
the lateral femoral cutaneous nerve passes. Below the notch is the anterior 
inferior iliac spine which gives attachment to the straight tendon of the Rectus 
femoris and to the iliofemoral ligament of the hip-joint. Medial to the anterior 
inferior iliac spine is a broad, shallow groove, over which the Iliacus descends 
into the thigh. This groove is bounded medially by the iliopectineal eminence , 
which marks the union of the ilium and the os pubis. 

The posterior border of the ala, shorter than the anterior, also presents two 
projections, the posterior superior and posterior inferior iliac spines, separated 
by a notch. The former serves for the attachment of the long posterior sacro- 
iliac ligament ; the latter corresponds with the posterior end of the auricular 
surface. Below the posterior inferior spine is a deep notch, the greater sciatic 
notch. 

The ischium (os ischii) forms the lowest part of the hip-bone. It is divisible 
into a body and a superior and an inferior ramus. 

The body of the ischium enters into and constitutes a little more than 
two-fifths of the acetabulum. Its external surface forms a part of the lunate 
surface of the acetabulum and a portion of the acetabular fossa. Its internal 
surface is a part of the wall of the lesser pelvis, and gives origin to some fibres 
of the Obturator internus. Its posterior surface is convex, and covered by 
the Piriformis muscle. Its antero-inferior border is thin, and forms a part 
of the boundary of the obturator foramen ; it ends above at the acetabular 
notch, where it frequently presents a small tubercle, the posterior obturator 
tubercle. Its lateral border forms the posterior part of the rim of the acetabulum ; 
from its medial border a pointed triangular eminence, the ischial spine , extends 
backwards and medialwards. The external surface of this spine gives attach- 
ment to the Gemellus superior ; its internal surface to the Coccygeus, Levator 
ani, and the pelvic fascia ; its pointed extremity to the sacrospinous ligament. 
Above the spine is the greater sciatic notch , converted into a foramen by the 
sacrospinous ligament ; this foramen transmits from the pelvis the Piriformis 
muscle, the superior and inferior glutseal vessels and nerves, the sciatic and 
posterior femoral cutaneous nerves, the internal pudendal vessels and pudendal 
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On the plantar surface of the head are three articular areas (fig. 442). The 
largest and ‘hindmost, termed the middle calcaneal surface, articulates with the 
dorsal surface of the sustentaculum tali. Anterior and lateral to this surface, 
and as a rule continuous with it, is the anterior calcaneal surface, quadrilateral 


Fig. 441. — The left talus. . Dorsal aspect. 



Fig. 442. — The left talus. Plantar aspect. 
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or irregularly oval in shape, for articulation with the anterior part of the dorsal 
surfacf of the calcaneus. Sometimes the anterior and middle 
surfaces are wholly or partly discontinuous. Medial to the anterior calcaneal 
surface is a triangular, convex area, which extends on to the ^medial side _o E e 

head ; it rests on the inferior calcaneonavicular ligament and on the anterior 
part of the deltoid ligament of the ankle-joint. 
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The neck of the talus is the constricted part connecting the head with the 
body. Its dorsal and medial surfaces are rough and perforated by foramina 
for vessels. The dorsal surface gives attachment to the talonavicular ligament, 
and a depression on it, immediately in front of the trochlea, receives the anterior 
edge of the lower end of the tibia when the foot is flexed at the ankle-joint. 
The lateral surface is narrow, concave, and continuous with the plantar surface , 
which consists of the sulcus tali , a deep groove, wide in front and narrow behind, 
and directed forwards and lateralwards ; in the articulated foot the sulcus tali 
overlies the sulcus calcanei and the two sulci form the sinus tarsi , a tunnel 
which is filled, in the recent condition, with the interosseous talocalcaneal 
ligament. 

Fig. 443.— The left talus. Medial aspect. 
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The body of the talus is the cuboidal posterior part of the bone, and from 
its dorsal surface the articular eminence termed the trochlea projects (fig. 441). 
The dorsal surface of the trochlea articulates with the lower end of the tibia ; 
it is broader in front than behind, convex from before backwards, and slightly 
concave from side to side. Its medial margin is straight, but its lateral is 
curved and inclines medialwards posteriorly where it usually expands into a 
small triangular facet * which comes into contact with the inferior transverse 
ligament of the ankle-joint during flexion of that articulation. The medial 
surface of the trochlea articulates with the medial malleolus : it is pear-shaped, 
with the blunt end directed forward (fig. 443). Below this surface is a rough, 
depressed area on the body of the bone for the attachment of the deep part of 
the deltoid ligament of the ankle-joint. The lateral surface of the trochlea 
articulates with the lateral malleolus ; it is concave Vertically, and triangular 
in outline with its apex downwards (fig. 444). Below the apex, the body of 

* E. Fawcett, Edinburgh Medical Journal , 1895. 
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the talus projects as a rough, triangular eminence, named the lateral process ; 
to it the lateral talocalcaneal ligament is attached. In front of the articular 
surface for the lateral malleolus is a rough impression for the anterior talo- 
fibular ligament, while below and behind it is a groove in which a part of 
the posterior talofibular ligament is implanted. 

On the plantar surface of the body (fig. 442) is the posterior calcaneal surface , 
which is large in size and oval in form for articulation with the dorsal surface 
of the calcaneus. It is limited in front by the sulcus tali and is deeply concave 
in the direction of its long axis, which runs forwards and lateralwards at an 
angle of about 45° with the median plane.* 

The posterior surface of the body is small, and projects backwards as the 
posterior process ; it is traversed in a direction downwards and medialwards 
by a sulcus for the tendon of the Flexor hallucis longus (fig. 441). On either 
side of this sulcus is a tubercle. That on the lateral side is the more pro- 
minent and gives attachment to the main part of the posterior talofibular 
ligament ; it is sometimes detached from the rest of the bone, and is then 
known as the os trigonum . To the smaller medial tubercle the medial 
talocalcaneal ligament is attached. 


The Calcaneus (figs. 445 to 448) 

The calcaneus (os calcic) is the largest of the tarsal bones. It is situated at 
the lower and posterior part of the foot, and forms a strong lever for the 
muscles of the calf. It is irregularly cuboidal in shape, having its long axis 
directed forwards and lateralwards. 


Fig. 445. — The left calcaneus. Dorsal 
aspect. 
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Fig. 446. — The left calcaneus. Plantar 
aspect. 
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The dorsal surface (fig. 445) consists of a posterior non-articular and an 
anterior articular part. The former varies in length in different individuals, 
is convex from side to ! side, concave from before backwards, and supports a 

* R. B. S. Sewell (« Journal of Anatomy and Physiology , vol. xxxviii. ) pointed out that in about 
10 per cent, of bones a small triangular facet, continuous with the posterior calcaneal facet, is 
present at the junction of the lateral surface of the body with the posterior wall of the sulcus tali. 
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mass of fat placed in front of the tendo calcaneus. In front of this area is the 
'posterior articular surface , a large, usually somewhat oval-shaped facet, which 
looks upwards and forwards ; it is convex from behind forwards, and articulates 
with the posterior calcaneal facet on the plantar surface of the talus. It is 
bounded anteriorly by a deep depression which is continued backwards and 
medialwards in the form of a groove, the sulcus calcanei ; in the articulated 
foot this sulcus lies below the sulcus tali, and the two sulci form a tunnel, the 
sinus tarsi, already referred to (p. 338). In front and medial to this sulcus 
is an elongated facet, concave from behind forwards, and with its long 
diameter directed forwards and lateralwards. This facet is frequently divided 
into two parts : of these, the posterior and larger is termed the middle articular 
surface ; it is supported on a projecting process of bone, the sustentaculum tali , 
and articulates with the middle calcaneal facet on the plantar surface of the 
talus ; the anterior and lesser, termed the anterior articular surface , is placed 
on the front part of the body, and articulates with the anterior calcaneal facet 
on the plantar surface of the talus. The dorsal surface, anterior and lateral 
to the facets, is rough for the attachment of ligaments and for the origin of 
the Extensor digitorum brevis. 


Fig. 447. — The left calcaneus. Lateral aspect. 



Lateral process* 

Tuberosity 


The plantar surface (fig.. 446) is uneven, wider behind than in front, and 
convex from side to side ; it is bounded posteriorly by the lower part of the 
calcaneal tuberosity, which presents a medial and a lateral process ; the lateral 
process , small, prominent, and rounded, gives origin to part of the Abductor 
digiti quinti ; the medial process , broader and larger, gives attachment, by 
its prominent medial margin, to the Abductor hallucis, and in front to the 
plantar aponeurosis and the Flexor digitorum brevis ; from the depression 
between the processes a part of the Abductor digiti quinti takes origin. The 
rough surface in front of the processes gives attachment to the long plantar 
ligament and the lateral head of the Quadratus plantae ; to a prominent tubercle 
near th» anterior part of this surface and to a transverse groove in front of the 
tubercle, the plantar calcaneocuboid ligament is attached. 

The lateral surface (fig. 447) is broad behind, and narrow in front, flat and 
almost subcutaneous ; near its centre is a small tubercle, for the attachment 
of the calcaneofibular ligament. Below and in front of this tubercle is a ridge, 
the trochlear process (peronssal tubercle), which is often indistinctly marked. 
It gives attachment to the inferior peronseal retinaculum, and separates two 
grooves the superior groove transmits the tendon of the Peronseus brevis ; 
the inferior, that of the Per on seus longus. 

The medial surface (fig. 448) is directed obliquely downwards and forwards, 
and is deeply concave ; above the anterior part of the concavity is a shelf -like 
projection, the sustentaculum tali. The dorsal surface of the sustentaculum tali 
is concave, and articulates with the middle calcaneal articular surface of the 
talus; its plantar surface is grooved for the tendon of the Flexor hallucis 
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longus ; the narrow, medial surface is overlaid by the tendon of the Flexor 
digit orum longus, and is grooved near its upper margin for the attachment 
of a part of the deltoid ligament of the ankle-joint. The anterior margin of the 
sustentaculum tali gives attachment to the plantar calcaneonavicular ligament. 

The anterior extremity or articular surface for the cuboid bone is of a somewhat 
triangular form. It is concave from above downwards and lateral wards, and 
convex in a direction at right angles to this. Its medial border gives attachment 
to the plantar calcaneonavicular ligament. 


Fig. 4t8. — The left calcaneus. Medial aspect. 
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The posterior extremity or calcaneal tuberosity is prominent, convex, wider 
below than above, and divisible into three areas. The lowest of these areas is 
rough, and covered by the fatty and fibrous tissue of the heel ; the middle, 
also rough, gives insertion to the tendo calcaneus and Plantaris ; while the 
highest is smooth, and is covered by a bursa which intervenes between this part 
of the tuberosity and the tendo calcaneus . The plantar surface of this tuberosity 
displays the medial and lateral processes already described (p. 340). 


The Naviculab Bone (Os Navictjlabe Pedis) 

The navicular bone (fig. 449) is situated at the medial side of the tarsus, 
between the talus behind and the cuneiform bones in front. 

The anterior surface is convex from side to side, and subdivided by two 
ridges into three facets, for articulation with the three cuneiform bones. The 


Fig. 449. — The left navicular bone. a. Anterior aspect, b. Posterior aspect. 
For 2nd cuneiform bone 



Occasional facet for cuboid bone 


posterior surface, oval and concave, articulates with the anterior surface of the 
head of the talus. The dorsal surface is convex from side to side, and rough 
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is broader, and extends farther proximahvards on the volar than on the dorsal 
surface, and its transverse diameter is the shorter. On either side of the 
head is a deep depression, and behind this a tubercle for the attachment of 
one of the collateral ligaments of the metacarpophalangeal joint. The dorsal 
surface, broad and flat, supports the extensor tendons ; the volar surface is 
grooved for the flexor tendons, and marked on either side by an articular 
eminence continuous with the terminal articular surface. 


The Characteristics oe the Individual Metacarpal Bones 


The first metacarpal bone (fig. 402), shorter and stouter than the others, 
diverges from the second, and its volar surface is directed medialwards. The 
body is flattened and broad on its dorsal surface, 
and does not present the ridge which is found Fig, 
the other metacarpal bones ; its volar 


on 


402, — The first left meta- 
carpal bone. 


surface is concave from above downwards. 

The Opponens pollicis is inserted into its radial 
border ; the lateral head of the first Interosseus 
dorsalis arises from its ulnar border. The base 
presents a concavoconvex surface, for articula- 
tion with the greater multangular bone ; it has 
no facets on its sides, but on its lateral side is a 
tubercle for the insertion of the Abductor 
pollicis longus. The head is less convex than 
the heads of the other metacarpal bones, and 
is broader from side to side than from before 
backwards. On its volar surface are two 
articular eminences, of which the lateral is the 
larger ; on these surfaces sesamoid bones 
glide. 

The second metacarpal bone (fig. 403) is 
the longest, and its base the largest, of the four 
remaining bones. Its base is deeply grooved, 
and medial to the groove is a prominent ridge. The base presents four articular 
facets : three on the proximal, and one on the medial surface. Of the facets 
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Fig. 403. — The second left meta- 
carpal bone. 


Fig. 404. — The third left meta- 
carpal bone. 
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The anterior surface , triangular in form, articulates with the base of the 
second metatarsal bone. The posterior surface , also triangular, articulates 
with the intermediate facet on the anterior surface of the navicular bone. 
On the medial surface is an L-shaped facet, running along the superior and 
posterior borders, for articulation with the first cuneiform bone ; the rest 
of the surface is rough for the attachment of ligaments. The lateral surface 
presents posteriorly a vertical facet for articulation with the third cuneiform 
bone. The dorsal surface or base of the wedge is quadrilateral and rough 


Fig. 451. — The second left cuneiform bone. 

a. Anteromedial aspect, b. Posterolateral aspect. 
For 1st cuneiform bone 



For 2nd metatarsal bone 



For 3rd cuneiform bone 


for the attachment of ligaments. The plantar surface , sharp and tuberculated, 
is also rough for the attachment of ligaments, and for the insertion of a slip 
from the tendon of the Tibialis posterior. 

The third cuneiform bone (os cuneiforme tertium) (fig. 452) has its base 
directed upwards ; it is placed between the second cuneiform and cuboid 
bones. 

The anterior surface , triangular in form, articulates with the base of the third 
metatarsal bone. The posterior surface articulates with the lateral facet on the 
anterior surface of the navicular bone, and is rough below for the attachment 
of ligamentous fibres. The medial surface presents an anterior and a posterior 
articular facet : the anterior, sometimes divided into two, articulates with the 
lateral side of the base of the second metatarsal bone ; the posterior skirts the 
posterior border, and articulates with the second cuneiform bone ; the inter- 
vening rough area gives attachment to an interosseous ligament. The lateral 
surface also presents two articular facets ; the anterior one, situated at the 


Fig. 452.— The third left cuneiform bone. a. Anterolateral aspect. 
b. Posteromedial aspect. 



superior angle of the bone, is small and semi-oval in shape, and articulates with 
the medial side of the base of the fourth metatarsal bone ; the posterior and 
larger one is triangular or oval, and articulates with the cuboid bone ; the 
intervening, rough, non-articular area serves for the attachment of an inter- 
osseous ligament. The dorsal surface or base of the wedge is of an oblong 
form, its posterolateral angle being prolonged backwards. The plantar surface 
is narrow and rounded, and serves for the attachment of ligaments and parts 
of the tendons of the Tibialis posterior and Flexor hallucis brevis. 
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The Cuboid Bone (Os Cuboideum) 

The cuboid bone (fig. 453) is placed on the lateral side of the foot, in front 
of the calcaneus, and behind the fourth and fifth metatarsal bones. 


IfG. 453. — The left cuboid bone. A. Anteromedial aspect, b. Posterolateral aspect. 
For 3rd cuneiform bone For J^th metatarsal bone 



The dorsal surface ,* directed upwards and lateralwards, is rough for the 
attachment of ligaments. The 'plantar surface is crossed in front by a deep 
groove, the peronceal sulcus , which runs obliquely forwards and medialwards ; 
it lodges the tendon of the Peronaeus longus, and is bounded behind by a 
prominent ridge, to which the long plantar ligament is attached. The ridge 
ends laterally in the tuberosity , the lateral part of which carries an oval facet ; 
on this facet the sesamoid bone or cartilage which is frequently found in the 
tendon of the Peronseus longus glides. Behind the peronseal sulcus the bone 
is rough, for the attachment of the plantar calcaneocuboid ligament, a few fibres 
of the Flexor hallucis brevis, and a fasciculus from the tendon of the Tibialis 
posterior. On the lateral surface is a deep notch which marks the commence- 
ment of the peronseal sulcus. The posterior surface is smooth, triangular, and 
concavoconvex, for articulation with the anterior surface of the calcaneus ; its 
plantar, medial angle projects backwards as a process Avhich * underlies and 
supports the anterior end of the calcaneus. The anterior surface is divided by 
a vertical ridge into two facets ; the medial, quadrilateral in form, articulates 
with the fourth metatarsal bone ; the lateral, triangular, with the fifth. The 
medial surface is irregularly quadrilateral, and at its middle and dorsal part 
is a smooth oval facet, for articulation with the third cuneiform bone ; behind 
this a small facet for articulation with the navicular bone is frequently present ; 
the rest of this surface is rough for the attachment of interosseous ligaments. 


The Metatarsal Bones (Ossa Metatarsi) 

The metatarsal bones, five in number, are enumerated from the medial 
side of the foot. 


The Common Characteristics of the Metatarsal Bones 

Each metatarsal bone has a body, a base or proximal end, and a head or 
distal end. 

The body of each bone is prismoid in form ; it tapers gradually from the base 
to the head, and is slightly convex longitudinally on its dorsal surface. 

The base articulates with the tarsus, and with the contiguous metatarsal 
bones. 

The head articulates with the proximal phalanx by a convex articular 
surface which extends farther backwards on the plantar than on the dorsal 
surface ; the plantar extension ends on either side on the summit of a slight 
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articular eminence. The sides of the head are flattened and on each is a 
depression surmounted by a tubercle for the attachment of one of the collateral 
ligaments of the metatarsophalangeal joint. 


The Characteristics of the Individual Metatarsal Bones 

The first metatarsal bone (fig. 454) is the shortest and thickest of the 
metatarsal bones. The body is strong, and of well-marked prismoid form. 
The base has, as a rule, no articular facets on its sides, but there is occasionally 
one on the lateral side for articulation with the second metatarsal bone. Its 
proximal articular surface, of large size and kidney-shaped, articulates with the 
first cuneiform bone ; its circumference is grooved, for the tarsometatarsal 
ligaments, and medially gives insertion to a part of the tendon of the Tibialis 
anterior ; its plantar angle presents a rough, oval prominence for the insertion 
of the tendon of the Peronseus longus. The head is large ; on its plantar 
surface is a median elevation separating two grooved facets on which sesamoid 
bones glide. 


Fig. 454. — The first left metatarsal bone. Fig. 455. — The second left metatarsal bone. 
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The second metatarsal bone (fig. 455) is the longest of the metatarsal 
bones. On its wedge-shaped base are four articular facets : one on its proximal 
surface, of a triangular form, for articulation with the second cuneiform bone ; 
one at the upper part of its medial surface, for articulation with the first 
cuneiform bone ; and two on its lateral surface, an upper and lower, separated 
by a rough non-articular interval. Each of these lateral articular surfaces is 
divided by a vertical ridge ; the two anterior facets articulate with the third 
metatarsal bone ; the two posterior (sometimes continuous) with the third 
cuneiform bone. A fifth facet is occasionally present for articulation with the 
first metatarsal bone ; it is oval in shape, and is situated on the medial side 
of the base, distal to the facet for the first cuneiform bone. 

The third metatarsal bone (fig. 456) has a triangular base which articu- 
lates proximally with the third cuneiform bone ; medially it articulates by two 
facets with the second metatarsal bone ; and laterally, by a single facet situated 
at the dorsal angle, with the fourth metatarsal bone. 
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The fourth metatarsal bone (fig. 457) is smaller than the third. On the 
proximal surface of its base is an oblique quadrilateral facet for articulation 

Fig. 456. — The third left metatarsal bone. Fig. 457. — The fourth left metatarsal bone. 




with the cuboid bone ; on its lateral side a single facet, for the fifth metatarsal 
bone ; on its medial side a facet divided by a ridge into an anterior portion for 

the third metatarsal bone, and a posterior 
Fig. 458.— The fifth left metatarsal portion for the third cuneiform bone. 

bone. The fifth metatarsal bone (fig. 458) is 




recognised by a rough eminence, the tubero- 
sity, on the lateral side of its base. The 
base articulates proximally, by a triangular, 
obliquely cut surface, with the cuboid bone ; 
and medially, with the fourth metatarsal 
bone. On the medial part of its dorsal 
surface is inserted the tendon of the 
Peronseus tertius, and on the dorsal surface 
of the tuberosity that of the Peronseus brevis. 
A strong band of the plantar aponeurosis 
connects the projecting part of the tuberosity 
with the lateral process of the tuberosity of 
the calcaneus. The plantar surface of the 
base is grooved for the tendon of the Abduc- 
tor digiti quinti, and gives origin to the 
Flexor digiti quinti brevis. 


The Phalanges oe the Foot (Phalanges 
Digitortjm Pedis) 


metatarsal For cuboid Tuberosity 

1)011(1 hom The phalanges of the foot correspond 

in number and general arrangement with 
those of the hand ; there are two in the great toe, and three in each of the other 
toes. They are, however, much smaller, and their bodies, especially those of 
the bones of the first row, are compressed from side to side. 
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The phalanges of the first row closely resemble those of the hand. The 
body of each is compressed from side to side, convex above, concave below. 
The base is concave for articulation with the head of the corresponding meta- 
tarsal bone, and on the head is a trochlear surface for articulation with the 
second phalanx. 

The phalanges of the second row are remarkably small and short, but 
rather broader than those of the first row. 

The ungual phalanges resemble those of the fingers ; but they are smaller, 
and are flattened from above downwards ; each presents a broad base for 
articulation with the corresponding bone of the second row, and an expanded 
distal extremity for the support of the nail and the end of the toe. 


Ossification of the Bones of the Foot (fig. 459) 

The tarsal hones are each ossified from a single centre, excepting the calcaneus 
which has an epiphysis for its tuberosity. The centres make their appearance as 


Fig-. 459. — A plan of the ossification of the bones of the foot. 
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follows : in the calcaneus, at the sixth month of foetal life ; in the talus, about the 
■seventh month ; in the cuboid, at the ninth month ; in the third cuneiform, during 
the first year ; in the first cuneiform, during the third year ; in the second cuneiform 
and navicular, during the fourth year. The epiphysis for the tuberosity of the 
calcaneus begins to ossify between the sixth and tenth years, and unites with the 
zest of the bone soon after puberty. The lateral tubercle of the posterior process 
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of the talas is sometimes ossified from an independent centre, and may remain 
separate from the rest of the bone, when it is named the os triqonum. 

metatarsal bones are each ossified from two centres : ' a primary centre for 
the body, and a secondary or epiphysial centre for the base or proximal end of the 
first, and for the head or distal end of each of the other four * Ossification beams 
in the middle of the body about the eighth or ninth week of foetal life. The epiphysis 
for the base of the first metatarsal appears about the third year ; those for the 
i? aC -L j • °^ er metatarsals between the third and fourth years ; all unite with 
the bodies between the seventeenth and twentieth years. An epiphysis is fre 
quently present on the tuberosity of the base of the fifth metatarsal bone (Holland).f 
ihe phalanges are each ossified from two centres : a primary one for the bodv 
and an epiphysis for the base. The primary centres for the ungual phalange's 
appear about the eighth week of foetal life ; those for the first phalanges betwfen 
the twelfth and sixteenth weeks, and those for the second phalanges after the 
sixteenth week (that for the second phalanx of the fifth toe does not usually appear 
until after birth).. The epiphysial centres appear between the third and sixth 
years, and unite with the bodies about the seventeenth or eighteenth year. 


Comparison op the Bones or the Hand and Foot 

• x- T ^ e ^ an<i f ? ot are consteu cted on somewhat similar principles, each con- 
sisting of a proximal part, the carpus or tarsus, an intermediate portion, the meta- 


Fig. 460. The skeleton of the left foot. Medial aspect. 




carpus °r metatarsus, and a distal portion, the phalanges. The proximal part 
consists of a series of more or less cubical bones which allow a slight amount of 

to or from the bones of thf arm ofrHg 7 

oftenlVecond f ° 0tnote > P a S e 306 )> ** the first metatarsal, there is 

t c. Thnrstan Holland, Journal of Anatomy, vol. lv., 1921. 



COMPARISON OP RONES OF HAND AND FOOT 


349 


movable long bones which assist the carpus or tarsus in distributing forces and 
also give greater breadth for the reception of such forces. The separation of the 
individual bones from one another allows of the attachments of the interosseous 
muscles and protects the dorsipalmar and dorsiplantar vascular anastomoses. 
The distal portion is the most movable, and its separate elements enjoy a varied 
range of movements, the chief of which are flexion and extension. 

The functions of the hand and foot are, however, very different, and the general 
similarity between them is greatly modified to meet these requirements. Thus the 
foot forms a firm basis of support for the body in the erect posture, and is therefore 
more solidly built, and its component parts are less movable on each other than 
those of the hand. In the case of the phalanges the difference is readily noticeable ; 
those of the foot are smaller and their movements more limited than those of the 
hand. Very much more marked is the difference between the metacarpal bone of 
the thumb and the metatarsal bone of the great toe. The metacarpal bone of the 
thumb is constructed to permit of great mobility ; it is directed at an acute angle 
from that of the index finger, and is capable of a considerable range of movement 
at its articulation with the carpus. The metatarsal bone of the great toe assists in 
supporting the weight of the body, is constructed with great solidity, lies parallel 
with the other metatarsals, and has a very limited degree of mobility. The carpus 
is small in proportion to the rest of the hand, is placed in line with the forearm, and 
forms a transverse arch, the concavity of which constitutes a bed for the flexor 
tendons. The tarsus forms a considerable part of the foot, and is placed at right 
angles to the leg, a position which is almost peculiar to man, and has relation to his 
erect posture. In order to allow of their supporting the weight of the body with 
the least expenditure of material the tarsus and metatarsus are constructed in 
a series of arches (figs. 460, 461), the disposition of which will be considered 
after the articulations of the foot have been described. 

Applied Anatomy. — Considering the injuries to which the foot is subjected, it is sur- 
prising how seldom the tarsal bones are fractured. This is no doubt due to the fact that 
the tarsus is composed of a number of bones, articulated by a considerable extent of 
surface, and joined together by very strong ligaments which serve to break the force of 
violence applied to this part of the body. When fracture does occur, these bones being 
composed for the most part of a soft cancellous structure, covered only by a thin shell of 
compact tissue, are often extensively comminuted, especially as most of the fractures are 
produced by direct violence ; and, as there is only a very scanty amount of soft parts over 
the bones, the fractures are very often compound, and amputation is often necessary. 

"When fracture occurs in the anterior group of tarsal bones, it is almost invariably the 
result of direct violence; but fractures of the posterior group — that is, of the calcaneus 
and talus — are usually produced by falls from a height on to the feet. 

In club-foot (talipes), especially in congenital cases, the bones of the tarsus become 
altered in shape and size, and displaced from their proper positions. This is principally 
the case in congenital talipes equinovarus, in which the head of the talus becomes twisted 
and atrophied, and a similar condition may be present in the other bones, more especially 
the navicular. . 

The tarsal bones are peculiarly liable to become the seat of tuberculous caries following 
ccmurrativc;]'- trivial injuries. Caries of the calcaneus or talus may remain limited to 
the one bone for a long period, but when one of the other bones is affected, the remainder 
frequently become involved, since the disease spreads through the large and complicated 
synovial stratum which is more or less common to these bones. 

Amputation of the foot is often required either for injury or disease. The principal 
amputations are as follows : (1) Syme’s : amputation at the ankle-joint by a heel-flap, 
with removal of the malleoli and sometimes a thin slice from the lower end of the tibia. 

(2) Pirogoff’s : amputation of the whole of the tarsal bones (except the posterior part of 
the calcaneus), and a thin slice from the tibia and fibula including the two malleoli. The 
sawn surface of the calcaneus is then turned up and united to the cut surface of the tibia. 

(3) Subastragalar : amputation of the foot below the talus through the joint between it 

and the calcaneus. ' mi . . . ,, 

The bones of the tarsus occasionally require removal individually. Hus is especially 
the case with the talus for tuberculous disease limited to ^ that bone; or the talus may 
require excision in cases of subastragalar dislocation, or in cases of inveterate talipes. 

The cuboid has been removed for the same reason.. 

The metatarsal bones, and especially that of the great toe, are frequently diseased, 
either in tuberculous subjects or in patients with perforating ulcer of the foot. 
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THE SESAMOID BONES * 

The sesamoid bones are small more or less rounded masses of bone embedded 
in certain tendons and usually related to joint -surfaces. Their functions 
probably are to modify pressure, to diminish friction, and occasionally to alter 
the direction of the pull of a muscle. That they are not developed to meet 
certain physical requirements in the adult is evidenced by the fact that they 
are present as cartilaginous nodules in the foetus, and in greater numbers 
than in the adult. They must be regarded as integral parts of the skeleton 
phylogenetically inherited.! Physical necessities probably come into play in 
selecting and in regulating the degree of development of the original carti- 
laginous nodules. 

Sesamoid bones are invested by the fibrous tissue of the tendons, except 
on the surfaces in contact with the parts over which they glide, where they 
present smooth articular facets. 

In the upper extremity the sesamoid bones of the joints are found only 
on the palmar surface of the hand. Two, of which the medial is the larger, 
are present at the metacarpophalangeal joint of the thumb ; one is frequently 
present in the corresponding joint of the index finger, and one (or two) in 
the same joint of the little finger. Sesamoid bones are found occasionally at 
the metacarpophalangeal joints of the middle and ring fingers, at the inter- 
phalangeal joint of the thumb, and at the distal interphalangeal joint of the 
index finger. 

In the lower extremity the largest sesamoid bone of the joints is the patella, 
developed in the tendon of the Quadriceps femoris. On the plantar aspect 
of the foot, two, of which the medial is the larger, are always present at the 
metatarsophalangeal joint of the great toe ; one sometimes at the meta- 
tarsophalangeal joints of the second and fifth toes, one occasionally at the 
corresponding joints of the third and fourth toes, and one at the interphalangeal 
joint of the great toe. 

Sesamoid bones apart from joints are seldom found in the tendons of the 
upper limb ; one is sometimes seen in the tendon of the Biceps brachii opposite 
the radial tuberosity. They are, however, present in several of the tendons 
of the lower limb — viz. one in the tendon of the Peronseus longus, where it 
glides on the cuboid bone ; one, appearing late in life, in the tendon of the Tibialis 
anterior, opposite the smooth facet of the first cuneiform bone ; one in the 
tendon of the Tibialis posterior, opposite the medial side of the head of the 
talus ; one in the lateral head of the Gastrocnemius, behind the lateral condyle 
of the femur ; and one in the tendon of the Psoas major, where it glides over 
the os pubis. Sesamoid bones are found occasionally in the tendons which 
wind round the medial and lateral malleoli, and one is sometimes present in 
the tendon of the Glutaeus maximus where it passes over the greater trochanter 
of the femur. 

* Consult an article by A. H. Bizarro, Journal of Anatomy , vol. lv., 1921. 
f Thilenius, Morpholog. Arbeiten , v., 1896. 
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T HE bones of the skeleton are connected to one another at different parts 
of their surfaces, and such connexions are termed joints or articulations . 
Where the joints are immovable , as in the articulations of the cranium, the 
opposed margins of the bones are nearly in contact, being separated merely 
by a thin layer of fibrous membrane, named the sutural ligament ; in certain 
regions at the base of the skull this fibrous membrane is replaced by a layer 
of cartilage. Where slight movement combined with great strength is required, 
the opposed osseous surfaces are united by tough and elastic fibrocartilages , as 
in the joints between the vertebral bodies, and in the interpubic articulation. 
In the freely movable joints the opposed surfaces are completely separated 
from one another ; the parts of the bones forming the articulations are expanded 
for greater convenience of mutual connexion, and are covered with hyaline 
articular cartilage , while the joints are enveloped by articular capsules , and are 
usually strengthened by strong fibrous bands called ligaments . 

In long bones the ends are the parts which form the articulations ; they 
are somewhat enlarged, and consist of spongy substance with a thin coating 
of compact substance. In the flat bones the articulations usually take place 
at the edges, and in the short bones at various parts of their surfaces. The 
layer of compact bone which forms the joint surface, and to which the articular 
cartilage is attached, is called the articular lamella ; its lacunae are large, but 
it contains no Haversian canals or canaliculi. The vessels of the spongy 
substance approach the articular lamella but do not perforate it ; this lamella 
is consequently denser and firmer than ordinary bone. 

The articular cartilage which covers the articular surfaces of bones, 
and the fibrocartilage which enters into the structure of some of the joints, 
are described in the section on Histology (pp. 14 to 17). 

The ligaments are composed mainly of parallel or closely interlaced bundles 
of white fibrous tissue , and present a silvery appearance. They are pliant 
and flexible, so as to allow perfect freedom of movement, but strong, tough, and 
inextensible, so as not to yield readily to applied force. Some ligaments consist 
entirely of yellow elastic tissue , as the ligamenta flava which connect together 
the laminae of adjacent vertebrae, and the ligamentum nuchae in the lower 
animals. In these cases the elasticity of the ligament is intended to act as 
a substitute for muscular power. 

The articular capsules form complete envelopes for the freely movable 
joints. Each capsule consists of two strata — an external (stratum fibrosum) 
composed of white fibrous tissue, and an internal (stratum synoviale) which 
is sometimes described separately as the synovial membrane of the joint. 

The stratum fibrosum is attached to the circumferences of the articular 
ends of the bones entering into the joint, and thus entirely surrounds the 
articulation. 

The stratum synoviale invests the inner surface of the stratum fibrosum, 
is reflected over any tendons passing through the joint-cavity, and ceases 
at the margins of the articular cartilages. It is composed of a thin, delicate, 
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connective tissue, and is covered on its free surface with a layer of endothelium. 
In some joints it is thrown into folds which pass across the cavity , as in the 
knee-joint ; in others there are flattened folds, subdivided at their margins 
into fringe-like processes which contain convoluted vessels. These folds 
generally project near the margin of the cartilage, and lie flat upon its surface. 
The endothelium of the stratum synoviaie secretes a small quantity of viscid, 
lubricating fluid, termed synovia. 

Closely related in structure and function to the synovial stratum of the 
articular capsule, and therefore conveniently described in this section, are 
the vaginae mucosas of tendons and the bursae mucosae. 

Vagince mucosae (mucous sheaths) serve to facilitate the gliding of tendons 
in fibro-osseous canals, e.g. the tendons of the flexor and extensor muscles 
of the fingers and toes as they pass through canals in or near the hand and 
foot. Each sheath has the form of an elongated closed sac which lines the 
wall of the canal, and is reflected upon the surface of the enclosed tendon or 
tendons. 

Bursce mucosce are interposed between surfaces which glide upon each other. 
They consist of closed sacs containing a minute quantity of clear viscid fluid, 
and may be grouped, according to their situations, under the headings sub- 
cutaneous, submuscular , subfascial, and subtendinous. 


A CLASSIFICATION OF THE JOINTS 

Joints are divided into three classes : synarthroses or immovable, amphi - 
arthroses or slightly movable, and diarthroses or freely movable joints. 


1. Synarthroses. (Immovable Articulations) 

Synarthroses are articulations in which the surfaces of the bones are 
fastened together by intervening connective tissue or hyaline cartilage, and 
in which there is no appreciable motion, as in the joints between the bones of 
the cranium. There are three varieties of synarthrosis : sutura, gomphosis, 
and synchondrosis. 

Sutura is an articulation met with only in the skull, w r here the margins 
of the bones articulate with one another (fig. 462). The margins of the bones 
are not in direct contact, being separated by a thin layer of fibrous tissue, 
continuous externally with the pericranium, internally with the dura mater. 


Fig. 462. — A section through the 
sagittal suture. 

Sutural ligament 
Periosteum / 



Fig. 463. — A section through the occipito- 
spheuoidal synchondrosis of an infant. 



When the bony margins are connected by a series of interlocking, tooth- 
like processes, the articulation is named sutura serrata , as in the sagittal 
suture. When the articulation is formed by one bone overlapping another, 
as in the suture between the temporal and parietal bones, it is termed sutura 
squamosa ; where there is simple apposition of contiguous rough surfaces, as 
between the palatine processes of the maxillae, or between the horizontal parts 
of the palatine bones, it is named sutura harmonia . 
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Gomphosis is articulation by the insertion of a conical process into a socket ; 
it is seen in the articulations of the roots of the teeth with the alveoli of the 
mandible and maxillae. 

Synchondrosis. — Where the connecting medium is cartilage the joint is 
termed a synchondrosis (fig. 463) ; this is a temporary form of joint, for the 
cartilage is ultimately converted into bone. Such joints are found between 
the epiphyses and bodies of long bones, between the occipital and sphenoidal 
bones at and for some years after birth, and between the petrous portions of 
the temporal bones and the jugular process of the occipital bone. 


2. Amphiarthroses. (Slightly Movable Articulations) 

In these articulations the contiguous bony surfaces are either united by an 
interosseous ligament, as in the inferior tibiofibular articulation, or are covered 
with articular cartilage and connected by broad flattened discs of fibrocartilage, 
of a more or less complex structure, as in the articulations between the bodies 
of the vertebrae. The first form is termed a syndesmosis, the second a 
symphysis (fig. 464). 


3. Diarthroses. (Freely Movable Articulations) 

This class includes the majority of the joints. In a diarthrodial joint 
the contiguous bony surfaces are covered with articular cartilage, and con- 
nected by an articular capsule and ligaments (fig. 465). 


Fig. 464. — A section through a symphysis. Diagrammatic. 


Ligament. 

Disc of fibrocartilage 
Articular cartilage 



Fig. 465. — A section through a simple 
diarthrodial joint. Diagrammatic. 
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Fig. 466. — A section through a diarthrodial joint 
with an articular disc. Diagrammatic. 
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The joint may be completely divided by an articular disc (fig. 466), or incom- 
pletely by menisci (fig. 521) ; the periphery of such structures is continuous with 
the fibrous stratum of the articular capsule while their free surfaces are covered 
with the. synovial stratum. 

Diarthrodial joints are classified according to the kind of motion permitted 
in them. There are two varieties in which the movement is uni-axial ; that 
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is to say, all movements take place around one axis. In one, the ginglymus 
or hinge-joint , this axis is, practically speaking, transverse ; in the other, the 
artieulatio trochoidea or pivot-joint, it is longitudinal. There are two varieties 
where the movement is bi-axial ; these are the artieulatio ellipsoidea or condyloid 
joint and the artieulatio sellaris or saddle- joint. There is one form where the 
movement is poly-axial, the artieulatio spheeroidea or enarthrosis ( ball-and-socket 
joint) ; and finally there is the arthrodia or gliding joint. 

Ginglymus or hinge-joint. — In this form the articular surfaces are moulded 
to each other in such a manner as to permit motion only in one plane. The 
articular surfaces are connected together by strong collateral ligaments, which 
form their chief bond of union. The best examples of ginglymus are the 
inter phalangeal joints, and the joint between the humerus and ulna. 

Trochoid articulation or pivot-joint. — Where the movement is limited 
to rotation, the joint is formed by a pivot turning within a ring, or a ring turn- 
ing on a pivot, the ring being formed partly of bone, partly of ligament. In 
the proximal radio-ulnar articulation, the ring is formed by the radial notch 
of the ulna and the annular ligament ; here, the head of the radius rotates 
within the ring. In the articulation of the dens of the epistropheus with the 
atlas, the ring is formed in front by the anterior arch, and behind by the 
transverse ligament, of the atlas ; here, the ring rotates round the dens. 

Condyloid articulation. — In this form of joint, an ovoid convex articular 
surface, or condyle, is received into an elliptical concavity in such a manner 
as to permit of flexion, extension, adduction, abduction, and circumduction, 
but no axial rotation. The radiocarpal joint is an example of this form of 
articulation. 

Saddle-articulation. — In this variety the opposing surfaces are recipro- 
cally concavoconvex, and the movements are the same as in the preceding 
form. The best example of the saddle-articulation is the carpometacarpal 
joint of the thumb. 

Enarthrosis is a joint in which the distal bone is capable of motion around 
an indefinite number of axes, which have one common centre. It is formed 
by the reception of a globular head into a cup-like cavity, hence the name 
£ ball-and-socket.’ Examples of this form of articulation are found in the 
hip- and shoulder -joints. 

Arthrodia is a joint which admits of only gliding movement ; it is formed 
by the apposition of plane, or nearly plane, surfaces, the amount of motion in 
such joints being limited by the -ligaments or osseous processes surrounding 
the articulations. It is the form present in the joints between the articular 
] rocesses of the vertebrae, and in most of the carpal and tarsal joints. 


The Kinds of Movement permitted in Joints 

The movements permitted in joints may be divided into four kinds : gliding 
and angular movements, circumduction, and rotation. Frequently these are more 
or less combined in the various joints, so as to produce an infinite variety, and 
it is seldom that only one kind of motion is found in any particular joint. 

Gliding movement is the simplest kind of motion that can take place in a joint, 
one surface gliding over another without any angular or rotatory movement. It 
is common to all movable joints ; but in some, as in most of the articulations of the 
carpus and tarsus, it is the only motion permitted. This movement is not confined 
to plane surfaces, but may take place between any two contiguous surfaces, of 
whatever form. 

Angular movement occurs only between the long bones, and by it the angle 
between the two bones is increased or diminished. It may take place : (1) forwards 
and backwards, constituting flexion and extension ; or (2) towards and from the 
median plane of the body, or, in the case of the fingers or toes, from the middle 
line of the hand or foot, constituting adduction and abduction. The strictly 
ginglymoid or hinge- joints admit of flexion and extension only. Abduction and 
adduction, combined with flexion and extension, are met with in the more movable 
joints. 

Circumduction is that form of motion which takes place between the head of a - 
bone and its articular cavity, when the bone is made to circumscribe a conical space ; 
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the base of the cone is described by the distal end of the bone, the apex is in the 
articular cavity ; this kind of motion is best seen in the shoulder- and hip- joints. 

j Rotation is a form of movement in which a bone moves round a longitudinal 
axis ; the axis of rotation may lie in a separate bone, as in the case of the pivot 
formed by the dens of the epistropheus around which the atlas turns ; or a bone 
may rotate around its own longitudinal axis, as in the rotation of the humerus 
at the shoulder-joint ; or the axis of rotation may not be quite parallel to the long 
axis of the bone, as in the movement of the radius on the ulna during pronation 
and supination of the hand, where it is represented by a line connecting the centre 
of the head of the radius with the centre of the head of the ulna. 

Applied Anatomy. — W. W. Keen points out how important it is ‘ that the surgeon 
should remember the ligamentous action of muscles in making passive motion — for 
instance, at the wrist after Colles’s fracture. If the fingers be extended, the wrist can be 
flexed to a right angle. If, however, they be first flexed as in “making a fist,” flexion 
at the wrist is quickly limited to from forty to fifty degrees in different persons, and is 
very painful beyond that point. Hence passive motion here should be made with the 
fingers extended. In the leg, when flexing the hip, the knee should be flexed. 11 


THE MANDIBULAR JOINT 

The bony parts entering into the formation of the mandibular (temporo- 
mandibular) joint are : above, the articular tubercle and the anterior portion 
of the mandibular fossa of the temporal bone; below, the condyle of the 
mandible. An articular disc divides the joint into an upper and a lower cavity. 
The ligaments of the joint are the following : 

The articular capsule. Sphenomandibular. 

Temporomandibular. Stylomandibular. 


Fig. 467. — The left mandibular joint. Lateral aspect. 



The articular capsule is a thin, loose envelope, attached, above, to the 
circumference ofthe mandibular.fossa and the articular tubercle; below, 
to the neck of the mandible. The synovial stratum of the articular capsule 
is continued over the upper and lower surfaces of the articular disc. 
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The temporomandibular ligament (external lateral ligament) (fig, 467) 
consists of two short, narrow fasciculi, one in front of the other, attached, above, 

to the lateral surface of the 
zygomatic process of the tem- 
poral bone and to the tubercle 
on its lower border ; below, 
to the lateral surface and 
posterior border of. . the neck 
of. the mandible. It is broader 
above than below, and its fibres 
are directed obliquely down- 
wards and backwards. 

The s p henomandibiilar 

ligament (fig. 468) is a flat, 
thin band which is attached 
above to the spina angularis 
of the sphenoidal bone, and, 
becoming broader as it de- 
scends, is fixed to the lingula of 
the. mandibular foramen/* 5 Its 
lateral surface is in relation, 
above, with the Pterygoideus 
externus ; low r er down, it is 
separated from the neck of 
the condyle by the internal 
maxillary vessels ; still lower, 
the inferior alveolar vessels 
and nerve and a lobule of the 
parotid gland lie between it and the ramus of the mandible. Its medial surface 
is in relation with the Pterygoideus internus. 

The articular disc (fig. 469) is a thin, oval plate, placed between the 
condyle of the mandible and the mandibular fossa ; it divides the joint into 
two cavities. Its upper surface is concavoconvex from before backwards, to 
accommodate itself to the form 
of the mandibular fossa and the 
articular tubercle. Its under sur- 
face, in contact with the condyle, 
is concave. Its circumference is 
connected to the articular capsule, 
and in front to the tendon of 
the Pterygoideus externus. It is 
thicker at its periphery, especially 
behind, than at its centre, where 
it is sometimes perforated. 

The stylomandibular liga- 
ment (fig. 468) is a specialised 
band of the fascia colli (p. 448), 
which stretches from the apical 
part of the styloid process of the 
temporal bone to the angle and 
posterior border of the ramus of 
the mandible between the Masseter and Pterygoideus internus. It separates 
the parotid from the submaxillary gland, and from its deep surface some 
fibres of the Styloglossus take origin. Although classed among the ligaments 
of the mandibular joint, it can only be considered as accessory to it. 

* J. Cameron (; Journal of Anatomy and Physiology , vol. xlix.) points out that the cranial end 
of this ligament 5 enters the inner extremity of the Glaserian fissure and whilst doing so is merely 
attached to the spine of the sphenoid by its inner edge.’ He suggests that the attachment 
to ‘the spina angularis of the sphenoidal bone is purely adventitious, and that the true 
morphological attachment is in reality to the lips of the fissure and also within the tympanic 
cavity, where a considerable proportion of the fibres are directly continuous with the fibrous layer 
of the membrana tympani. This intratyir panic portion is usually described as the anterior 
ligament of the malleus. It forms a prominent band in a seven months’ foetus, and at this stage 
appears to be independent of the sphenoidal bone. 


Fig. 469. — A sagittal section through the left 
' mandibular joint. 



Fig. 468. — The left mandibular 
joint. Medial aspect. 
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The nerves* of the mandibular joint are derived from the auriculotemporal 
and masseteric branches of the mandibular nerve, the arteries from the super- 
ficial temporal branch of the external carotid artery, and from the internal 
maxillary artery. 

Movements. — The mandible may be depressed and elevated, or carried forwards 
and backwards ; a slight amount of side-to-side movement is also permitted. 
When the mouth is opened the body of the mandible is depressed, and the con- 
dyles and articular discs are pulled forwards on to the articular tubercles ; in 
shutting the mouth the reverse action takes place. When the mandible is carried 
horizontally forwards, as in protruding the lower incisor teeth in front of the 
upper, the discs and the condyles glide forwards on the mandibular fossae and 
articular tubercles. The grinding or chewing movement is produced by one con- 
dyle, with its disc, gliding alternately forwards and backwards, while "the other 
condyle moves simultaneously in the opposite directions ; at the same time the 
condyle undergoes a vertical rotation on the disc. One condyle advances and 
rotates, while the other recedes and rotates. 

Muscles producing the movements : 

Depression. — Digastrici, Mylohyoidei, Geniohyoidei and Pterygoidei extern!. 

Elevation . — Masseteres, Temporales and Pterygoidei interni. 

Protrusion. — Pterygoidei interni et externi (both sides). 

Retraction . — Temporales (posterior fibres). 

Lateral movement. — Pterygoidei interni et externi (one side). 

Applied, Anatomy. — The mandible can be dislocated only in one direction — viz. forwards. 
When the mouth is open, the condyle is situated on the articular tubercle, and any sudden 
violence, or even a sudden muscular spasm, as during a convulsive yawn, may displace 
the condyle forwards into the infratemporal fossa. The displacement may be unilateral 
or bilateral. Reduction is accomplished by depressing the jaw with the thumbs placed on 
the last molar teeth, and at the same time elevating the chin. The downward pressure 
overcomes the spasm of the Masseter, Temporalis, and Pterygoideus internus, and elevation 
of the chin throws the condyle backwards ; the above-mentioned muscles then draw the 
condyle back into its normal position. 

In close relation to the condyle of the mandible are the external acoustic meatus and 
the tympanic cavity ; any force, therefore, applied to the bone is liable to be attended 
with damage to these parts, or inflammation in the joint may extend to them. On the 
other hand inflammation of the tympanic cavity may involve the articulation and cause 
its destruction, thus leading to ankylosis of the joint. 


THE ARTICULATIONS OF THE VERTEBRAL COLUMN 

The vertebrae from the third cervical to the first sacral inclusive are 
articulated to one another by : (1) a series of amphiarthrodial joints between 
the vertebral bodies ; and (2) a series of diarthrodial joints between the vertebral 
arches. 


• 1. The Articulations of the Vertebral Bodies 

The amphiarthrodial articulations between the bodies of the vertebra allow 
of only slight movement between adjoining bones, but when this slight move- 
ment takes place in a considerable length of the vertebral column, the total 
range of movement is great. The vertebral bodies are united by anterior and 
posterior longitudinal ligaments, and by intervertebral fibro cartilages. 

The anterior longitudinal ligament (fig. 470) is a strong band of fibres, 
which extends along the anterior surfaces of the bodies of the vertebrae. It 
is broader below than above, thicker and narrower in the thoracic than in 
the cervical and lumbar regions, and somewhat thicker and narrower opposite 
the bodies of the vertebrae than opposite the intervertebral fibrocartilages. 
It is attached above, to the pharyngeal tubercle of the occipital bone, 
whence it extends to the anterior tubercle of the atlas, then to the front 
of the body of the epistropheus, and is continued down as far as the upper 
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part of the front of the sacrum. It consists of dense longitudinal, fibres, which 
are intimately adherent to the intervertebral fibrocartilages and the prominent 
margins of the vertebrae, but not to the middle parts of the vertebral bodies. In 
the latter situation the ligament is thick and fills up the concavities on the 
anterior surfaces, and makes the front of the vertebral column more even. 
It is composed of several layers of fibres, of which the most superficial are the 
longest and extend between four or five vertebrae. The intermediate fibres 
extend between tv r o or three vertebrae, w^hile the deepest reach from one vertebra 
to the next. At the sides of the bodies the ligament consists of a few short 
fibres which connect adjacent vertebrae. 

The posterior longitudinal ligament (figs. 470, 471) is situated within 
the vertebral canal on the posterior surfaces of the bodies of the vertebrae. 
Above, it is attached to the body of the epistropheus, and is thence continued 


Fig. 470. — A median sagittal section through a portion of the lumbar region of 
the vertebral column. 
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downwards to the sacrum ; its upper end is intimately connected with the 
membrana tectoria which appears to be a continuation of it. It is broader 
above than below, and thicker in the thoracic than in the cervical and lumbar 
regions. In the situation of the intervertebral fibrocartilages and contiguous 
margins of the vertebrae, where the ligament is more intimately adherent, it is 
broad., and in the thoracic and lumbar regions presents a series of dentations 
with intervening concave margins ; but it is narrow and thick over the centres 
of the bodies, from which it is separated by the basivertebral veins. This 
ligament is composed of smooth, shining fibres, denser and more compact 
than those of the anterior ligament, and consists of superficial layers occupying 
the interval between three or four vertebrae, and deeper layers which extend 
between adjacent vertebrae. 

The intervertebral fibrocartilages (figs. 470, 471) are interposed between 
the adjacent surfaces of the bodies of the vertebrae, from the epistropheus 
to the sacrum, and form the chief bonds of connexion between the vertebrae. 
Their shape corresponds with that of fehe bodies between which they are placed. 
Their thickness varies in different regions of the column, and in different parts 
of the same fibrocartilage ; they are thicker in front than behind in the cervical 
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and lumbar regions, and thus contribute to the anterior convexities of these 
parts of the column ; while they are of nearly uniform thickness in the thoracic 
region, the anterior concavity 


Fig-. 471. — The posterior longitudinal ligament of 
the vertebrae, in the lumbar region. 


Pedicle (cut) 


of” this part of the column 
being almost entirely due to 
the shape of the vertebral 
bodies . They are adherent , by 
their surfaces, to thin layers of 
hyaline cartilage which cover 
the upper and under surfaces 
of the bodies of the vertebrse ; 
in the lower cervical vertebrae, 
however, small joints with 
articular capsules are occa- 
sionally present between the 
upper surfaces of the bodies 
and the margins of the fibro- 
cartilages on either side. The 
intervertebral fibrocartilages 
are closely connected to the 
anterior and posterior longi- 
tudinal ligaments ; in the 
thoracic region they are 
joined laterally, by means of 
the interarticular ligaments, 
to the heads of those ribs 
which articulate with two 
vertebrse. The interverte- 
bral fibrocartilages constitute 
about one-fourth of the length 
of the vertebral column, ex- 
clusive of the first two verte- 
brae ; but this amount is not 
equally distributed between 
the various bones, the cervical 

and lumbar portions having, in proportion to their length, a 
amount than the thoracic region, with the result that these 
greater pliancy and freedom of movement. 
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Structure of the intervertebral fibre/: 7r 1 ; 7 7yr*.---Each is composed, at its circumfer- 
ence, of laminae of fibrous tissue and fibmearuEgv 1 . forming the annulus fibrosus ; and, 
at its centre, of a soft, pulpy, highly elastic substance, of a yellowish colour, which pro- 
jects considerably above the surrounding level when the disc is divided horizontally-. 
This pulpy substance ( nucleus pulposus ), especially well developed in the lumbar region, 
contains the remains of the notochord. The laminae are arranged concentrically ; the 
outermost consist of ordinary fibrous tissue, the others of white iibroc:! v.iiage. The 
laminse are not quite vertical in their direction, those near the circumference being 
curved outwards and closely approximated; while those nearest the centre curve in the 
opposite direction, and are somewhat more widely separated. The fibres composing 
the laminae are directed, for the most part, obliquely from above downwards, the fibres 
of adjacent laminae passing in opposite directions and varying in every layer: so that 
the fibres of one layer are directed across those of another, like the limbs of the letter X. 
This laminar arrangement exists in about the outer half of each fibrocartilage. The 
pulpy substance presents no such arrangement, and consists of a fine fibrous matrix, 
containing angular cells united to form a reticular structure. 

Applied Anatomy. — When an aneurysm presses on the vertebral column, the vertebral 
bodies are often deeply eroded by it, while the intervertebral fibrocartilages remain 
intact. The fibrocartilages are the first to be destroyed, however, in tuberculosis of 
the vertebral column, where, as not infrequently happens, the disease begins in a fibro- 
cartilage, and spreads thence to the bodies of the two adjoining vertebrse. 
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2. The Articulations of the Vertebral Arches 

The joints between the articular processes of the vertebrae belong to the 
arthrodial variety and are enveloped by articular capsules ; the laminae, spinous 
and transverse processes are connected by the following ligaments : 

Ligamenta flava. Ligamentum nuchae. 

Supraspinal. Interspinal. 

Intertrans verse . 

The articular capsules are thin and loose, and are attached to the margins 
of the articular processes of adjacent vertebrae ; they are longer and looser 
in the cervical than in the thoracic and lumbar regions. 

The ligamenta flava (figs. 470, 472) connect the laminae of adjacent vertebrae, 
and are best seen from the interior of the vertebral canal. Their attachments 


Tig/ 472. — The ligamenta flava of the lumbar region. Anterior aspect. 



extend from the articular capsules to the regions where the laminae fuse to form 
the spinous processes ; here their posterior margins come into contact and are 
to a certain extent united, small intervals being left for the passage of vessels. 
The ligamenta flava consist of yellow elastic tissue, the fibres of which, almost 
perpendicular in direction, are attached to the anterior surface of the lamina 
above, some distance from its inferior margin, and to the posterior surface 
and upper margin of the lamina belov r . The ligaments are thin, but broad 
and long in the cervical region ; they are thicker in the thoracic region, and 
thickest in the lumbar region. Their elasticity helps to preserve the upright 
posture, and to assist the vertebral column in resuming it after flexion. 

The sur rasr inal ligament (fig. 470) is a strong fibrous cord, which connects 
together the apices of the spinous processes from the seventh cervical vertebra 
to the sacrum ; fibrocartilage is developed in the ligament at its points of 
attachment to the tips of the spinous processes. It is thicker and broader 
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in the lumbar than in the thoracic region, and intimately blended in both 
situations with the neighbouring fascia. The most superficial fibres of this 
ligament extend over three or four vertebrae ; those more deeply seated pass 
between two or three vertebrae ; while the deepest connect the spinous processes 
of neighbouring vertebrae. Between the spinous processes it is continuous 
with the interspinal ligaments. Between the spinous process of the seventh 
cervical vertebra and the external occipital protuberance its place is taken by 
the ligamentum nuchae. 

The ligamentum nuchae is a fibrous membrane, which, in the neck, is 
homologous with the supraspinal ligament of the thoracic and lumbar vertebrae. 
It extends from the external protuberance and median nuchal line of the 
occipital bone to the spinous process of the seventh cervical vertebra. From 
its anterior border a fibrous lamina is given off, which is attached to the posterior 
tubercle of the atlas, and to the spinous processes of the cervical vertebrae, and 
forms a septum between the muscles of the two sides of the neck. In man it is 
the representative of an important elastic ligament, which, in some of the 
lower animals, serves to sustain the weight of the head. 

The interspinal ligaments (fig. 470), thin and membranous, connect 
adjoining spinous processes, and their attachments extend from the root to 
the apex of each process. They meet the ligamenta flava in front and the 
supraspinal ligament behind. They are narrow and elongated in the thoracic 
region ; broader, thicker, and quadrilateral in form in the lumbar region ; and 
only slightly developed in the neck. 

The intertransverse ligaments are interposed between the transverse 
processes. In the cervical region they consist of a few irregular, scattered 
fibres ; in the thoracic region they are rounded cords intimately connected 
with the deep muscles of the back ; in the lumbar region they are thin and 
membranous. 


3. The Sacbococcyoeal Symphysis 

This articulation is an amphiarthrodial joint, between the apex of the 
sacrum and the base of the coccyx, the bones being united by anterior, 
posterior and lateral sacrococcygeal ligaments, and by a disc of fibrocartilage. 

The anterior sacrococcygeal ligament (fig. 501) consists of a few irregular 
fibres, which descend from the anterior surface of the sacrum to the front of the 
coccyx, blending with the periosteum. 

The posterior sacrococcygeal ligament is a flat band, which arises from 
the margin of the lower orifice of the sacral canal, and descends to be inserted 
into the posterior surface of the coccyx. This ligament completes the lower 
part of the sacral canal, and is divisible into a short deep and a longer super- 
ficial part. 

A lateral sacrococcygeal ligament exists on either side and connects 
the transverse process of the coccyx to the inferior lateral angle of the sacrum ; 
it completes the foramen for the fifth sacral nerve. 

A thin disc of fibrocartilage is interposed between the contiguous surfaces 
of the sacrum and coccyx ; it is somewhat thicker in front and behind than 
at the sides. Occasionally the coccyx is freely movable on the sacrum ; in 
such cases an articular capsule lined with a synovial stratum is present. 

The different segments of the coccyx are connected together by the 
extension downwards of the anterior and posterior sacrococcygeal ligaments, 
thin annular discs of fibrocartilage being interposed between the segments. 
In the adult male, all the pieces become ossified together at a comparatively 
early period ; but in the female, this does not commonly occur until a later 
period of life. At a more advanced age the joint between the sacrum and 
coccyx is obliterated. 

Backward and forward movements take place between the sacrum and 
coccyx ; their extent increases during pregnancy. 

Movements. — The movements permitted in the vertebral column are : flexion, 
extension, lateral movement, circumduction, and rotation. 

In flexion , or movement forwards, the anterior longitudinal ligament is relaxed 
and the anterior parts of the intervertebral fibrocartilages aTe compressed ; while 
the posterior longitudinal ligament, the ligamenta flava, and the interspinal and 

Gr. A. m2 
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supraspinal ligaments are stretched, as well as the posterior fibres of the inter- 
vertebral fibrocartilages. The interspaces between the laminae are widened, and the 
inferior articular processes glide upwards upon the superior articular processes of 
the subjacent vertebras. Flexion is the most extensive of all the movements of the 
vertebral column, and is freest in the lumbar region. 

In extension , or movement backwards, an exactly opposite disposition of the 
parts takes place. This movement is limited by the anterior longitudinal ligament, 
and by the approximation of the spinous processes. It is freest in the cervical 
region. 

In lateral movements , the sides of the intervertebral fibrocartilages are compressed, 
the extent of motion being limited by the resistance offered by the surrounding 
ligaments. Lateral movements may take place in any part of the column, but 
are freest in the cervical and lumbar regions. 

Circumduction is very limited, and is merely a succession of the preceding 
movements. 

Rotation is produced by the twisting of the intervertebral fibrocartilages ; this, 
although only slight between any two vertebrae, allows of a considerable extent of 
movement when it takes place in the whole length of the column, the front of the 
upper part of the column being turned to one or other side. This movement occurs 
to a slight extent in the cervical region, is freer in the upper part of the thoracic 
region, and absent in the lumbar region. 

The extent and variety of the movements are influenced by the shape and 
direction of the articular surfaces. In the cervical region the upward inclination 
of the superior articular surfaces allows of free flexion and extension. Extension 
can be carried farther than flexion ; at the upper end of the region it is checked 
by the locking of the posterior edges of the superior atlantal facets in the condyloid 
fossae of the occipital bone ; at the lower end it is limited by a mechanism whereby 
the inferior articular processes of the seventh cervical vertebra slip into grooves 
behind and below the superior articular processes of the first thoracic. Flexion is 
arrested just beyond the point where the cervical convexity is straightened ; the 
movement is checked by the apposition of the projecting lower lips of the bodies 
of the vertebrae with the shelving surfaces on the bodies of the subjacent vertebrae. 
Lateral flexion and rotation are free in the cervical region, and are always combined ; 
the upward and medial inclinations of the superior articular surfaces impart a 
rotatory movement during lateral flexion. In the thoracic region, notably in its 
upper part, all the movements are limited in order to reduce interference with 
respiration to a minimum. The almost complete absence of an upward inclination 
of the superior articular surfaces prohibits any marked flexion, while extension 
is checked by the contact of the inferior articular margins with the laminae, and 
the contact of the spinous processes with one another. Eotation is free in the 
thoracic region : the superior articular processes are segments of a cylinder whose 
axis is in the mid-ventral line of the vertebral bodies. The direction of the articular 
facets would allow of free lateral flexion, but this movement is considerably limited 
in the upper part of the region by the resistance of the ribs and sternum. In the 
lumbar region flexion and extension are free. The inferior articular facets are 
not in close apposition with the superior facets of the subjacent vertebrse, and on 
this account a considerable amount of lateral flexion is permitted. For the same 
reason a slight amount of rotation can be carried out, but this is so soon checked 
by the interlocking of the articular surfaces that it is negligible. 

Muscles producing the movements. — The vertebral column may be moved 
either by (a) muscles attached to it and acting directly on it, or by (b) muscles 
attached to other bones and acting indirectly on the column. 

a. Muscles acting directly on the vertebral column. 

Flexion. — Longus colli, Scaleni, Quadratus lumborum, Psoas major and 
Psoas minor. 

Extension . — Interspinales, Multifidus, Spinales, Semispinales dorsi et cervicis, 
Hiocostalis cervicis, Longissimi dorsi et cervicis- and Splenius cervicis. 

Lateral flexion . — Intertransversarii, Multifidus, Iliocostalis cervicis, Longissimus 
cervicis, Splenius cervicis, Levatores costarum, Longus colli, Scaleni, 
Quadratus lumborum and Psoas major. 

Rotation. — Eo tat ores, Multifidus, Splenius cervicis, Semispinales dorsi efc 
cervicis, Levatores costarum and Longus colli. 
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Tifi.;440. — The bones of the right foot. Plantar aspect. 
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The transverse ligament of the atlas (figs. 475 to 477) is a thick, 
strong band, which arches across the ring of the atlas, and retains the dens 


Fig. 474. — The posterior atlanto-occipital membrane. 



of the epistropheus in contact with the anterior arch. It is concave in front, 
convex behind, broader in the middle than at the ends, and firroly attached 
on either side to a small tubercle on the medial surface of the lateral mass of the 
atlas. As it crosses the dens, a small fasciculus {crus superius) is prolonged 


Fig. 475. — The atlas vertebra, with the transverse ligament. 

Anterior arch Facet for dens 

( Ring for dens 

«*» Superior articular 'process 



For ament tans v ersari-u m 

Sulcus arteriae rertebraXis 


Transverse ligament of atlas 

For medulla spinalis and its membranes 

i 

Posterior arch 


upwards, and. another {crus inferius) downwards, from the superficial or posterior 
fibres of the ligament. The crus superius is attached to the upper surface of the 



Membrana lectoria , divided and reflected 


THE ATLANTO-EPISTROPHIC ARTICULATION 


365 


Fig. 476. — The membrana teotoria, and the transverse and alar ligaments. The 
crus superius of the transverse ligament is drawn to one side. 
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basilar part of the occipital bone between the ligamentum apicis dentis and 
the membrana tectoria ; the crus informs is attached to the posterior surface 
of the body of the epistropheus ; hence the whole ligament is named the 
Ugamentum cruciatum atiantis. The transverse ligament divides the ring of the 
atlas into two unequal parts : of these, the posterior and larger surrounds the 
medulla spinalis and its membranes and the spinal parts of the accessory nerves ; 
the anterior and smaller contains the dens. The neck of the dens is constricted 
where it is embraced posteriorly by the transverse ligament, so that this ligament 
suffices to retain the process in position after all the others have been divided. 

The joint-cavity between the dens and the transverse ligament is often 
continuous with those of the atlanto-oecipital articulations. 

Movements. — This articulation with its three joints allows the rotation of the 
atlas (and, with it, the skull) upon the epistropheus, the extent of rotation being 
limited by the alar ligaments (p. 367). 

The opposed articular surfaces of the atlas and epistropheus are not recipro- 
cally curved ; both are convex in their long axes. When, therefore, the upper 
facet glides forwards on the lower it also descends ; the fibres of the articular 
capsule are relaxed in a vertical direction, and will then permit of movement 
in an anteroposterior direction. By this means a shorter capsule suffices and 
the strength of the joint is materially increased. 

Muscles producing the movements. — The principal muscles by which these 
movements are produced are the Sternocleidomastoideus and Semispinalis capitis 
of one side, acting with the Longus capitis, Splenius, Longissimus capitis, Bectus 
capitis posterior major, and Obliquus capitis inferior of the other side. 


THE ARTICULATIONS OP THE VERTEBRAL COLUMN WITH THE CRANIUM 

The ligaments connecting the vertebral column with the cranium may be 
divided into two sets ; those uniting the atlas with the occipital bone, and 
those connecting the epistropheus -with the occipital bone. 


1. The Articulation oe the Atlas with the Occipital Bone 

The articulation between the atlas and the occipital bone consists of a pair 
of condyloid joints. The ligaments connecting the bones are : 

Two articular capsules. Anterior and posterior atlanto- 

occipital membranes. 

The articular capsules surround the condyles of the occipital bone and 
the superior articular processes of the atlas : they are thin and loose. Their 
lateral portions are directed obliquely upwards and medialwards, and are 
reinforced by bundles of fibres, which are attached above to the jugular pro- 
cesses of the occipital bone, and below to the bases of the transverse processes 
of the atlas. 

The atlanto-occipital joints frequently communicate with the joint between 
the dens and the transverse ligament of the atlas. 

The anterior atlanto-occipital membrane (fig. 473) is broad, and com- 
posed of densely woven fibres which pass between the anterior margin of the 
foramen magnum above, and the upper border of the anterior arch of the atlas 
below ; laterally, it is continuous with the articular capsules ; in front, it is 
strengthened in the middle line by the continuation of the anterior longitudinal 
ligament, a strong, rounded cord, which connects the basilar part of the occipital 
bone to the tubercle on the anterior arch of the atlas. * m 

The posterior atlanto-occipital membrane (fig. 474), broad but thin, is 
connected, above, to the posterior margin of the foramen magnum ; below, to 
the upper border of the posterior arch of the atlas. On either side it arches 
over the groove for the vertebral artery, and with this groove bounds an opening 
for the entrance of the artery and the exit of the first cervical nerve. The 
free border of the membrane, arching over the artery and nerve, is sometimes 
ossified. 
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Movements. — The movements permitted in this joint are (a) flexion and exten- 
sion, which give rise to the ordinary forward and backward nodding of the head, 
and ( b ) slight lateral motion to one or other side. 

Muscles producing the movements : 

Flexion . — Longus capitis and Rectus capitis anterior. 

Extension— Recti capitis posteriores major et minor, Obliquus superior, 
Semispinalis capitis, Splenius capitis, Sternocleidomastoideus and Tra- 
pezius (upper fibres). 

Lateral flexion . — Rectus capitis lateralis, Semispinalis capitis, Splenius capitis, 
Sternocleidomastoideus and Trapezius (upper fibres). 


2. The Ligaments connecting the Epistropheus with the 
Occipital Bone 

Membrana tectoria. Two alar. Ligamentum apicis dent is. 

The membrana tectoria (occipito-axial ligament) (figs. 476, 477) is situated 
within the vertebral canal. It is a broad, strong band, which covers the dens 
and its ligaments, and appears to be a prolongation upwards of the posterior 
longitudinal ligament of the vertebral column. It is fixed, below, to the 
posterior surface of the body of the epistropheus, and, expanding as it ascends, 
is attached above to the upper surface of the basilar part of the occipital bone, 
in front of the foramen magnum, blending with the cranial dura mater. 

The alar ligaments (odontoid ligaments) (fig. 476) are two strong, rounded 
cords, which arise one on either side of the upper part of the dens, and passing 
obliquely upwards and lateralwards, are inserted into rough impressions on 
the medial sides of the condyles of the occipital bone. The alar ligaments 
limit rotation of the cranium and therefore receive the name of check 
ligaments. 

Between the alar ligaments is the ligamentum apicis dentis (fig. 477) which 
extends from the tip of the dens to the anterior margin of the foramen magnum, 
being intimately blended with the deep portion of the anterior atlanto -occipital 
membrane and with the superior crus of the transverse ligament of the atlas. 
It is regarded as a rudimentary intervertebral fibrocartilage, and traces of the 
notochord may persist in it. 

In addition to the ligaments which unite the atlas and epistropheus to the 
skull, it must be remembered that the ligamentum nuchae (p. 361) connects 
the cervical vertebrae with the cranium. 

Applied Anatomy . — The ligaments of the vertebral column are so strong, and the 
bones so interlocked by the arrangement of their articulating processes, that dislocation 
is very uncommon, and, except in the upper part of the neck, rarely occurs unless accom- 
panied by fracture. Dislocation of the occipital bone from the atlas has been recorded 
only in one or two cases ; but dislocation of the atlas from the opi strophe us. with rupture 
of the transverse ligament of the atlas, is much more common : It is die mode in which 
death is produced in many cases of execution by hanging. Hanging may however pro- 
duce a fracture through the epistropheus, or a separation through the fibrocartilage 
between the epistropheus and the third cervical vertebra. Below the third cervical 
vertebra, dislocation without fracture occasionally takes place. 


THE COSTOVERTEBRAL ARTICULATIONS 

The articulations of the ribs with the vertebral column may be divided into 
two sets, one connecting the heads of the ribs with the bodies of the vertebrae, 
another uniting the necks and tubercles of the ribs with the transverse processes. 


1. The Articulations of the Heads of the Ribs (fig. 478) 

These articulations, sometimes named the costocentral , constitute a series 
of arthrodial joints. They are formed by the articulation of the heads of the 
typical ribs with the facets on the contiguous margins of the bodies of the thoracic 
vertebrae and with the intervertebral fibrocartilages between them ; the first, 
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tenth, eleventh, and twelfth ribs each articulate with a single vertebra. The 
ligaments of the joints are : 

The articular capsules. Radiate. 

Inter articular. 

In the articulations of the heads of the ribs from the second to the ninth 
inclusive, two articular capsules are present, since each of these joints is sub- 
divided by an interarticular ligament. The articular capsules connect the 
heads of the ribs with the circumferences of the articular cavities formed by 
the intervertebral fibrocartilages and the adjacent vertebrae. Some of their 
upper fibres pass through the intervertebral foramen to the back of the inter- 
vertebral fibrocartilage, while the posterior fibres are continuous with the 
ligament of the neck of the rib. 


Fig. 478. — The costovertebral articulations. Right antero-lateral aspect. 
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The radiate ligament (stellate ligament) connects the anterior part of the 
head of each rib with the sides of the bodies of two vertebrae, and the inter- 
vertebral fibrocartilage between them. It is attached to the anterior part of the 
head of the rib, just beyond the articular surface. The superior fibres ascend, 
and are connected with the body of the vertebra above ; the inferior fibres 
descend to the body of the vertebra below ; the middle fibres, the smallest and 
least distinct, are horizontal and attached to the intervertebral fibrocartilage. 

In the articulation of the first rib. the radiate ligament is attached to the 
body of the last cervical vertebra, as well as to that of the first thoracic. In 
the articulations of the tenth, eleventh, and twelfth ribs, each of which articu- 
lates with a single vertebra, the radiate ligament is connected to the vertebra 
with which the rib articulates, and also to the vertebra immediately above it. 

The interarticular ligament is situated in the interior of the joint. It 
consists of a short band of fibres, flattened from above downwards, attached, 
laterally to the crest separating the two articular facets on the head of the 
rib, and medially to the intervertebral fibrocartilage; it divides the joint 
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into two cavities and its upper and lower surfaces are covered with the synovial 
strata of the articular capsules. In the joints of the first, tenth, eleventh, and 
twelfth ribs, interarticular ligaments do not exist ; consequently, there is but 
one cavity in each of these articulations. The interarticular ligament is the 
homologue of the ligamentum conjugale which is present in some mammals, and 
unites the heads of opposite ribs across the back of the intervertebral fibro- 
cartilage. 

2. The Costotransverse Articulations (fig. 479) 

The articular portion of the tubercle of a rib forms an arthrodial joint with 
the transverse process of the lower of the two vertebras to which the head of 
the rib is fixed. In the eleventh and twelfth ribs this articulation is wanting. 

The ligaments of the joint are : 

The articular capsule. 

Anterior and posterior costotransverse. 

Ligament of the neck of the rib. 

Ligament of the tubercle of the rib. 

The articular capsule is a thin membrane attached to the circumference 
of the articular surfaces, and lined with a synovial stratum. 

Fig-. 479. — The costotransverse articulations. Superior aspect. 



The anterior costotransverse ligament is attached below to the crest 
on the upper border of the neck of the rib, and passes obliquely upwards and 
lateralwards to the lower border of the transverse process immediately above. 

The first rib has no anterior costotransverse ligament. The neck of the 
twelfth rib is connected to the base of the transverse process of the first lumbar 
vertebra by a band of fibres, named the lumbocostal ligament ; it is m series 

with the anterior costotransverse ligaments. _ 

The posterior costotransverse ligament is a feebie band which is 
attached below to the neck of the rib, behind and medial .to the anterior 
costotransverse ligament ; it passes upwards and medialwards to the base of 
the transverse process and the lateral border of the inferior articular process of 

the vertebra ajove. neck Qf ^ rfb (interosseous costotransverse 

ligament) fonsists of short but strong fibres, connecting the rough surface 
on the back of the neck of the rib with the anterior surface of the adjacent 
transverse process. A rudimentary ligament maybe present at the eleventh 
and twelfth, ribs. 
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The ligament of the tubercle of the rib is a short, thick, strong 
fasciculus, which passes obliquely from the apex of the transverse process to 
the rough non-articular portion of the tubercle of the rib. The ligaments 
attached to the upper ribs ascend from the transverse processes ; they are 

shorter and more oblique than those attached to 
Fig. 480. — A section through the lower ribs, which descend slightly, 

the costotransverse joints Movements. — The heads of the ribs are so 

from the third to the ninth closely connected to the bodies of the vertebrae 
inclusive Contrast the b the radiate and interarticular ligaments that 

with the flattened facets onl 7 sll g ht gliding movements of the articular 
on th . g lower tr&nsverse surfaces on one ^notlier c&n t&k© pl<ic©. Siimlsirly^ 
processes. the strong ligaments binding the necks and tubercles 

of the ribs to the transverse processes limit the 
movements of the costotransverse joints to 
slight gliding, the nature of which is determined 
by the shape and direction of the articular sur- 
faces (fig. 480). The articular surfaces on the 
tubercles of the upper six ribs are oval in shape 
and convex from above downwards ; they fit 
into corresponding concavities on the anterior 
surfaces of the transverse processes, so that 
upward and downward movements of the tubercles 
are associated with rotation of the rib-neck on 
its long axis. On the seventh, eighth, ninth, 
and tenth ribs the articular surfaces on the tubercles 
are flat, and are directed obliquely downwards, 
medialwards, and backwards. The surfaces with 
which they articulate are placed on the upper 
margins of the transverse processes ; when, 
therefore, the tubercles are drawn up they are 
at the same time carried backwards and medial - 
wards. The two joints, costocentral and costo- 
transverse, move simultaneously and in the same 
directions, the total effect being that the neck of 
the rib moves as if on a single joint, of which 'the 
costocentral and costotransverse articulations form 
the ends. In the upper six ribs the neck of the 
rib moves but slightly upwards and downwards ; 
its chief movement is one of rotation round its 
own long axis, rotation backwards being associated 
with depression, rotation forwards with elevation. In the seventh, eighth, ninth, 
and tenth ribs the neck of the rib moves upwards, backwards, and medialwards, 
or downwards, forwards, and lateral wards ; very slight rotation accompanies these 
movements. 

Muscles producing the movements. — These are discussed with the mechanism 
of respiration (p. 468). 


THE STERNOCOSTAL ARTICULATIONS (fig. 481) 

The cartilages of the true ribs, with the exception of the first, articulate 
with the sternum by arthrodial joints. The cartilage of the first rib is directly 
united with the sternum, and the joint between this rib and the sternum is 
a synchondrosis. 

The ligaments of the arthrodial joints are : 

The articular capsules. Interarticular sternocostal. 

Badiate sternocostal. Costoxiphoid. 

The articular capsules surround the joints between the sternum and 
the cartilages of the ribs from the second to the seventh inclusive. They are 
very thin, intimately blended with the radiate sternocostal ligaments, and 
strengthened at the upper and lower parts of the articulations by a few fibres, 
which connect the cartilages to the side of the sternum. 
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The radiate sternocostal ligaments are broad, thin membranous bands 
which radiate from the front and back of the sternal ends of the cartilages 
of the true ribs to the anterior and posterior surfaces of the sternum. Their 
superficial fibres intermingle with the fibres of the ligaments above and below 
them, with those of the opposite side, and on the front of the sternum with 


Fig. 481. — The sternocostal and interchondral articulations. Anterior aspect. 



the tendinous fibres of origin of the Pectoralis major, forming a thick fibrous 
membrane (membrana sterni) which envelops the bone, and is more distinct 
•at its lower than at its upper part. 

The interarticular sternocostal ligaments are found constantly only 
between' the second costal cartilages and the sternum.. The cartilage of the 
■second rib is connected with the sternum by means of an interarticular ligament, 
attached laterally to the cartilage of the rib, and medially to the fibrocartilage 
which unites the manubrium and body of the sternum. Occasionally the 
cartilage of the third rib is connected with the first and second pieces of the body 
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of the sternum by an interarticular ligament. Still more rarely, similar liga- 
ments are found in the other four joints of the series. In the lower two an 
interarticular ligament sometimes obliterates the joint-cavity, so as to convert 
the articulation into an amphiarthrosis. After middle life the articular surfaces 
lose their polish, become roughened, and the synovial strata apparently dis- 
appear. In old age, the cartilages of most of the ribs become continuous with 
the sternum, and the joint-cavities are consequently obliterated. 

The costoxiphoid ligaments connect the anterior and posterior surfaces 
of the seventh costal cartilage, and sometimes those of the sixth, to the front 
and back of the xiphoid process. They vary in length and breadth in different 
subjects ; those on the back of the joint are less distinct than those in front. 

Movements. — Slight gliding movements are permitted in the sternocostal 
articulations. 


The Interchondral Articulations (fig. 481) 

The contiguous borders of the sixth and seventh, the seventh and eighth, 
and the eighth and ninth, costal cartilages articulate with each other by small 
smooth, oblong facets. Each articulation is enclosed in a thin articular capsule , 
lined with a synovial stratum and strengthened laterally and medially by inter- 
chondral ligaments which pass from one cartilage to the other. Sometimes 
the fifth costal cartilages, more rarely the ninth, articulate by their lower 
borders with the adjoining cartilages by small oval facets ; more frequently 
the connexion is by a few 7 ligamentous fibres. . 


The Costochondral Articulations 

The lateral end of each costal cartilage is received into a depression in the 
sternal end of the rib, and the two are enveloped by the periosteum. 


The Articulation of the Manubrium with the Body of the Sternum 

In the majority of cases the joint between the manubrium and the body 
of the sternum is a symphysis, the bony surfaces being coated with cartilage 
and connected by a disc of fibrocartilage which tends to ossify in advanced 
life. In rather more than thirty per cent, of cases the central part of the 
disc undergoes absorption and the joint is converted into a diarthrodial one. 
The tw 7 o segments of the bone are also connected by the membrana stemi. 


The Mechanism of the Thorax 

Each rib possesses its own range and variety of movements, but the" movements 
of all are combined in the respiratory excursions of the thorax. Each rib may be 
regarded as a lever, the fulcrum of which is situated immediately outside the costo- 
transverse articulation, so that when the body of the rib is elevated the neck is 
depressed and vice versa ; from the disproportion in length of the arms of the lever 
a slight movement at the vertebral end of the rib is greatly magnified at the anterior 
extremity. 

The anterior ends of the ribs lie on a lower plane than the posterior ; when 
therefore the body of the rib is elevated the anterior extremity is also thrust forwards. 
Again, the middle of the body of the rib lies in a plane below that passing through the 
two extremities, so that when the body is elevated relatively to its ends it is at 
the same time carried outwards from the median plane of the thorax ; further, each 
rib forms the segment of a curve which is greater than that of the rib immediately 
above. Therefore the elevation of a rib increases the transverse diameter of the 
thorax in the plane to which it is raised. The modifications of the rib movements 
at their vertebral ends have already been described (p. 370). Further modifica- 
tions result from the attachments of their anterior extremities, and it is convenient 
therefore to consider separately the .movements of the ribs of the three groups — 
vertebrosternal, vertebrochondral, and vertebral. 



THE MECHANISM OF THE THORAX 


Vertebrosternal ribs { figs. 482, 483). -The first rib difiers from the others of this 
group in that its attachment to the sternum is a rigid one ; this is counterbalanced 
to some extent by •the fact 


that its head possesses no 
interarticular ligament, and 
is therefore more movable. 
The first pair of ribs with 
the manubrium sterni 


Fig. 482..-— A lateral view of the first and the seventh ribs 
in position, showing the movements of the sternum and 
ribs in, a, ordinary expiration; b, quiet inspiration; 
c, deep inspiration. 


move as a single piece, the 
anterior portion being ele- 
vated by rotatory move- 
ments at the vertebral 
extremities. In normal 
quiet respiration the move- 
ment of this arc is practi- 
cally nil ; when it does 
occur the anterior part is 
raised and carried for- 
wards, increasing the an- 
teroposterior and trans- 
verse diameters of this 
region of the chest. The 
movement of the second 
rib is also slight in normal 
respiration, as its anterior 
extremity is fixed to the 
manubrium, and prevented 
therefore from moving 
upwards. The sternocos- 
tal articulation, however. 



allows the middle of the body of the rib to be drawn up, and in this way 
the transverse thoracic diameter is increased. Elevation of the third, fourth, fifth, 


Fig. 483. — A diagram showing the axis 
of movement (ab and cd) of a 
vertebrosternal rib. The interrupted 
lines indicate the position of the rib 
in inspiration. 


Fig. 484. — A diagram showing the axes 
of movement (ab) of a vertebrochon- 
dral rib. The interrupted lines 
indicate the position of the rib in 
inspiration. 



and sixth ribs raises and thrusts forwards their anterior extremities, the greater 
part of the movement being effected by the rotation of the rib-neck backwards. 
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The thrust of the anterior extremities carries forwards and upwards the body of 
the sternum, which moves on the joint between it and the manubrium, and thus 
the anteroposterior thoracic diameter is increased. This movement is, however, 
soon arrested, and the elevating force is then expended in raising the middle part 
of the body of the rib and everting its lower border ; at the same time the costo- 
chondral angle is opened out. By these latter movements a considerable increase 
in the transverse diameter of the thorax is effected. 

Vertebrochondral ribs (fig. 484). — The seventh rib is included with this group, 
as it conforms more closely to their type. While the movements of these ribs assist 
in enlarging the thorax for respiratory purposes, they are also concerned in increasing 
the upper abdominal space for viscera displaced by the action of the Diaphragm. 
The costal cartilages articulate with one another, so that each pushes up that above 
it, the final thrust being directed to pushing forwards and upwards the lower end 
of the body of the sternum. The amount of elevation of the anterior extremities 
is limited on account of the very slight rotation of the rib-neck. Elevation of 
the shaft is accompanied by an outward and backward movement ; the outward 
movement everts the anterior end of the rib and opens up the subcostal angle, 
while the backward movement pulls back the anterior extremity and counteracts 
the forward thrust due to its elevation ; this latter is most noticeable in the lower 
ribs, which are the shortest. The total result is a considerable increase in the 
transverse and a diminution in the median anteroposterior diameter of the upper 
part of the abdomen ; at the same time, however, the lateral anteroposterior 
diameters of the abdomen are increased. 

Vertebral ribs . — Since these ribs have free anterior extremities and only costo- 
central articulations with no interarticular ligaments, they are capable of slight 
movements in all directions. When the other ribs are elevated these are depressed 
and fixed to form points of action for the Diaphragm. 

Muscles producing the movements. — These are discussed with the mechanism 
of respiration (p. 468). 


THE ARTICULATIONS OF THE UPPER EXTREMITY 


The articulations of the upper extremity comprise the following : 


. 1 . 

II. 

III. 

IV. 
V. 


The sternoclavicular. VI. 

The acromioclavicular. VII. 

The humeral (shoulder). VIII. 

The cubital (elbow). IX. 

The radio-ulnar. X. 


XI. The digital. 


The radiocarpal (wrist). 
The intercarpal. 

The carpometacarpal. 

The intermetaearpal. 

The metacarpophalangeal. 


I. THE STERNOCLAVICULAR ARTICULATION (fig. 485) 

The sternoclavicular articulation is a double arthrodial joint, the joint- 
cavity being subdivided by an articular disc. The parts entering into its 
formation are the sternal end of the clavicle, the lateral part of the superior 
border of the manubrium sterni, and the cartilage of the first rib. The articular 
surface of the clavicle is much larger than that of the sternum, and is covered 
with a layer of cartilage,* which is considerably thicker than that on the 
sternum. The ligaments of this joint are : 

The articular capsule. Interclavicular. 

Sternoclavicular. Costoclavicular. 

The articular capsule surrounds the articulation ; in front and behind 
it is of considerable thickness, but above, and especially below, it is thin and 
partakes more of the character of areolar than of true fibrous tissue. 

The sternoclavicular ligament is a broad band, covering the anterior sur- 
face of the articulation ; it is attached above to the upper and front part of the 

* According to Bruch, the sternal end of the clavicle is covered by a tissue which is fibrous 
rather than cartilaginous in structure. 
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sternal end of the elaviele, and, passing obliquely downwards and medial wards, 
is attached below to the front of the upper part of the manubrium sterni. 

The mterdavicular ligament is continuous above with the fascia colli 
(deep cervical fascia) ; it passes from the upper part of the sternal end of 
one clavicle to that of the other, and is also attached to the upper margin 
of the manubrium sterni. 

The costoclavicular ligament (rhomboid ligament) is short, flat, strong, 
form. Attached below to the upper surface of the cartilage 
of the first rib, it ascends backwards and laterahvards, and is fixed above to 
the costal tuberosity on the under surface of the clavicle. 


f io. 485.- Ihe sternoclavicular articulations. Anterior aspect. 



The articular disc is flat and nearly circular, and is interposed between the 
articulating surfaces of the sternum and clavicle. It is attached, above to 
the upper and posterior border of the articular surface of the clavicle ; below 
to the cartilage of the first rib, near its junction with the sternum ; and by 
the rest of its circumference to the articular capsule. It is thicker at the 
circumference than at the centre, and divides the joint into two cavities ; each 
of its surfaces is clothed v ith a synovial stratum. 

The arteries supplying the joint are derived from the internal mammary 
and transverse scapidar arteries ; the nerves , from the anterior supraclavicular 
nerves. 

Movements.— This articulation admits of a limited amount of movement in nearly 
every direction — upwards, downwards, backwards, forwards, as well as circum- 
duction. When these movements take place in the joint, the clavicle in its motion 
carries the scapula with it, this bone gliding on the outer surface of the chest. This 
joint therefore forms the centre from which all movements of the supporting arch 
of the shoulder originate, and is the only point of articulation of the shoulder-girdle 
with the trunk. The movements attendant on elevation and depression of the 
shoulder take place between the clavicle and the articular disc. When the shoulder 
is moved forwards and backwards, the clavicle, with the articular disc, rolls to and 
fro on the articular surface of the sternum. Elevation of the shoulder is limited 
principally by the costoclavicular ligament ; depression, by the interclavicular 
ligament, and articular disc. 

Applied Anatomy . — The strength of this joint depends upon its ligaments, and 
especially on the articular disc. It is owing to these, and to the fact that :he force oi the 
blow is usually transmitted along the long axis of the clavicle, that dislocation rarely 
occurs, and that the clavicle is broken rather than displaced. Dislocation may be either 
forwards, backwards or upwards. Should the clavicle be displaced backwards it may 
cause pressure on the trachea and great vessels of the neck. The chief point worthy of 
note, as regards the construction of the joint, in connexion with dislocation, is the fact 
that, owing to the shape of the articular surfaces, and the strength of the joint mainly 
depending upon the ligaments, the displacement when reduced is very liable to recur. 
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II. THE ACROMIOCLAVICULAR ARTICULATION 


The acromioclavicular articulation (fig. 486) is an arthrodial joint between 
the acromial end of the clavicle and the medial margin of the acromion of the 
scapula. Its ligaments are : 


The articular capsule. 
Acromioclavicular. 


Corac ocla vicular 


/ Trapezoid 
(and Conoid. 


The articular capsule completely surrounds the articular margins, and 
is strengthened above by the acromioclavicular ligament. 



The acromioclavicular ligament is a quadrilateral band, covering the 
superior part of the articulation, and extending between the upper part of 
the acromial end of the clavicle and the adjoining part of the upper surface 
of the acromion ; it is composed of parallel fibres, which interlace with the 
aponeuroses of the Trapezius and Deltoideus. 

An articular disc is sometimes found in this joint ; when present, it 
generally occupies the upper part of the articulation, and only partially 
separates the articular surfaces. More rarely, it completely divides the joint 
into two cavities. 

The coracoclavicular ligament (fig. 486) connects the clavicle with 
the coracoid process of the scapula. It does not properly belong to the acromio- 
clavicular articulation, but is usually described with it since it forms a most 
efficient means of retaining the clavicle in contact with the acromion. It 
consists of two parts, viz. the trapezoid and conoid ligaments , which are usually 
separated by a bursa. 

The trapezoid ligament , the anterior and lateral fasciculus, is broad, thin, 
and quadrilateral. It is attached, below, to the upper surface of the coracoid 
process ; above, to the oblique ridge on the under surface of the clavicle. 
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Its anterior border is free, its posterior is joined with the conoid ligament, 
the two forming, by their junction, an angle projecting backwards. 

The conoid ligament , the posterior and medial fasciculus, is a dense band of 
fibres, conical in form, with its base directed upwards. Its apex is attached 
to a rough impression at the junction of the ascending and horizontal portions 
of the coracoid process, medial to the trapezoid ligament ; its base is fixed 
to the coracoid tuberosity on the under surface of the clavicle, and to a line 
proceeding medialwards from it for 1*25 cm. 

The arteries supplying the joint are derived from the transverse scapular 
and thoraco-acromial arteries ; the nerve is a branch of the suprascapular 
nerve. 

Movements. — The movements of this articulation are of two kinds : (1) a gliding 
motion of the articular end of the clavicle on the acromion ; (2) rotation of the 
scapula forwards and backwards upon the clavicle. The extent of this rotation is 
limited by the two portions of the coracoclavicular ligament, the trapezoid limiting 
rotation forwards, and the conoid backwards. 

The acromioclavicular joint has important functions in the movements of the 
upper extremity. Humphry * pointed out that if there had been no joint between 
the clavicle and scapula, the circular movement of the scapula on the ribs (as in 
throwing the shoulders backwards or forwards) would have been attended with 
a greater alteration in the direction of the shoulder than is consistent with the 
free use of the arm in such positions, and it would have been impossible to give 
a blow straight forwards with the full force of the arm : that is to say, with the 
combined force of the scapula, arm, and forearm. ‘ This joint, 5 as he happily 
says, ‘ is so adjusted as to enable either- bone to turn in a hinge-like manner upon a 
vertical axis drawn through the other, and it permits the surfaces of the scapula, 
like the baskets in a roundabout swing, to look the same way in every position, or 
nearly so. 5 Again, when the whole arch formed by the clavicle and scapula rises 
and falls (in elevation or depression of the shoulder), the joint between these two 
bones enables the scapula still to maintain its lower part in contact with the ribs. 

Applied Anatomy . — The acromioclavicular joint owes its security mainly to the 
coracoclavicular ligament. Owing to the slanting shape of the articular surfaces of this 
joint, dislocation generally occurs upwards; that is to say, the acromial end of the clavicle 
is displaced above the acromion of the scapula. The displacement is often incomplete, 
on account of the strong coracoclavicular ligaments, which remain untorn. The same 
difficulty exists, as in the sternoclavicular dislocation, in maintaining the end of the bone 
in position after reduction. 


THE LIGAMENTS OF THE SCAPULA 

The ligaments of the scapula (fig. 486) are the coraco -acromial, and the 
superior and inferior transverse. 

The coraco-acromial ligament is a strong triangular band, extending 
between the coracoid process and the acromion. Its apex is attached to the 
edge of the acromion just in front of the articular surface for the clavicle ; 
and its base to the wffiole length of the lateral border of the coracoid process. 
This ligament, together with the coracoid process and the acromion, forms an 
arch for the protection of the head of the humerus. It sometimes consists 
of two strong marginal, bands and a thinner intervening portion, the two bands 
being attached respectively to the apex and the base of the coracoid process, 
and joining together at the acromion. 

When the Pectoralis minor is inserted, as* it is occasionally, into the 
capsule of the shoulder- joint instead of into the coracoid process, the tendon 
of the muscle passes between the two bands of the coraco-acromial ligament. 

The superior transverse ligament (suprascapular ligament) converts the 
scapular notch into a foramen, and is sometimes ossified. It is a thin and 
flat fasciculus, narrower at the middle than at the extremities, which are attached 
to the base of the coracoid process and the medial end of the scapular notch 
respectively. The suprascapular nerve runs through the foramen ; the trans- 
verse scapular vessels cross over the ligament. 

• A Treatise on the Human Skeleton. 
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The inferior transverse ligament (spinoglenoid ligament) is a weak 
membranous band, stretching from the lateral border of the spine of the scapula 
to the margin of the glenoid cavity. It forms an arch under which the trans- 
verse scapular vessels and suprascapular nerve enter the infraspinatous fossa. 
It is frequently absent. 


.. III. THE HUMERAL ARTICULATION OR SHOULDER-JOINT 

The shoulder- joint (figs. 486 to 489) is an enarthrodial or ball-and-socket joint. 
The bones entering into its formation are the hemispherical head of the humerus 
and the shallow glenoid cavity of the scapula, a construction which permits 
of very considerable movement, while the joint itself is protected against 


Pig. 487. — A section through 


ULLO OllUUiUCI" 


Tendon of long head of Biceps brachii 


Coracoid process 


Articular capsule 
I 


Superior transverse 
ligament of scapula 



displacement, by the muscles which surround it. The joint is also protected 
above by an arch, formed by the coracoigl process, the acromion, and the 
coraco-acromial ligament. The articular cartilage on the head of the humerus 
is thicker at the centre than at the circumference, the reverse being the case 
with the articular cartilage of the glenoid cavity. The ligaments of the 
articulation are : 

The articular capsule. The glenoidal labrum. 

Coracohumeral. Transverse humeral . 

The articular capsule (figs. 486 to 488) envelops the joint, and is attached, 
above, to the cir.Quroference of the glenoid cavity beyond the glenoidal labrum ; 
below, to the anatomical neck of the humerus, approaching nearer to the 
articular cartilage at the upper than at the lower part of the neck. It is thicker 
above and below than elsewhere, and is so remarkably loose and lax, that the 
bones may be separated from each other for a distance of 2 or 3 cm., an 
evident provision for the great freedom of movement which is permitted at 
this articulation. It is strengthened, above, by the Supraspinatus ; below,) 
by the long head of the Triceps brachii ; behind, by the tendons of the Infra- f 
spinatus and Teres minor ; and in front, by the tendon of the Subscapularis . } 



THE HUMERAL ARTICULATION OR SHOULDER-JOINT 379 

There are usually three openings in the capsule. One anteriorly, below the 
eoracoid process establishes a communication between the joint and a bursa 
beneath the tendon of the Subscapularis ; another, between the tubercles of the 
humerus, gives passage to the long tendon of the Biceps brachii ; the third 
which is not constant, is at the posterior part, between the joint and a bursal 
sac under the tendon of the Infraspinatus. 

Three supplemental bands (fig. 489) which are named the glenohumeral 
ligaments, strengthen the capsule. These are best seen by opening the posterior 
part of the capsule of the joint and removing the head of the humerus At 
their scapular ends they are all attached to the upper part of the medial margin 


lie. 488. The articular capsule of the right shoulder- joint (distended). Anterior 
aspect. (From a specimen prepared by J. C. B. Grant.) 



of the glenoid cavity and are intimately connected with the glenoidal labrum. 
The siiperiorB^nd passes along the medial edge of the tendon of Biceps brachii 
and is attached to a small depression above the lesser tubercle of the humerus ; 
the middle band reaches the lower part of the lessor tubercle ; the inferior band 
extends to the lower part of the anatomical neck of the humerus. In addition 
to these, the capsule is strengthened in front by two bands, one derived from 
the tendon of the Pect oralis major, the other from the tendon of the Teres 
major. 

The synovial stratum is reflected from the margin of the glenoid cavity over 
the glenoidal labrum ; it is then continued over the inner surface of the capsule, 
and covers the lower part and sides of the anatomical neck of the humerus 
as far as the articular cartilage on the head of the bone. The tendon of the long 
head of the Biceps brachii passes through the fibrous stratum of the capsule 
and is enclosed in a tubular sheath of the synovial stratum, which is reflected 
upon it from the summit of the glenoid cavity and is continued round the 
tendon into the intertubercular sulcus as far as the surgical neck of the humerus 
(fig. 488). 

The coracohumeral ligament is a broad band which strengthens the 
upper part of the capsule. It arises from the lateral border of the root of 
the coracoid process * and passes obliquely downwards and lateral wards to the 
front of the g%&&tg£ tph^rclft of t he humerus, blending with the tendon of 
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the Supraspinatus. The hinder and lower border of the ligament is united 
to the capsule ; its anterior and upper border is free, and overlaps the capsule. 

The transverse humeral ligament (fig. 4S8) is a broad band passing from 
the lesser to the greater tubercle of the humerus ; it converts the intertubercular 
sulcus into a canal, and its attachment is always limited to that portion of 
the bone which lies above the epiphysial line. 

The glenoidal labrum (glenoid ligament) (fig. 489) is a fibrocartilaginous rim 
attached round the margin of the glenoid cavity. It is triangular on section 
the being fixed to the circu inference of: the cavity, while the free edge 
is thin and sharp. It is continuous above with the tendon of the long head 
of the Biceps brachii, which gives off two fasciculi to blend with the fibrous 
tissue of the labrum. It deepens the articular cavity, and protects the edges 
of the bone. Its attachment to the margin of the glenoid cavity is sometimes 
deficient in parts ; the deficiency occurs most commonly at the notch on the 
upper part of the medial margin, and a small fringe of the synovial stratum 
occasionally protrudes through the gap. 

Fig. 489. — Interior of shoulder- joint. Lateral aspect. 


Long head of Biceps brachii 



Bursae. — The bursae in the neighbourhood of the shoulder- joint are the following : 
(1) cne is constantly found between the tendon of the Subscapularis and the joint- 
capsule : it communicates with the synovial cavity through an opening in the 
front of the capsule ; (2) one is sometimes found between the tendon of the Infra- 
spinatus and the capsule ; it occasionally opens into the joint ; (3) a large one 
exists between the under surface of the Deltoideus and the capsule, but does not 
communicate with the joint : this bursa is prolonged under the acromion and 
coraco-acromial ligament, and intervenes between these structures and the capsule ; 
(4) a large one is situated on the summit of the acromion ; (5) one is frequently 
found between the coracoid process and the capsule; (6) one 1 exists beneath the 
Coracobrachialis ; (7) one lies between the Teres major and the long head of the 
Triceps brachii ; (8) one is placed in front of, and another behind, the tendon of 
the Latissimus dorsi. 

The muscles in relation with the joint are, above, the Supraspinatus ; below, 
the long head of the Triceps brachii ; in front, the Subscapularis ; behind, the 
Infraspinatus and Teres minor ; within, the tendon of the long head of the Biceps 
brachii. The Deltoideus covers the articulation in front, behind, and laterally. 

The arteries supplying the joint are derived from the anterior and posterior 
humeral circumflex, and transverse scapular arteries ; the nerves , from the axillary 
(circumflex) and suprascapular nerves. 
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for the attachment of ligaments. The plantar surface , irregularly concave, 
displays on its lateral part a downward projection of varying size, the plantar 
process , to which a portion of the plantar calcaneonavicular ligament is attached. 
The medial surface consists of a rounded tuberosity , the lower part of which 
gives insertion to a large part of the tendon of the Tibialis posterior. Between 
the tuberosity and the plantar process is a groove for the lodgment of a part 
of the tendon of the Tibialis posterior. The lateral surface is rough and irregular 
for the attachment of ligaments, and frequently presents a facet for articulation 
with the cuboid bone. 


The Cuneiform Bones (Ossa Cuneiformia) 

The cuneiform bones (fig. 439), three wedge-shaped bones, articulate with 
the navicular bone behind and with the first, second, and third metatarsal bones 
in front ; the first cuneiform bone is the largest, and the second the smallest. 
In the articulated foot the posterior surfaces of the three cuneiform bones form 
a slight concavity for the navicular, but the anterior portions of the first and 
third project in front of the anterior surface of the second, and form with it 
a deep recess in which the base of the second metatarsal bone is lodged. 

The first cuneiform bone (os cuneiform© primum) (fig. 450) is situated 
at the medial side of the foot, between the navicular bone behind and the base 
of the first metatarsal bone in front. 


Fig. 450. — The first left cuneiform bone. a. Medial aspect, r. Lateral aspect. 

For 1st metatarsal bone For 2nd metatarsal bone For 2nd cuneiform bone 




For tendon of Tibialis anterior For navicular bone 


The medial surface is subcutaneous, broad and quadrilateral ; at its anterior 
plantar angle is a smooth oval impression, into which a part of the tendon of 
the Tibialis anterior is inserted. The lateral surface is concave ; along its 
superior and posterior borders is a narrow L-shaped articular surface, the vertical 
limb and posterior part of the horizontal limb of which articulate with the 
second cuneiform bone, while the anterior part of the horizontal limb articulates 
with the second metatarsal bone ; the facet for the second metatarsal bone is 
occasionally separated by a groove from that for the second cuneiform bone. 
The rest of this surface is rough for the attachment of ligaments and part of 
the tendon of the Peronseus longus. The anterior surface, large and kidney- 
shaped, articulates with the base of the first metatarsal bone. The posterior 
surface , triangular and concave, articulates with the medial facet on the anterior 
surface of the navicular bone. The plantar surface forms the base of the 
wedge ; at its posterior part is a tuberosity for the insertion of part of the 
tendon of the Tibialis posterior; in front of this a part of the tendon of 
the Tibialis anterior is inserted. The dorsal surface is the thin end of the 
wedge, and is^ directed upwards and lateralwards ; it is rough for the 
attachment of ligaments. 

The second cuneiform bone (os cuneiform© secundum) (fig. 451), of very 
regular wedge-like form, is situated between the first and third cuneiform 
bones. 
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which occur at these articulations. It strengthens the upper part of the articular 
joint, and prevents the head of the humerus from being pressed up against the 
acromion when the Deltoideus contracts ; it thus fixes the head of the humerus 
as the centre of motion in the glenoid cavity. By its passage along the intertuber- 
cular sulcus it assists in steadying the head of the humerus in the various movements 
of the arm.. When the arm is raised from the side the Biceps brachii assists the 
Supraspinatus and the Infraspinatus in rotating the head of the humerus in the 
glenoid cavity. It also holds the head of the bone firmly in contact with the glenoid 
cavity, and prevents it slipping over the lower edge, and also from being displaced 
by the action of the Latissimus dorsi and Pectoralis major, as in climbing and 
many other movements. 

Muscles producing the movements. — The muscles moving the shoulder may be 
divided into : (a) those acting on the shoulder-girdle, and (1) those acting on the 
shoulder-joint. 

(a) Muscles acting on the shoulder-girdle. — The chief effect of these muscles' 

is to displace the point of the shoulder, either by pulling directly on the 
shoulder-girdle or by rotating the scapula. The terms elevation, depression, 
etc., therefore refer to the point of the shoulder. 

Elevation. — Trapezius, Levator scapulae, Serratus anterior. 

Depression. — Pectoralis minor, Bhomboideus major, Subclavius. 

Forward movement. — Pectoralis minor, Serratus anterior, Subclavius. 

Backward movement. — Trapezius, Levator scapulae, Bhomboidei. 

(b) Muscles acting on the shoulder- joint. 

Flexion. — Subscapularis, Deltoideus (anterior part), Pectoralis major (clavi- 
cular head), Coracobrachialis, Biceps brachii. 

Extension. — Infraspinatus, Teres minor, Teres major, Latissimus dorsi, 
Triceps brachii (long head). 

A bduction . — Supraspinatus, Deltoideus . 

Adduction. — Subscapularis, Infraspinatus, Teres minor, Pectoralis major, 
Latissimus dorsi, Teres major, Coracobrachialis, Biceps brachii, Triceps 
brachii. 

Rotation inwards. — Subscapularis, Pectoralis major, Latissimus dorsi, Teres 
major. 

Rotation outwards. — Infraspinatus, Teres minor, Deltoideus (posterior fibres). 

Applied Anatomy. — Owing to the construction of the shoulder-joint and the freedom 
of movement which it enjoys, as well as in consequence of its exposed situation, it is more 
frequently dislocated than any other joint. Dislocation occurs when the arm is abducted, 
and when, therefore, the head of the humerus presses against the lower and front part of 
the capsule, which is the thinnest and least supported part of the ligament. The rent in 
the capsule almost invariably takes place in this situation, and through it the head of the 
bone escapes, so that the dislocation in most instances is primarily subglenoid. The 
head of the bone does not usually remain in this situation, between the tendons of the 
Subscapularis and the Triceps brachii, but generally assumes some other position, which 
varies according to the direction and amount of force producing the dislocation and the 
relative strength of the muscles in front of and behind the joint. As the muscles at the 
back are stronger than those in front, and especially since the long head of the Triceps 
brachii prevents the bone from passing backwards, dislocation forwards is much the more 
common. The most frequent position which the head of the humerus ultimately assumes 
is on the front of the neck of the scapula, beneath the coracoid process, and hence named 
subcoracoid. Occasionally, in consequence of a greater amount of force being brought 
to bear on the limb, the head is driven mriber medialwards, and rests on the upper part 
of the front of the chest, beneath the clavicle (subelavicular). Sometimes it remains 
in the position in which it was primarly dispJaced, resting on the axillary border of the 
scapula (subglenoid), ancl rarely it passes backwards and remains in the infraspinatous 
fossa, beneath the .-pine (sub-pinous). K. after the dislocation has been reduced, abduc- 
tion of the arm is prevail rod, List- <'iis!*:-c;itio:i cannot recur. 

Synovitis is attended with effusion into the joint, and when this occurs the capsule is 
evenly distended, and the contour of the joint rounded. Special projections may occur at 
the sites of the openings in the capsule. Thus a swelling may appear just medial to the 
lesser tubercle, from effusion into the bursa beneath the Subscapularis; or, again, a 
swelling which is sometimes bilobed may be seen in the interval between the Deltoideus 
and Pectoralis major, from effusion into the diverticulum which runs down the inter- 
tubercular groove with the tendon of the Biceps brachii. The effusion into the joint- 
cavity can be best ascertained by examination from the axilla, where a soft, elastic, 
fluctuating swelling can usually be felt. In cases of septic synovitis, where incision is 
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required, the opening should be made in front, over the most prominent point of the 
swelling. After the pus has been evacuated a counter-opening should be made behind, so 
as to ensure efficient drainage. In making this oounter-oporung care should be taken not 
to injure the axillary nerve, which here lies in cor"?;-; [\]- . joint-capsule. 

The bursa under the Deltoideus may be distended with fluid; this condition may be 
mistaken for effusion into the joint. 

Excision of the shoulder-joint may be required in cases of arthritis (especially the 
tuberculous form) which have gone on to destruction of the articulation; in compound 
dislocations and fractures, particularly those arising from gunshot injuries, in which 
there has been extensive injury to the head of the bone; in some cases of old unreduced 
dislocation, where there is much pain. The operation is best performed by making an 
incision from the middle of the coraeo-aeromial ligament down the arm for about 7 or 
8 cm.; this will expose the intertub ercular groove eontniumcr the tendon of the Biceps 
brachii, which should be hooked out of the way. The ar- ic- :la :■ capsule is freely opened, 
and the muscles attached to the greater and lesser tubercles of the humerus are stripped 
off with the capsule, without dividing their attachments to the latter. The head of the 
bone can then be thrust out of the wound and sawn off ; or divided with a narrow saw 
in situ and subsequently removed. The section should be made, if possible, just below 
the articular surface, so as to leave the bone as long as possible. 

When the shoulder- joint is ankylosed, the loss of movement in the joint is partly 
compensated for by increased mobility of the scapula. In treating conditions of the 
shoulder- joint likely to lead to ankylosis the humerus should be kept in the position it 
assumes when the palm of the hand is placed on the back of the neck, i.e. abducted, 
slightly rotated inwards, and flexed anteriorly, so as to make full use of this compensating 
mobility of the scapula. 


IV. THE CUBITAL ARTICULATION OR ELBOW-JOINT 

The elbow-joint includes three articulations : — (1) humero-ulnar , between 
the trochlea of the humerus and the semilunar notch of the ulna, (2) humero- 
radial, between the capitulum of the humerus and the fovea on the head of 
the radius, and (3) proximal radio-ulnar , where the circumference of the radial 
head is retained in the circle formed by the annular ligament and the radial 
notch of the ulna (see p. 387). All three are included in a common articular 
capsule. 

The humero-ulnar and humeroradial articulations together form a ginglymus 
or hinge-joint, the ligaments of which are : 

The articular capsule. Ulnar collateral. Radial collateral. 

The articular capsule (figs. 492 to 494). — The anterior part of the articular 
capsule is a broad and thin fibrous layer. It is attached, above, to the front of 
the medial epicondyle and to the front of the humerus immediately above the 
coronoid and radial fossae ; hdaw, to the anterior surface of the.coronoid process 
oJLthe ulna and to the annular ligament (p. 387), being continuous on either 
side with the collateral ligaments. Its superficial fibres pass obliquely from 
the medial epicondyle of the humerus to the annular ligament. The middle 
fibres, vertical in direction, pass from the upper part of the coronoid depression 
and become partly blended with the preceding, but are inserted mainly into the 
anterior surface of the coronoid process. The deep or transverse set intersects 
these at right angles. It is in relation, in front, with the Brachialis, except at 
its most lateral part. 

The posterior part of the articular capsule is thin and membranous, and 
consists of transverse and oblique fibres. Above, it is attached to the humerus 
immediately behind the capitulum and close to the medial margin of the 
trochlea, to the margins of the olecranon fossa, and to the back of the lateral 
epicondyle some little distance from the trochlea. Below, it is fixed to the 
upper and lateral margins of the olecranon, to the posterior part of the annular 
ligament, and to the ulna behind the radial notch. The transverse fibres 
form a strong fasciculus which bridges the olecranon fossa ; under cover of 
this band a pouch of the synovial stratum and a pad of fat are displaced 
into the upper part of the fossa when the joint is extended. In the fat are a 
few scattered fibrous bundles which pass from the deep surface of the transverse 
hand to the upper part of the fossa. It is in relation, behind, with the tendon 
of the Triceps brachii and the Anconseus. 
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The synovial stratum (figs. 490, 491) is very extensive. It extends from 
the margin of the articular surface of the humerus, and lines the coronoi? 
rad^l and olecranon fossae on that bone ; it is reflected over the deep surface 
. t l f, ca P s P I ® and lm f s tie deep surface of the annular ligament. Projecting 
into the jomt -cavity between the radius and ulna is a crescentic fdd oS 
synovial stratum, suggesting the division of the joint into two : one Sf 
humeroradial, the other the humero-ulnar. 


Fig.' 490. — The articular capsule of the left 
elbow-joint (distended). Anterior aspect. 
(From a specimen prepared by J. C. B. 
Grant.) 



Fig. 491. The articular capsule of the 
left elbow- joint (distended). Posterior 
aspect of the specimen represented in 
n'ff. 490. 



Between the fibrous and the synovial strata of the articular capsule are 
wi? fat ' Th ®i ar § e . st > over the olecranon fossa, is pressed into the 

anrl T nCep3 brachn during flexion ; the second, over the coronoid fossa, 

vaJLaH th f d ’ °J er . tlie radial fossa, are pressed by the Brachialis into their 
respective fossae during extension. 

, , . The ulnar collateral ligament (internal lateral ligament) (fig. 493) is a 

^■fi 1 'L ang A- band consistin g of two Portions, an anterior and a posterior, 
united by a thinner intermediate portion. The anterior portion, directed 
obliquely forwards is ^attached, above, by its apex, to the front part of the 
7 ° f vi 6 humerus; and, below, by its broad base, to the medial 
“ ooronoid process. The posterior portion, also of triangular form, 

eniccldvV- 5 ft®’ + y I 8 ape 5: the lower and back P art of the medial 

two Tfl nrl« n ^7; to tb , e medial margin of the olecranon. Between these 
f a few intermediate fibres descend from the medial epieondyle to an 
obhnue band which stretches between the olecranon and coronoid processes 
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and converts the depression on the medial margin of the semilunar notch into 
a foramen, through which the intra-articular pad of fat is continuous with 
the extra-articular fat on the medial side of the joint. The ulnar collateral 
ligament is in relation with the Triceps brachii and Elexor carpi ulnaris and 
the ulnar nerve, and gives origin to part of the Flexor digitorum sublimis. 


Fig. 492. — A sagittal section through the left elbow-joint. 
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The radial collateral ligament (external lateral ligament) (fig. 494), a short 
and narrow fibrous band, less distinct than the ulnar collateral, is attached, 
above, to the lower part of the lateral epicondyle of the humerus, and below 
to the ann ular. Il gam en t , while some of its most posterior fibres pass over that 
ligament to be inserted into the lateral margin of the ulna. It is intimately 
blended with the origins of the Supinator and Extensor carpi radialis brevis. 

The muscles in relation with the joint are, in front, the Brachialis ; behind, the 
Triceps brachii and Anconaeus laterally, the Supinator, and the common tendon 
of origin of the extensor muscles ; medially, the common tendon of origin of the 
flexor muscles, and the Flexor carpi ulnaris. 

The arteries supplying the joint are derived from the anastomosis between the 
profunda and the superior and inferior ulnar collateral branches of the brachial 
artery, with the anterior, posterior, and interosseous recurrent branches of the 
ulnar artery, and the recurrent branch of the radial artery. These vessels form 
an anastomotic network around the joint. _ 

The nerves of the joint consist of a twig from the ulnar nerve, as the latter 
passes between the medial condyle and the olecranon ; a filament from the branch 
of the musculocutaneous nerve to the Brachialis, and two from the median nerve. 
The movements at the elbow- joint are described on p. 388. 
a. a. n 
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Fig. 493. — -The left elbow-joint. Medial aspect. 



Fig. 494. — The left elbow- joint. Lateral aspect. 
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V. THE RADIO-ULNAR ARTICULATIONS 

The articulation of the radius with the ulna is effected by ligaments which 
connect together the extremities and also the bodies of these bones. The 
ligaments may, consequently, be subdivided into three sets : 1, those of the 
proximal radio-ulnar articulation ; 2, the middle radio-ulnar ligaments ■; 

3, those of the distal radio-ulnar articulation. 


1. The Proximal Radio-ulnar Articulation 

This articulation forms a -trochoid or pivot- joint between the circumference 
of the head of the radius and the ring formed by the radial notch of the ulna 
and the annular ligament. 

The annular ligament (orbicular ligament) (fig. 495) is a strong band 
of fibres, which encircles the head of the radius, and retains it in contact with 
the radial notch of the ulna. It forms about four-fifths of the osseofibrous 

Fig. 495. — The annular ligament of the left radius. Superior aspect. The head 
of the radius has been sawn off and the bone dislodged from the ligament. 

Head of radius (cut) 



ring and is attached to the anterior and posterior margins of the radial notch ; 
a few of its lower fibres are continued round below the notch and form at this 
level a complete fibrous ring. Its upper border blends with the radial collateral 
figment and the anterior and posterior parts of the articular capsule of the 
elbow-joint, while from its lower border a thin loose membrane passes to be 
attached to the neck of the radius. A thickened band which extends from the 
inferior border of the annular ligament below the radial notch to the neck of 
the radius is known as the quadrate ligament. The superficial surface of. the 
annular ligament is strengthened by the radial collateral ligament of the elbow, 
and affords origin to part of the Supinator. Its deep surface is lined with a 
synovial stratum which is continuous with that of the elbow-joint. 

Movements. — The movements allowed in this articulation are limited to rotatory 
movements of the head of the radius within the ring formed by the annular ligament 
and the radial notch of the ulna ; rotation forwards being called pronation ; rotation 
backwards, supination. 

2. The Middle Radio-ulnar Union 

The bodies of the radius and ulna are connected by the oblique cord and 
the antibrachial interosseous membrane. 

The oblique cord (fig. 493) is a small, flattened band, extending from the 
lateral side of the tubercle of the ulna at the base of the coronoid process to 
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the radius a little below the radial tuberosity. Its fibres run at right angles to 
those of the interosseous membrane. It is sometimes wanting. 

The antibrachial interosseous membrane is a broad and thin sheet, the 
fibres of which slant obliquely downwards and medialwards from the inter- 
osseous crest of the radius to that of the ulna ; the lower part of the membrane 
is attached to the posterior of the two lines into which the interosseous crest 
of the radius divides. Two or three bands are occasionally found on the dorsal 
surface of this membrane ; their fibres descend obliquely from the ulna towards 
the radius, i.e. at right angles to the other fibres. The membrane is deficient 
above, commencing about 2 or 3 cm. below the tuberosity of the radius ; is 
broader in the middle than at either end ; and presents an oval aperture a 
little above its lower margin, for the passage of the volar interosseous vessels 
to the back -of the forearm. Between its upper border and the oblique cord 
is a gap, through which the dorsal interosseous vessels pass. The membrane 
connects the bones, and increases the extent of surface for the attachment of 
the deep muscles of the forearm. It also transmits to the ulna and. thence 
to the humerus any force acting upwards through the hand and radius. It 
is relaxed in complete pronation or supination, and is tense when the hand is 
midway between the prone and supine positions. In front , the membrane is 
in relation, in its upper three-fourths, with the Elexor pollicis longus on the 
radial side, and with the Flexor digitorum profundus on the ulnar side ; between 
these muscles are the volar interosseous vessels and nerve ; in its lower one- 
fourth with the Pronator quadratus ; behind, with the Supinator, Abductor 
pollicis longus, Extensor pollicis brevis, Extensor pollicis longus, Extensor 
indicis proprius ; and, near the wrist, with the volar interosseous artery and 
dorsal interosseous nerve. 


3. The Distal Radio-ulnar Articulation 

This is a pivot- joint formed between the head of the ulna and the ulnar 
notch of the lower end of the radius ; the surfaces are enclosed in an articular 
capsule and held together by an articular disc. 

The articular capsule is slightly thickened in front and behind ; above, 
it is lax, and with the synovial stratum, projects upwards as a pouch (recessus 
sacciformis) between the radius and the ulna. 

The articular disc (fig. 498), triangular in shape, binds the lower ends of 
the ulna and radius firmly together. Its periphery is thicker than its centre, 
which is occasionally perforated. It is attached by its apex to a depression 
between the styloid process and the head of the ulna ; and by its base, which 
is thin, to the prominent edge which separates the ulnar notch from the carpal 
articular surface of the radius. Its margins are united to the ligaments of the 
wrist- joint. Its 'proximal surface , smooth and concave, articulates with the 
head of the ulna. Its distal surface, also smooth and concave, forms a part of 
the radiocarpal joint and articulates -with the medial part of the lunate bone ; 
when the hand is adducted it articulates with the triquetral bone. Each of 
its surfaces is clothed with a synovial stratum : the proximal, with that of the 
distal radio-ulnar articulation ; the distal, with that of the radiocarpal joint. 

Movements. — The movements of the three joints within the elbow should be 
studied together. The combination of the movements of flexion and extension of 
the forearm with those of pronation and supination of the hand, which is ensured 
by the two being performed at the same joint, is essential to the accuracy of the 
various minute movements of the hand. . . ... 

The portion of the joint between the ulna and humerus is a^ simple hinge-joint, 
and allows of movements of flexion and extension only, but owing to^ the obliquity 
of the trochlea of the humerus, this movement does not take place in the antero- 
posterior plane of the body of the humerus. When the forearm is extended and 
supinated, the axes of the arm and forearm are not in the same fine ; . the arm forms 
an obtuse angle with the forearm, the hand and forearm being directed lateral- 
wards. During flexion, however, the forearm and the hand tend to approach the 
middle line of the body, and thus enable the hand to be easily carried to the face. 
The accurate adaptation of the trochlea of the humerus, with its prominence's and 
depressions, to the semilunar notch of the ulna, prevents any lateral movement. 
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The joint between the head of the radius and the capitulum of the humerus is 
an arthrodial joint. The bony surfaces would of themselves constitute an enar- 
throsis and allow of movement in all directions, were it not for the annular ligament, 
by which the head of the radius is bound to the radial notch of the ulna, and which 
prevents any lateral separation of the two bones. It is to the same ligament that 
the head of the radius owes its security from dislocation, which would otherwise 
tend to occur, from the shallowness of the cup-like surface on the head of the radius. 
In fact, but for this ligament, the tendon of the Biceps brachii would be liable 
to pull the head of the radius out of the joint. The head of the radius is not in 
complete contact with the capitulum of the humerus in all positions of the joint. 
The capitulum occupies only the anterior and inferior surfaces of the lower end 
of the humerus, so that in complete extension a part of the radial head can be 
plainly felt projecting at the back of the articulation. In full flexion the movement 
of the radial head is hampered by the compression of the surrounding soft parts, 
so that the freest rotatory movement of the radius on the humerus (pronation 
and supination) takes place in semiflexion, in which position the two articular 
surfaces are in most intimate contact. Flexion and extension of the elbow-joint 
are limited by the tension of the structures on the front and back of the joint ; the 
limitation of flexion is also aided by the soft structures of the arm and forearm 
coming into contact. 

In any position of flexion or extension, the radius, carrying the hand with it, 
can be rotated in the proximal radio-ulnar joint. The hand is directly articulated 
to the lower surface of the radius only, and the ulnar notch on the lower end of 
the radius travels round the lower end of the ulna. The latter bone is excluded 
from the wrist- joint by the articular disc. Thus, rotation of the head of the radius 
round an axis passing through the centre of the capitulum of the humerus imparts 
circular movement to the hand through a very considerable arc. 

The movements in the distal radio -ulnar articulation consist of rotation of the 
lower end of the radius round an axis which passes through the centre of the head 
of the ulna. When the radius rotates forwards, pronation of the forearm and hand 
is the result ; and when backwards, supination. It will thus be seen that in 
pronation and supination the radius describes the segment of a cone, the axis of 
which extends from the centre of the head of the radius to the middle of the head 
of the ulna. In this movement the head of the ulna is not stationary, but describes 
a curve in a direction opposite to that taken by the head of the radius. This, 
however, is not to be regarded as a rotation of the ulna — the curve which the head of 
this bone describes is due to a combined anteroposterior and rotatory movement 
taking place at the elbow-joint. 

Muscles producing the movements. — These muscles may be grouped as (a) those 
acting on the humero-ulnar and humeroradial joints, and (b) those acting on the 
radio-ulnar joints. 

(а) Muscles acting on the humero-ulnar and humeroradial joints : 

Flexion. — Brachialis, Brachioradialis, Biceps brachii, Pronator teres. 

Extension. — Triceps brachii, Anconseus. 

(б) Muscles acting on the radio-ulnar joints : 

Pronation. — Pronator teres, Pronator quadratus. 

Supination. — Supinator, Biceps brachii. 

Applied Anatomy . — From the breadth of the elbow-joint, and the manner in which 
the articular surfaces are interlocked, and also on account of the strong collateral liga- 
ments and the support which the joint derives from the mass of muscles attached to the 
epicondyles of the humerus, lateral displacement of the bones is very uncommon ; whereas 
anteroposterior dislocation, on account of the shortness of the anteroposterior diameter, 
the weakness of the anterior and posterior parts of the articular capsule, and the want of 
support of muscles, occurs much more frequently. Dislocation backwards takes place 
when the forearm is ir. a pettier of extension, and forwards when in a position of flexion. 
For, in the extended poslrion, coronoid process is not locked into the coronoid fossa, 
and loses its grip to a certain extent, whereas the olecranon is in the olecranon fossa, 
and entirely prevents displacement forwards. On the other hand, during flexion, the 
coronoid process is in the coronoid fossa, and prevents dislocation backwards, while 
the olecranon, having left the olecranon fossa, is not so efficient in preventing a forward 
displacement. For the production of lateral dislocation it is necessary that the force 
should be applied laterally and that either the humerus or the bones of the forearm should 
be fixed. This is probably the chief reason why this dislocation is so rare ; when it does 
occur it is generally incomplete. Dislocation of the elbow-joint is common in children. 
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b. Muscles acting indirectly on the vertebral column. 

Flexion . — Sternocleidomastoideus, Longus capitis and the abdominal muscles. 
Extension . — Splenius capitis, Semispinalis capitis, Iliocostales lumborum et 
dorsi, and Longissimi dorsi et capitis. 

Lateral flexion and rotation. — Sternocleidomastoideus, Obliqui abdominis, 
Iliocostales lumborum et dorsi, and Longissimi dorsi et capitis. 


4. The Articulation of the Atlas with the Epistropheus 

The articulation of the atlas with the epistropheus is of a complicated 
nature and comprises three joints. There is a pivot-joint between the dens 
of the epistropheus and the ring formed by the anterior arch and the transverse 


Fig. 473. — The anterior atlanto-oecipital membrane. 
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ligament of the atlas (fig. 475), and a pair of arthrodial or gliding joints between 
the articular surfaces of the two bones. The bones are connected by two 
articular capsules and by the transverse ligament of the atlas. 

The articular capsules are thin and loose, and surround the joints between 
the articular surfaces. Each is strengthened at its posterior and medial part 
by an accessory ligament , which is attached below to the body of the epistro- 
pheus near the base of the dens, and above to the lateral mass of the atlas near 
the transverse ligament. 

In front, the two vertebrae are connected by a continuation of the anterior 
longitudinal ligament (fig. 473). In this position it is a strong membrane, 
fixed, above, to the lower border of the anterior arch of the atlas, and below, to 
the front of the body of the epistropheus. It is strengthened in the middle 
line by a rounded cord, w r hich connects the tubercle on the anterior arch of the 
atlas to the body of the epistropheus. 

Behind, the atlas and epistropheus are joined by a broad, thin membrane 
(fig. 473) attached, above, to the lower border of the posterior arch of the atlas, 
below, to the upper edges of the laminae of the epistropheus ; it is in series 
with the ligamenta flava. 
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The volar radiocarpal ligament (fig. 496) is a broad membranous band, 
attached above to the anterior margin of the distal end of the radius, to its 
styloid process, and to the front of the distal end of the ulna ; its fibres pass 
downwards and medialwards to be attached to the volar surfaces of the navi- 
cular, lunate, and triquetral bones, some being continued to the capitate bone. 

Pig. 496. — The ligaments of the left wrist and metacarpus. Polar aspect. 
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In addition to this broad membrane, there is a rounded fasciculus, superficial 
to the rest, which reaches from the base of the styloid process of the ulna to 
the lunate and triquetral bones. The ligament is perforated by apertures for the 
passage of vessels, and is in relation, in front, with the tendons of the Flexor 
digit orum profundus and Flexor pollicis longus ; behind, it ishlosely adherent to 
the anterior border of the articular disc of the distal radio-ulnar articulation. 

The dorsal radiocarpal ligament (fig. 497), less thick and strong than 
the volar, is attached, above, to the posterior border of the distal end of the 
^dius ; its fibres are directed obliquely downwards and medialwards, and are 
fixed, below, to the dorsal surfaces of the navicular, lunate, and triquetral 
bones, l)eing continuous with those of the dorsal intercarpal ligaments. It is 
in relation, behind, with the extensor tendons of the fingers ; in front, it 
is blended with the articular disc of the distal radio-ulnar articulation. 
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The ulnar collateral ligament (internal lateral ligament) (figs. 496, 497) 
is attached to the end of the styloid process of the ulna ; it divides into two 
fasciculi, one of which is fixed to the medial side of the triqqgjfcral bone, the 
other to the pisiform bone. 

The radial collateral ligament (external lateral ligament) (figs. 496, 497) 
extends from the tip of the styloid process of the radius to the radial side of the 
navicular bone, some of its fibres being prolonged to the greater multangular 
bone. It is in relation with the radial artery, which separates the ligament 
from the tendons of the Abductor pollicis longus and Extensor pollicis brevis. 


Fig. 497. — The ligaments of the left wrist. Dorsal aspect. 



The arteries supplying the joint are the volar interosseous, the volar and dorsal 
carpal branches of the radial and ulnar, the volar and dorsal metacarpals, and 
some recurrent branches from the deep volar arch. The nerves are derived from 
the volar and dorsal interosseous nerves. 

Movements. — The movements permitted in this joint are flexion, extension, 
abduction, adduction, and circumduction. Flexion and extension are the most free, 
and of these a greater amount of extension than of flexion is permitted, since the 
articulating surfaces extend farther on the dorsal than on the volar surfaces of the 
carpal bones. In this movement the carpal bones rotate on a transverse axis drawn 
between the tips of the styloid processes of the radius and ulna. Adduction or 
ulnar flexion, and abduction or radial flexion are also permitted. The former is 
considerably greater in extent than the latter on account of the shortness of the 
styloid process of the ulna, abduction being soon limited by the contact of the styloid 
process of the radius with the greater multangular bone. In this movement the 
carpus revolves upon an anteroposterior axis drawn through the centre of the wrist.* 
Finally, circumduction is permitted by the combined and consecutive movements 
of adduction, extension, abduction, and flexion. No rotation is possible, but the 
effect of rotation is obtained by the pronation and supination of the radius on the 
ulna* 

* H. M. Johnston (Journal of Anatomy mid Physiology , vol. xli. ) maintains that in ulnar and 
radial flexion only slight lateral movement occurs at the radiocarpal joint, and that in complete 
flexion and extension of the hand there is a small degree of ulnar flexion at the radiocarpal joint. 



THE INTERCARP AL ARTICULATIONS 


393 


VIL THE INTERCARPAL ARTICULATIONS 

These articulations may be subdivided into three sets : (1) those of the 
proximal row of carpal bones ; (2) those of the distal row of carpal bones ; 
and (3) those of the two rows with each other. 


1. The Articulations of the Proximal Row of Carpal Bones 

These are arthrodial joints. The navicular, lunate, and triquetral are 
connected by dorsal, volar, and interosseous ligaments. 

The dorsal and volar ligaments, two of each, are placed transversely 
between the bones of the first row ; they connect the navicular and lunate 
bones, and the lunate and triquetral bones. The volar ligaments are weaker 
than the dorsal. 

The interosseous ligaments (fig. 498) are two narrow bundles, one con- 
necting the lunate and navicular bones, the other the lunate and triquetral 
bones. They are on a level with the proximal surfaces of these bones, and 
form part of the convex articular surface of the radiocarpal joint. 

The ligaments of the pisiform bone are : an articular capsule, and the piso- 
hamate and pisometacarpal ligaments. 

The articular capsule is thin and connects the pisiform to the triquetral. 
Its synovial stratum is distinct from that of the other carpal joints. 

The pisohamate ligament connects the pisiform and hamate bones, and 
the pisometacarpal ligament joins the pisiform bone to the base of the fifth 
metacarpal bone (fig. 496). These two ligaments are, in reality, prolonga- 
tions of the tendon of the Plexor carpi ulnaris. 


2. The Articulations of the Distal Row of Carpal Bones 

These also are arthrodial joints ; the bones are connected by dorsal, volar, 
and interosseous ligaments. 

The dorsal and volar ligaments, each three in number, extend transversely 
from one bone to another ; one connects the greater and lesser multangular 
bones, a second the lesser multangular and capitate bones, and a third the 
capitate and hamate bones. 

The three interosseous ligaments are much thicker than those of the 
proximal row ; one unites the capitate and hamate bones, a second the capitate 
and lesser multangular bones, and a third the greater and lesser multangular 
bones. The first is the strongest ; the third is sometimes wanting. 


3. The Articulations of the Two Rows of Carpal Bones with 

each other 

The joint between the navicular, lunate, and triquetral bones on the one 
hand, and the second row of carpal bones on the other, is named the mid-carpal 
joint , and is made up of three portions : in the centre the head of the capitate 
bone and the superior surface of the hamate bone articulate with the deep 
cup-shaped cavity formed by the navicular and lunate bones, and constitute 
a sort of ball-and-socket joint ; on the radial side the greater and lesser 
multangular bones articulate with the navicular bone, and on the ulnar side the 
hamate bone articulates with the triquetral bone, forming gliding joints. 

The ligaments are : dorsal, volar, ulnar, and radial collateral. 

The dorsal and volar ligaments consist of short, irregular bundles passing 
between the bones of the first and second rows. On the volar surface the fibres 
radiating from the head of the capitate bone to the surrounding bones form the 
ligamentum carpi radiatum . 

The collateral ligaments are very short : one is placed on the radial, the 
other on the ulnar side of the carpus : the former, the stronger and more 
distinct, connects the navicular and greater multangular bones, the latter the 

a. a. 1 n2 
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triquetral and hamate bones ; they are continuous with the collateral ligaments 
of the wrist -joint. In addition to these ligaments, a slender interosseous band 
sometimes connects the capitate and navicular bones. 

The synovial stratum of the carpus is very extensive (fig. 498), and 
bounds a cavity of very irregular shape. The proximal part of the cavity 
intervenes between the distal surfaces of the navicular, lunate, and triquetral 
bones and the proximal surfaces of the bones of the second row. It sends two 
prolongations upwards — between the navicular and lunate bones, and between 
the lunate and triquetral bones — and three downwards between the four 


Fig. 498. — A vertical section through the articulations at the right wrist, 
showing the synovial cavities. 



bones of the second row. The prolongation between the greater and lesser 
multangular bones, or that between the lesser multangular and capitate bones 1 ; 
is, owing to the absence of the interosseous ligament, often continuous with 
the cavity of the carpometacarpal joints, sometimes of the second, third, 
fourth, and fifth metacarpal bones, sometimes of the second and third only. 
In the latter condition the joint between the hamate bone and the fourth 
and fifth metacarpal bones has a separate synovial stratum. The synovial 
cavities of these joints are prolonged for a short distance between the bases 
of the metacarpal bones. There is a separate synovial stratum between the 
pisiform and triquetral bones. 

Movements. — The chief movements permitted in the mid-carpal joint are flexion 
and extension, flexion being freer than extension. A very slight amount of rotation 
is also permitted, the head of the capitate bone rotating round a vertical axis 
drawn through its own centre. 

Muscles producing the movements : 

Flexion . — Flexor carpi radialis, Flexor carpi ulnaris, Palmaris longus, Flexores 
digitorum sublimis et profundus, Flexor pollicis longus. 

Extension . — Extensores carpi radiales longus et brevis, Extensor carpi ulnaris, 
Extensor digitorum communis, Extensores pollicis longus et brevis, 
Extensor indicis proprius, Extensor digiti quinti proprius. 

Adduction . — Flexor carpi ulnaris, Extensor carpi ulnaris. 

Abduction . — Abductor pollicis longus, Extensores pollicis longus et brevis, 
Extensor carpi radialis longus. 
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Applied Anatomy .— The radiocarpal joint is rarely dislocated, its strength depending 
mainly upon the numerous strong tendons which surround the articulation. Its security 
is further provided for by the number of small bones of which the carpus is made up, and 
which are united by very strong ligaments. The slight movements which take place 
between the several bones serve to break the jars that result from falls or blows on the 
hand. Dislocation backwards, which is the more common, simulates to a considerable 
extent Codes’ fracture of the radius, and is liable to be mistaken for it. The differential 
diagnosis can be easily made by observing the relative positions of the styloid processes 
of the radius and the ulna. In the natural condition when the arm hangs by the side, 
the styloid process of the radius is on a lower level, i.e. nearer the ground, than that of 
the ulna, and this relationship is not disturbed in dislocation. In Colies’ fracture, the 
styloid process of the radius is on the same level as, or even on a higher level than, that 
of the ulna. A fracture of the lower end of the radius may be caused by a c back-fire 7 
in starting a motor-car, and is named a chauffeur’s fracture ; there is usually little dis- 
placement and the fracture can only be detected by rr-ray examination. 

The radiocarpal joint is occasionally the seat of acute synovitis. When the joint 
cavity is distended with fluid, the swelling is greatest on the dorsal aspect of the wrist, 
showing a general fulness, with some bulging between the tendons. 

The grasp of the hand is strongest when the radiocarpal joint is hyperextended ; the 
wrist, therefore, should be kept in this position during the treatment of any disease or injury 
likely to lead to ankylosis of the joint. 


VIII. THE CARPOMETACARPAL ARTICULATIONS 

1. The Carpometacarpal Articulation op the Thumb 

This is a joint of reciprocal reception between the first metacarpal and 
greater multangular bones ; it enjoys great freedom of movement on account 
of the configuration of its articular surfaces, which are saddle-shaped. The 
joint is surrounded by an articular capsule which is thick but loose, and 
passes from the circumference of the base of the metacarpal bone to the rough 
edge bounding the articular surface of the greater multangular bone ; it is 
thickest laterally and dorsally. A synovial stratum lines the capsule and 
is quite distinct from that of the other carpometacarpal joints (fig. 498). 

Movements. — In this articulation the movements permitted are flexion, exten- 
sion, abduction, adduction, circumduction, and opposition. It is by the movement 
of opposition that the tip of the thumb is brought into contact with the volar surfaces 
of the slightly flexed fingers. This movement is effected through the medium of 
a small sloping facet on the anterior lip of the saddle-shaped articular surface of 
the greater multangular bone. The flexor muscles pull the corresponding part 
of the articular surface of the metacarpal bone on to this facet, and the movement of 
opposition is then carried out by the opponens and adductor muscles. 

Muscles producing the movements : 

Flexion . — Opponens pollicis, Flexores pollicis longus et brevis. 

Extension . — Extensores pollicis longus et brevis. 

Adduction .— Adductor pollicis, Opponens pollicis, Flexor pollicis brevis. . 

Abduction . — Abductor pollicis brevis, Extensores pollicis longus et brevis. 


2. The Articulations of the Second, Third, Fourth, and Fifth Meta- 
carpal Bones with the Carpus 

The joints between the carpus and the second, third, fourth, and fifth meta- 
carpal bones are arthrodial. The hones are united by articular capsules, 
strengthened by dorsal, volar, and interosseous ligaments. 

The dorsal ligaments, the strongest and most distinct, connect the carpal 
and metacarpal bones on their dorsal surfaces. The second metacarpal bone 
receives two fasciculi, one each from the greater and lesser multangular bones ; 
the third metacarpal receives two, one each from the lesser multangular and 
capitate bones ; the fourth tw r o, one each from the capitate and hamate bones ; 
the fifth receives a single fasciculus from the hamate hone, and this is continuous 
with a similar ligament on the volar surface, forming an incomplete fibrous 
capsule. 

The volar ligaments have a somewhat similar arrangement, with the 
exception of those of the third metacarpal bone, which are three in number : a 
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lateral one from the greater multangular bone, situated superficially to the 
sheath of the tendon of the Flexor carpi radialis ; an intermediate one from 
the* capitate bone ; and a medial one from the hamate bone. 

The interosseous ligaments consist of short, thick fibres, and are limited 
to one part of the carpometacarpal articulation ; they connect the contiguous 
inferior margins of the capitate and hamate bones with the adjacent surfaces 
of the third and fourth metacarpal bones. 

The synovial stratum of the articular capsules is a continuation of that 
of the intercarpal joints. Occasionally, the joint between the hamate bone and 
the fourth and fifth metacarpal bones has a separate synovial stratum. 

Movements. — The movements permitted in the carpometacarpal articulations 
of the fingers are limited to slight gliding of the articular surfaces upon each other, 
the extent of which varies in the different joints. The metacarpal bone of the 
little finger is the most movable, then that of the ring-finger ; the metacarpal bones 
of the index and middle fingers are almost immovable. 


IX. THE INTERMETACARPAL ARTICULATIONS 

The bases of the second, third, fourth, and fifth metacarpal bones articulate 
with one another by small surfaces covered with cartilage, and are connected 
together by dorsal, volar, and interosseous ligaments. 

The dorsal and volar ligaments pass transversely from one bone to 
another on the dorsal and volar surfaces. The interosseous ligaments con- 
nect the contiguous surfaces of the bones, just distal to their collateral articular 
facets. 

The synovial stratum of these joints is continuous with that of the 
carpometacarpal articulations. 

The transverse metacarpal ligament (fig. 496) is a narrow fibrous band, 
which connects the volar surfaces of the heads of the second, third, fourth, 
and fifth metacarpal bones. It is blended with the accessory volar ligaments 
(glenoid ligaments) of the metacarpophalangeal articulations. Its volar surface 
is grooved where the flexor tendons pass over it ; the tendons of the Interossei 
pass behind the ligament. 


X. THE METACARPOPHALANGEAL ARTICULATIONS 

These articulations (figs. 499, 500) are of the condyloid kind, formed by the 
reception of the rounded heads of the metacarpal bones into shallow cavities 
on the proximal ends of the first phalanges, with the exception of that of the 
thumb, which presents more of the characteristics of a ginglymoid joint. Each 
joint has an accessory volar and two collateral ligaments. 

The accessory volar ligaments (glenoid ligaments of Cruveilhier) are 
thick, dense, fibrocartilaginous structures, placed upon the volar surfaces of 
the joints in the intervals between the collateral ligaments, to which they 
are connected ; they are loosely united to the metacarpal bones, but are very 
firmly attached to the bases of the first phalanges. Their volar surfaces are 
intimately blended with the transverse metacarpal ligament, and grooved for 
the flexor tendons, the fibrous sheaths of w'hich are connected to the sides 
of the grooves. Their deep surfaces form parts of the articular facets for the 
heads of the metacarpal bones. 

The collateral ligaments are strong, rounded cords, placed on the sides 
of the joints ; each is attached by one extremity to the posterior tubercle 
and adjacent depression on the side of the head of the metacarpal bone, and 
by the other to the side of the base of the phalanx. 

The dorsal surfaces of these joints are covered with the expansions of the 
extensor tendons, together with some loose areolar tissue which connects 
the deep surfaces of the tendons to the bones.* 

. . * Consult an article on c The nerve supply of the interphalangeal and metacarpophalangeal 
joints,* by J. S. B. Stopford, Journal of Anatomy, vol. Ivi. 1921 . 
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Movements. — The movements which occur in these joints are flexion, extension, 
adduction, abduction, and circumduction ; the movements of abduction and 
adduction are very limited, and cannot be performed when the fingers are flexed. 


Fig. 499. — The metacarpophalangeal 
and digital articulations. Volar 
aspect. 
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Fig. 500. — The metacarpophalangeal 
and . digital articulations. Medial 
aspect. 



Muscles producing the movements : 

Flexion . — Flexores digitorum sublimis et profundus, Lumbricales, Interossei 
dorsales et volares, Flexores pollicis longus et brevis, Flexor digiti quinti 
brevis. 

Extension . — Extensor digitorum communis, Extensores pollicis longus et 
brevis, Extensor indicis proprius, Extensor digiti quinti proprius. 

Adduction . — Interossei volares, Adductor pollicis, long flexors of fingers and 
thumb. 

Abduction . — Interossei dorsales, Abductor pollicis brevis, Abductor digiti 
quinti, long extensors of fingers. 


XI. THE DIGITAL ARTICULATIONS (figs. 499, 500) 

The digital or interphalangeal articulations are hinge- joints ; each has a volar 
and two collateral ligaments. The arrangement of these ligaments is similar to 
those in the metacarpophalangeal articulations. The extensor tendons supply 
the places of dorsal ligaments. 

Movements. — The only movements permitted in the interphalangeal joints are 
flexion and extension ; these movements are more extensive between the first and 
second phalanges than between the second and third. The amount of flexion is 
very considerable, but extension is limited by the accessory volar ligaments. 
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Muscles producing the movements : 

Flexion . — Flexores digitorum sublimis et profundus, Flexor pollicis longus. 
Extension. — Lumbricales, Interossei dorsales et volares, Extensores pollicis 
longus et brevis. 

Applied Anatomy . — Division of the extensor tendons opens the interphalangeal joints. 
These joints would be frequently sprained were it not that the metacarpophalangeal joints 
are condyloid articulations, allowing of abduction and adduction, and diminishing the 
effects of force applied to the sides of the fingers. 


THE ARTICULATIONS OF THE LOWER EXTREMITY 

The articulations of the lower extremity comprise the following : 

I. The sacro-iliac. VI. The talocrural (ankle). 

II. The pubic symphysis. VII. The intertarsal. 

III. The coxal (hip). VIII. The tarsometatarsal. 

IV. The knee. IX. The intermetatarsal. 

V. The tibiofibular. X. The metatarsophalangeal. 

XI. The digital. 


I. THE SACRO-ILIAC ARTICULATION 

The sacro-iliac articulation is a diarthrodial joint, formed between the 
auricular surfaces of the sacrum and ilium. The articular surface of each bone 
is covered with a plate of cartilage which is thicker on the sacrum than on 
the ilium. These plates are in close contact with each other, and are partly 
united by patches of soft fibroeartilage, and by fine interosseous fibres. The 
ligaments of the joint are : 

Anterior sacro-iliac. Interosseous sacro-iliac. 

Long and short posterior sacro-iliac. 

The anterior sacro-iliac ligament (fig. 501) covers the anterior and 
inferior surfaces of the joint and consists of numerous thin bands. The superior 
fibres of the ligament connect the ala of the sacrum to the adjoining part of 
the iliac fossa ; the inferior fibres are placed below the arcuate line, and unite 
the lateral parts of the three upper sacral vertebrae to the pre-auricular sulcus 
and adjacent part of the ilium. 

The interosseous sacro-iliac ligament is very strong, and forms the 
chief bond of union between the two bones. It fills the irregular space im- 
mediately above and behind the joint-cavity (figs. 504, 505) and is covered by 
the posterior sacro-iliac ligaments. It consists of bundles of short fibres which 
connect the iliac and sacral tuberosities. 

The long posterior sacro-iliac ligament is oblique in direction ; . it 
connects the third transverse tubercle of the sacrum to the posterior superior 
iliac spine. 

The short posterior sacro-iliac ligament (fig. 502) is nearly horizontal 
in direction, and passes from the posterior superior iliac spine to the first and 
second transverse tubercles of the sacrum. 

The ilium is connected to the fifth lumbar vertebra by the iliolumbar liga- 
ment, and the sacrum to the ischium by the sacrotuberous and sacrospinous 
ligaments. 

The iliolumbar ligament (fig. 501) is attached above to the lower and front 
part of the transverse process of the fifth lumbar vertebra, and occasionally 
has an additional, weak attachment to the transverse process of the fourth. 
It radiates as it passes lateralwards and is attached by two main bands to 
the pelvis. The lower hand runs to the ala of the ilium and the base of the 
sacrum, blending with the anterior sacro-iliac ligament ; the upper is attached 
to the crest of the ilium immediately in front of the sacro-iliac articulation 
and is continuous above with the lumbodorsal fascia. 
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The sacrotuberous ligament (great saerosciatio ligament) (figs. 501, 502) 
is placed at the lower and posterior part of the pelvis. It is attached by a 
broad base to the posterior iliac spines, to the third, fourth, and fifth trans- 
verse tubercles of the sacrum, and to the lateral margin of the lower part of 
the sacrum and upper part of the coccyx. Its fibres run obliquely downwards 
and lateralwards, and converge to form a thick, narrow band ; this band widens 
out below and is fixed to the medial margin of the ischial tuberosity, and is 
continued along the inferior ramus of the ischium under the name of the falci- 
form process, the free concave edge of which gives attachment to the fascia of 


Fig. 501. The articulations of the right side of the pelvis. Anterosuperior 

aspect. 



the Obturator interims. Some of the superficial fibres of the lower part of the 
ligament are continued into the tendon of origin of the long head of the Biceps 
femoris. 

The sacrospinous ligament (small sacrosciatic ligament) (fig. 501) is thin, 
and triangular in form ; it is attached by its apex to the spine of the ischium, 
and, medially, by its broad base, to the lateral margins of the sacrum and 
coccyx, in front of the sacrotuberous ligament, with which its fibres are 
intermingled. It is in relation in front with the Coccygeus muscle, to which 
it is closely connected, and of which it may represent a degenerated part. 

These two ligaments convert the sciatic notches into foramina. The greater sciatic 
foramen is hounded, in front and above, by the greater sciatic notch ; behind, by the 
sacrotuberous ligament ; and below, by the sacrospinous ligament and the spine of the 
ischium. It is partially filled up, in the recent state, by the Piriformis muscle which 
emerges from the pelvis through it. Above this muscle, the superior glut seal vessels and 
nerve pass out of the pelvis ; and below it, the inferior glutseal vessels and nerve, the 
internal pudendal vessels and nerve, the sciatic and the posterior femoral cutaneous nerves. 
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and the nerves to the Obturator internus and Quadratus femoris make their exit from 
the pelvis. The lesser sciatic foramen is bounded, in front, by the superior ramus of the 
ischium ; above, by the spine of the ischium and sacrospinous ligament ; behind, by the 
sacrotuberous ligament. It transmits the tendon of the Obturator internus, the nerve to 
this muscle, and the internal pudendal vessels and nerve. 


Fig. 502.— The articulations of the right side of the pelvis. 


Posterior aspect. 



II. THE PUBIC SYMPHYSIS (fig. 503) 

The; pubic bones are united to one another by a superior and an arcuate 
pubic ligament, and by an interpubic fibrocartilaginous lamina. 

The superior pubic ligament connects the pubic bones superiorly, and 
extends as far as the pubic tubercles^ 

The arcuate pubic ligament (inferior or subpubic ligament) is a thick, 
triangular arch of fibres, connecting the two pubic bones below, and forming the 
upper boundary of the pubic arch. Above, it is blended with the interpubic 
fibrocartilaginous lamina ; laterally, it is attached to the inferior rami of the 
pubic bones ; its base is free, and is separated from the fascia of the urogenital 
diaphragm by an opening through which the deep dorsal vein of the penis 
(or clitoris) enters the pelvis. 

The interpubic fibrocartilaginous lamina connects the opposed surfaces of 
the pubic bones. Each of these surfaces is covered with a thin layer of hyaline 
cartilage firmly joined to the bone by a series of nipple-like processes which 
accurately fit into corresponding depressions on the osseous surface. These 
opposed cartilaginous surfaces are connected by a lamina of fibrocartilage, 
which varies in thickness in different subjects. It often contains a cavity 
in its interior, probably foimed by the softening and absorption of the fibro- 
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cartilage, since it rarely appears before the tenth year of life and is not lined 
with a synovial stratum. This cavity is usually limited to the upper and back 
part of the joint ; it occasionally reaches the front, and may extend the entire 
length of the cartilage. It may be , easily demonstrated when present by 

Fig. 503. — A coronal section through the pubic symphysis. Anterior aspect. 



making a coronal section of the symphysis pubis near its posterior surface 
(fig. 503). In front, the lamina is strengthened by several superimposed layers 
of fibres, which pass obliquely from one bone to the other, decussating and 
forming an interlacement with the fibres of the aponeuroses of the Obliqui 
externi and the medial tendons of origin of the Recti abdominis. 


The Mechanism of the Pelvis 

The pelvic girdle supports and protects the contained viscera and affords surfaces 
for the attachments of the muscles of the trunk and lower limb. Its most important 
mechanical function, however, is to transmit the weight of the trunk and upper 
limbs to the lower extremities. 

It may be divided into two arches by a vertical plane passing through the aceta- 
bular cavities ; the posterior of these arches is the one chiefly concerned in the 
function of transmitting the weight of the trunk. Its essential parts are the upper 
three sacral vertebrae and two strong pillars of bone running from the sacro-iliac 
articulations to the acetabular cavities. For the reception and diffusion of the 
weight each acetabular cavity is strengthened by two additional bars running 
towards the os pubis and the ischium. In order to lessen concussion in rapid changes 
of distribution of the weight, joints (sacro-iliac articulations) are interposed between 
the sacrum and the iliac bones ; an accessory joint (symphysis pubis) exists in the 
middle of the anterior arch. The sacrum forms the summit of the posterior arch ; 
the weight transmitted falls on it at the lumbosacral articulation and, theoretically, 
has a component in each of two directions. One component of the force is expended 
in driving the sacrum downwards and backwards between the iliac bones, while 
the other thrusts the upper end of the sacrum downwards and forwards towards 
the pelvic cavity. 
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The movements of the sacrum are regulated by its form. Viewed as a whole 
it presents the shape of a wedge with its base upwards and forwards. The first 
component of the force is therefore acting against the resistance of the wedge, and 
its tendency to separate the iliac bones is resisted by the sacro-iliac and iliolumbar 
ligaments and by the ligaments of the symphysis pubis. 


Fig. 504. — A coronal section through the anterior sacral segment. 



If a series of coronal sections be made through the sacro-iliac joints, it will be 
found possible to divide the articular portion of the sacrum into three segments : 
anterior, middle, and posterior. In the anterior segment (fig. 504), which involves 
the first sacral vertebra, the articular surfaces show slight sinuosities and are almost 
parallel to one another. In the middle segment (fig. 505) the width between the 
dorsal margins of the sacral articular surfaces is greater than that between the 
ventral margins, and in the centre of each surface there is a concavity into which 
a corresponding convexity of the iliac articular surface fits, forming an interlocking 
mechanism. In the 'posterior segment (fig. 506) the ventral width of the sacrum 
is greater than the dorsal, and the articular surfaces are only slightly concave. 

Fig. 505. — A coronal section through the middle sacral segment. 



Dislocation downwards and forwards of the sacrum by the second component 
of the force applied to it is prevented therefore by the middle segment, which 
interposes the resistance of its wedge-shape and that of the interlocking mechanism 
on its surfaces ; a rotatory movement, however, is produced by which the anterior 
segment is tilted downwards and the posterior upwards : the axis of this rotation 
passes through the dorsal part of the middle segment. The movement of the 
anterior segment is slightly limited by its wedge-form, but chiefly by the posterior 
and interosseous sacro-iliac ligaments ; that of the posterior segment is checked to 
a ’ slight ^extent by its wedge-form, but the chief limiting factors are the sacro- 
tuberous and sacrospinous ligaments. In all these movements the effect of the 
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•sacro-iliac and iliolumbar ligaments and the ligaments of the symphysis pubis in 
resisting the separation of the iliac bones must be recognised. 

During pregnancy the pelvic 

joints and ligaments are relaxed, Fig. 506. -A coronal section through the pos- 
and capable therefore ot more terior sacral segment, 

extensive movements. When the 
foetus is being expelled the force 
is applied to the front of the 
sacrum. Upward dislocation is 
by the interlocking 
of the middle segment. 

As the foetal head passes the 
anterior segment the latter is 
carried upwards, enlarging the 
anteroposterior diameter of the 
pelvic inlet ; when the head 
reaches the posterior segment 
this also is pressed upwards against the resistance of its wedge, the movement only 
being possible by the laxity of the joints and the stretching of the sacrotuberous 
and sacrospinous ligaments. 0 


prevented 

mechanism 



III. THE COXAL ARTICULATION OR HIP-JOINT 

The hip-joint is an enarthrodial or ball-and-socket articulation, formed 
by the reception of the head of the femur into the cup-shaped cavity of the 



acetabulum. The articular cartilage on the head of the femur, thicker at the 
centre than at the circumference, covers the entire surface with the exception 
of the fovea capitis femoris, to which the ligamentum teres is attached ; that 
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on the acetabulum forms an incomplete ring, the lunate surface. Within the 
lunate surface there is a circular depression devoid of cartilage, occupied in 
the recent state by a mass of fat covered with the synovial stratum of the 
articular capsule. The ligaments of the joint are : 

The articular capsule. Pubocapsular. 

Iliofemoral. Ligamentum teres femoris. 

Ischiocapsular. The glenoidal labrum. 

Transverse acetabular. 

The articular capsule (figs. 507, 508) is strong and dense. Above, it is 
attached to the margin of the acetabulum, 5 or 6 mm. beyond the glenoidal 
labrum; in front, it is attached to the outer margin of the labrum, and, 


Fig. 508. — The articular capsule of the right hip-joint (distended). 

aspect. (From a specimen prepared by J. C. B. Grant.) 


Posterior 



opposite the acetabular notch, to the transverse acetabular ligament and the 
edge of the, obturator foramen. It surrounds the neck of the femur, and is 
attached, ip front, to the intertrochanteric, line ; above, to the base of the 
neck ; behind, to the neck, about 1 cm. above the intertrochanteric crest ; 
below, to the lower part of the neck close to the lesser trochanter,' From 
its femoral attachment some of the fibres are reflected upwards along the 
neck as longitudinal bands, termed retinacula. The capsule is much thicker at 
the upper and fore part of the joint, where the greatest amount of resistance is 
required ; behind and below, it is thin and loose. It consists of two sets of 
fibres, circular and longitudinal. The circular fibres {zona orbicularis) are most- 
abundant at the lower and back part of the capsule (figs. 507, 508), and form a 
sling or collar around the neck of the femur. Anteriorly, they blend with the 
deep surface of the iliofemoral ligament, and gain an attachment to the anterior 
inferior iliac spine. The longitudinal fibres are greatest in amount at the 
u PP er an d front part of the capsule, where they are reinforced bv the iliofemoral 
ligament . The articular capsule is also strengthened by the pubocapsular and 



405 


THE COXAL ARTICULATION OR HIP-JOINT 

the ischiocapsular ligaments. The external surface of the capsule is rough, 
covered by numerous muscles, and separated in front from the Psoas major 
and Iliacus by a bursa which not infrequently communicates through a 
circular aperture with the cavity of the joint. 

The synovial stratum is very extensive. Commencing at the margin of 
the cartilaginous surface of the head of the femur, it covers the portion of the 
neck which is contained within the joint ; from the neck it is reflected on 
the internal surface of the fibrous stratum of the capsule, covers both surfaces 
of the glenoidal labrum, ensheathes the ligamentum teres as far as the head 


Fig. 509. The right hip- joint. Anterior aspect. 



of the femur, and covers the mass of fat contained in the bottom of the aceta- 
bulum. The joint -cavity sometimes communicates, through a hole between 
the vertical band of the iliofemoral ligament and the pubocapsular ligament, 
with a bursa situated on the deep surfaces of the Psoas major and Iliacus. 

The iliofemoral ligament (fig. 509), triangular in shape and of great 
strength, lies in front of the joint and is intimately connected with the capsule. - 
Its apfiT- is attached to the lower part of the anterior inferior iliac spine, its 
base to the intertrochanteric line of the femur. The medial and lateral parts 
of the ligament are strong bands, while the central part is relatively thin 
and weak ; the medial band is vertical in direction and is fixed to the lower 
part of the intertrochanteric line ; the lateral band is oblique and is attached 
to the upper part of the same line. The iliofemoral ligament is frequently 
called the Y-shaped ligament of Bigelow, and its lateral band the iliotrochanteric 
ligament . 

The pubocapsular ligament (fig. 509) is triangular in form with its base 
at the hip-bone, where it is attached to the iliopectineal eminence, the superior 
ramus of the os pubis, the obturator crest and obturator membrane ; below, 
it blends with the capsulaand with the deep surface of the medial band of the 
iliofemoral ligament. 
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The ischiocapsular ligament (fig. 510) has a somewhat, spiral disposition 
on the back of the joint. Erom its attachment to the ischium below and 
behind the acetabulum, it is directed upwards and lateralwards over the back 
of the neck of the femur. Some of its fibres are continuous with those of the 
zona orbicularis, others are fixed to the base of the greater trochanter. 

The ligamentum teres femoris (fig. 511) is a triangular, somewhat flattened 
band implanted by its apex on the anterosuperior part of the fovea capitis 
femoris ; its base is attached by two bands, one into either side of the acetabular 
notch, and between these bony attachments it blends with the transverse 
ligament. It is ensheathed by the synovial stratum, and varies greatly in 
strength in different subjects ; occasionally only the synovial stratum exists, 
and in rare cases even this is absent. The ligament is made tense when the 
thigh is adducted ; it is relaxed when the limb is abducted. 


Tig. 510. — The right hip- joint. Posterior aspect. 



The glenoidal labrum (cotyloid ligament) (fig. 503) is a fibrocartilaginous 
rim attached to the margin of the acetabulum, the cavity of which it deepens ; 
at the same time it protects the edge of the bone, and fills up the inequalities 
of its surface. It bridges over the acetabular notch as the transverse acetabular 
ligament , and thus forms a complete circle, which closely surrounds the head 
of the femur and assists in holding it in its place. It is triangular on section, 
its base being attached to the margin of the acetabulum, while its opposite 
edge is free and sharp. Its surfaces are invested by the synovial stratum ; the 
internal surface is inclined inwards so as to narrow the acetabulum, and embrace 
the cartilaginous surface of the head of the femur. It is much thicker above 
and behind than below and in front. 

The transverse acetabular ligament (fig. 503) is in reality a portion 
of the glenoidal labrum, though differing from it in having no cartilage-cells 
among its fibres. It consists of strong, flattened fibres, which cross. »the 
and convert it into a foramen through which the nutrient 
vessels enter the joint. 

The muscles in relation with the joint are, in front, the Psoas major and Iliacus, 
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separated from the capsule by a bursa ; above, the reflected head of the Rectus 
femoris and the insertion of Gluteus minimus, the latter being closely adherent 
to the capsule; medially, _ the Obturator externus aud Pectineus ; behind, the 
Piriformis Gemellus superior, tendon of Obturator internus, Gemellus inferior, 
tendon of Obturator externus, and Quadratus femoris (ffe 512) 

. arlerie \ su PP¥ n S joint are derived from the° obturator, medial femoral 
circumflex, and superior and inferior glutseal arteries. 


Fig. 511.— The left hip-joint, opened by removing the floor of the acetabulum 
from within the pelvis. 



The nerves are articular branches from the sacral plexus, the sciatic, obturator, 
and accessory obturator nerves, a branch from the nerve to the quadratus 
femoris, and a filament from the branch of the femoral nerve supplying the 
Rectus femoris. 

Movements. — The movements of the hip- joint are very extensive, and consist 
of flexion, extension, adduction, abduction, circumduction, and rotation. 

The length of the neck of the femur and its inclination to the body of the bone 
have the effect of converting the angular movements of flexion, extension, adduc- 
tion, and abduction partially into rotatory movements in the joint. Thus when 
the thigh is flexed or extended, the head of the femur, on account of the medial 
inclination of the neck, rotates within the acetabulum. The forward slope of the 
neck similarly affects the movements of adduction and abduction. Conversely 
rotation of the thigh, which is permitted by the upward inclination of the neck, is 
not a simple rotation of the head of the femur in the acetabulum, but is accom- 
panied by a certain amount of gliding. 

. The hip-joint presents a very striking contrast to the shoulder- joint in the much 
more complete mechanical arrangements for its security and for the limitation of its 
movements. In the shoulder, as has been seen, the head of the humerus is not 
adapted at all in size to the glenoid cavity, and is hardly restrained in any of its 
ordinary movements by the capsule. In the hip-joint, on the contrary, the head of 
the femur is closely fitted to .the acetabulum for an area extending over nearly 
half a sphere, and at the margin of the bony cup it is still more closely embraced by 
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the glenoidal labium, so that the head of the femur is held in its place by that liga- 
ment even when the fibres of the capsule have been quite divided. The iliofemoral 
ligament is the strongest of all the ligaments in the body, and is put on the stretch 
by any attempt to extend the femur beyond a straight line with the trunk. That 
is to say, this ligament is the chief agent in maintaining the erect position without 
muscular fatigue ; for a vertical line passing through the centre of gravity of the 
trunk falls behind the centres of rotation in the hip-joints, and therefore the pelvis 
tends to fall backwards, but is prevented by the tension of the iliofemoral ligaments. 
The security of the joint may be provided for also by the two bones being directly 
united through the ligamentum teres, but it is doubtful whether this ligament 
has much influence upon the mechanism of the joint. When the knee is flexed, 

Fig. 512. — The structure surrounding the right hip-joint. 


Femoral artery 

Femoral nerve j Femoral vein 



Obturator internus 


flexion of the hip-joint is arrested by the soft parts of the thigh and abdomen being 
brought into contact, and when the knee is extended, by the action of the hamstring 
muscles ; extension is checked by the tension of the iliofemoral ligament ; adduc- 
tion by the thighs coming into contact ; adduction with flexion by the lateral band 
of the iliofemoral ligament and the lateral part of the capsule ; abduction by the 
medial band of the iliofemoral ligament and the pubocapsular ligament ; rotation 
outwards by the lateral band of the iliofemoral ligament ; and rotation inwards 
by the ischiocapsular ligament and the hinder part of the capsule. 

Muscles producing the movements : 

Flexion . — Psoas major, Iliacus, Pectineus, Pectus femoris, Sartorius, Adduc- 
tores. 

Extension . — Glutseus maximus, Biceps femoris, Semitendinosus, Semimem- 
branosus. 

Abduction . — G-lutsei medius et minimus, Sartorius, Tensor fasciae latae. 

Adduction. — Adductores, Pectineus, Gracilis. 

Botation inwards. — Glutaei medius et minimus (anterior fibres), Tensor fasciae 
latae. 

Rotation outwards . — Piriformis, Obturatores, • Gemelli, Quadratus femoris 
Adductores, Sartorius. 
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Applied Anatomy.' In dislocation of tlie hip* ‘ the head of the thigh-bone may rest 
at any point around its socket (Bryant); but whatever position it ultimately assumes, 
the primary displacement is generally downwards and medialwards, the capsule giving 
way at its weakest that is, its lower and medial — part. The situation subsequently 
assumed by the head of the bone is determined by the degree of flexion or extension, and 
of outward or inward rotation of the thigh at the moment of dislocation, influenced, no 
doubt, by the iliofemoral ligament, which is 


not easily ruptured. When, for instance, 
the head of the bone is forced backwards, this 
ligament forms a fixed axis, round which the 
head of the bone rotates, and the latter is driven 


Fig. 513. — The right hip- joint, 

showing the iliofemoral ligament. 
(After Bigelow.) 


on to the dorsum of the ilium. Tlie iliofemoral ^ggjggp?^ 
ligament also influences the position of the / rjflH Kfe 
thigh in the various dislocations; in the dis- 
locations backwards it is tense, and produces y 

inversion of the limb; in the dislocation on to '' . 

the os pubis, it is relaxed, and therefore allows . 

the external rotator muscles to evert the thigh ; if* 1 

while in dislocation into the obturator foramen 
it is tense, and produces flexion. The muscles 
inserted into the upper part of the femur, with 
the exception of the Obturator internus, have ’?,> 

very little direct influence in determining the /■ h 

position of the head of the bone. Bigelow, 
however, has endeavoured to show that the /■: 

Obturator internus is the principal agent in 
deciding whether, in the backward dislocations, ft < 

the head of the bone shall be ultimately lodged I ' ' 

on the dorsum of the ilium, or in or near the ; 

greater sciatic notch; in both dislocations the *. 
head passes, in the first instance, in the same 
direction. But, as Bigelow asserts, in the dis- ^$$$4 

placement on to the dorsum the head of the 
bone travels up behind the acetabulum, in front 
of the muscle ; while in the dislocation into the ‘ 

greater sciatic notch the head passes behind \ -'v.® 

the muscle, and is prevented from reaching i\.' \ 4 

the dorsum, in consequence of the tendon of the | : 

muscle arching over the neck of the bone, and r 

it therefore remains in the neighbourhood of the ^ 

notch. Bigelow distinguishes these two forms 
of dislocation by describing them as dislocations backwards, 
Obturator internus. 




; above and below ’ the 


The iliofemoral ligament is rarely torn in dislocations of the hip, and this fact is taken 
advantage of by the surgeon in reducing these dislocations by manipulation. It is made 
to act as the fulcrum to a lever, of which the long arm is the body of the femur, and the 
short arm the neck of the bone (fig. 513). 

The hip-joint is rarely the seat of acute synovitis from injury, on account of its deep 
position and its thick covering of soft parts. Acute inflammation may, and does, fre- 
quently occur, and in these cases, when the joint is distended with fluid, the swelling is 
not very easy to detect on account of the thickness of the capsule and the depth of the 
articulation. It is principally to be found on the front of the joint, just medial to 
the iliofemoral ligament; or behind, at the lower and back part. In these two places the 
capsule is thinner than elsewhere. 

In chronic hip-disease the affected limb assumes an altered position, the cause of 
which it is important to understand. In the early stage of a typical case, the limb is 
flexed, abducted, and rotated outwards. In this position all the ligaments of the joint 
are relaxed : the front of the capsule by flexion ; the lateral band of the iliofemoral liga- 
ment by abduction ; and the medial band of this ligament and the back of the capsule 
by rotation outwards. It is, therefore, the position of greatest ease. The condition is 
not quite obvious at first, upon examining a patient. If the patient be laid in the supine 
position, the affected limb will be found to be extended and parallel with the other. But 
it will be seen that the pelvis is tilted downwards on the diseased side and the limb 
apparently longer than its fellow, and that the lumbar portion of the vertebral column 
is arched forwards (lordosis). The condition is thus explained : a limb which is flexed 
and abducted is obviously useless for progression, and in order to overcome the difficulty 
the patient depresses the affected side of his pelvis, thus producing parallelism of his 
limbs, and at the same time rotates his pelvis on its transverse horizontal axis., so as to 
direct the limb downwards, instead of forwards. In the later stages of the disease the 
limb becomes flexed and adducted and inverted. This position, at all events as regards 
the adduction, probably results from muscular action and from the patient lying on his 
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sound side. The adductor muscles are supplied by the obturator nerve, which also 
largely supplies the joint. These muscles are therefore thrown into reflex spasm by the 
irritation of the peripheral terminations of this nerve in the inflamed articulation. 

Congenital dislocation is more commonly met with in the hip- joint than in any other 
articulation. The displacement always takes place on to the dorsum ilii. It gives rise 
to extreme lordosis, in order to throw the weight of the body backwards. 

Excision of the hip may be required for disease or for injury, especially gunshot. It 
may be performed either by an anterior or a posterior incision. The former entails less 
interference with important structures, especially muscles, than the latter, but permits 
of less efficient drainage. In the operation from the front an incision is made 8 to 10 cm. 
in length, starting immediately below and lateral to the anterior superior iliac spine, 
downwards between the Sartorius and Tensor fascise latte. The interspace between the 
Glutseus minimus and Rectus femoris is then opened, exposing the upper part of the 
capsule, which being incised discloses the neck of the bone. The posterior method 
consists in making an incision 8 to 10 cm. long, commencing midway between the top 
of the greater trochanter and the iliac crest, and extending down the posterior border 
of the trochanter. The muscles are detached from the greater trochanter, and the capsule 
opened freely. When there is a possibility of ankylosis occurring, treatment is carried out 
with the thigh abducted. 


IV. THE KNEE-JOINT 

The knee-joint is a ginglymus or hinge-joint. It consists of three articula- 
tions in one : two condyloid joints, one between either condyle of the femur 
and the corresponding meniscus and condyle of the tibia ; and a third between 
the patella and the femur, partly arthrodial, but not completely so, since the 
articular surfaces are not mutually adapted to each other, so that the move- 
ment is not a simple gliding one. This view of the construction of the 
knee-joint receives confirmation from a study of the articulation in some of 
the lower mammals, where, corresponding to these three subdivisions, three 
synovial cavities are sometimes found, either entirely distinct or only con- 
nected together by small communications. This view is further rendered 
probable by the existence in the middle of the joint of the two cruciate 
ligaments, which may be regarded as the collateral ligaments of the medial and 
lateral joints. The existence of the patellar fold of synovial membrane would 
further indicate a tendency to separation of the synovial cavity into two minor 
sacs, one corresponding to the lateral and the other to the medial joint. 

The joint is partly subdivided by two menisci (semilunar fibroeartilages) 
which are placed between the femur and the tibia. 

The ligaments of the joint are : 

The articular capsule. Anterior and posterior cruciate. 

Ligamentum patellae. Transverse. 

Oblique and arcuate popliteal. Coronary. 

Tibial and fibular collateral. 

The articular capsule (figs. 514, 517) consists of a fibrous stratum which 
is strengthened in almost its entire extent by bands inseparably connected with 
it ; above and in front, beneath the tendon of the Quadriceps femoris, it is 
represented only by the synovial stratum. Its chief strengthening bands are 
derived from the fascia lata and from the tendons surrounding the joint. In 
front, expansions from the Vasti and from the fascia lata and its iliotibial tract 
fill the intervals between the collateral and anterior ligaments, constituting 
the medial and lateral patellar retinacula. Behind, the capsule consists of 
vertical fibres which arise from the condyles of the femur and tibia and from 
the sides t>f the inter-condyloid fossa of the femur ; the posterior part of the 
capsule is therefore situated on the sides of the cruciate ligaments and in front 
of them, and they are thus excluded from the joint-cavity. Behind the cruciate 
ligaments is the oblique popliteal ligament which is augmented by fibres derived 
from the tendon of the Semimembranosus. Laterally, a prolongation from 
the iliotibial tract fills the interval between the oblique popliteal and the fibular 
collateral ligaments, and partly covers the latter. Medially, expansions 
from the Sartorius and Semimembranosus pass upwards to the tihial collateral 
ligament and strengthen the capsule. 

The synovial stratum of the knee-joint is the largest in the body. 
Commencing at the upper border of the patella, it forms a large pouch 
beneath the Quadriceps femoris on the lower part of the front of the femur 
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(figs. 514, 522), and usually communicates with a bursa interposed between 
the tendon and the front of the femur. The pouch between the Quadriceps 
and front of the femur is supported, during the movements of the knee, by 
a small muscle, the Articularis genus, which is inserted into it. On either 
side of the patella, the synovial stratum extends beneath the aponeuroses 
of the Vastb and more especially beneath that of the Vastus medialis. Below 
the patella it is separated from the ligamentum patellas by a considerable 
quantity of fat, known as the infrapatellar pad. Erom the medial and lateral 
borders of the articular surface of the patella, reduplications of the synovial 


Fig. 514.— The articular capsule of the right knee-joint (distended). Lateral aspect. 
(From a specimen prepared by J. C. B. Grant.) 



stratum project into the interior of the joint. These form two fringe-like folds 
termed the alar folds ; below, these folds converge and are continued as a single 
band, the patellar fold (ligamentum mucosum), to the front of the intercondyloid 
fossa of the femur (fig. 515). On either side of the joint, the synovial stratum 
passes downwards from the femur, lining the fibrous stratum of the capsule as far 
as its attachment to the menisci ; it may then be traced over the upper surfaces 
of these to their free borders, and thence along their under surfaces to the 
tibia. At the back part of the lateral meniscus it forms a cul-de-sac between 
the groove on the surface of the meniscus and the tendon of the Popliteus. 

The ligamentum patellae (fig. 517) is the central portion of the common 
tendon of the Quadriceps femoris, which is continued from the patella to the 
tuberosity of the tibia. It is a strong, flat, ligamentous band, about 8 cm. in 
length, attached, above, to the apex and adjoining margins and to the rough 
depression on the posterior surface of the patella ; and below, to the tuberosity 
of the tibia ; its superficial fibres are continuous over the front of the patella 
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Fig. 515. — The right knee-joint. Opened from the front. 
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Fig. 516. — The articular capsule of the right knee-joint (distended). Posterior 
aspect of the specimen represented in fig. 514. 
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with, those of the tendon of the Quadriceps femoris. The medial and lateral 
portions of the tendon of the Quadriceps pass down on either side of the patella, 
to be inserted into the upper extremity of the tibia on either side of the tubero- 
sity ; these portions merge into the capsule, as stated above, forming the 
medial and lateral patellar retinacula. The posterior surface of the ligamentum 
patellae is separated from the synovial stratum of the articular capsule by a 
large infrapatellar pad of fat, and from the tibia by a bursa. 

The oblique popliteal ligament (posterior ligament) (fig. 518) is a broad, 
flat, fibrous band, formed of fasciculi separated from one another by apertures 
for the passage of vessels and nerves. It is attached above to the upper margin 
•of the intercondyloid fossa and lateral condyle of the femur, and below it 
gradually blends with the articular capsule. Superficially there is a strong 
fasciculus derived from the tendon of the Semimembranosus ; it passes from 
the posterior part of the medial condyle of the tibia obliquely upwards and 
lateral wards to the posterior part of the lateral condyle of the femur. The 
•oblique popliteal ligament forms part of the floor of the popliteal fossa, and the 
popliteal artery rests upon it. 

The arcuate popliteal ligament (fig. 518) is an arched bundle of fibres 
which varies somewhat in strength and appearance. It is attached to the 
lateral condyle of the femur and passes downwards to fuse with the capsule 
below the oblique popliteal ligament. Two bands, an anterior and a posterior, 
converge from the upper and lower extremities of the arcuate popliteal liga- 
ment ; they unite below to form the retinaculum of the ligament, which is fixed 
to the apex of the head of the fibula. The 

■anterior band of this retinaculum is some- Fig. 517.— The right knee-joint, 
times described as the short fibular collateral Anteromedial aspect. 
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ligament. 

The tibial collateral ligament (internal 
lateral ligament) (figs. 517, 518) is a broad, I 

fiat band, situated nearer to the back than ft***! t? f if 

to the front of the joint. It is attached, If 

above, to the medial epicondyle of the femur jj , . | fil f 

immediately below the adductor tubercle ; i if' I ill * jl 

below r , to the medial condyle and medial Si iil III ill 

surface of the body of the tibia. The fibres Jjjj }/ ///. Jp |i 

of the posterior part of the ligament are short ; j . -|uj. ’ ■■ 

and incline backwards as they descend ; they J-J ./ f | Jti 

are inserted into the tibia above the groove //,/"* ^ V 

for the Semimembranosus. The anterior / ' ^.v 
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The fibular collateral ligament (ex- y\! ( A /k\| 

ternal lateral ligament) (fig. 520) is a strong, Cl . '■ 

rounded cord, attached, above, to the lateral \ \ - ■ a -v */ 

•epicondyle of the femur, immediately above \\ t . a °\ t j 

the groove for the tendon of the Popliteus ; 1 ' 

below, to the lateral side of the head of the 

fibula, in front of the apex. The greater part of it is hidden by the tendon of 
the Biceps femoris, but the tendon divides at its insertion into two parts, which 
are separated by the ligament. Deep to the ligament are the tendon of the 
Popliteus and the inferior lateral genicular vessels and nerve. The ligament 
has no attachment to the lateral meniscus. 




KvV ; i;gs\-‘T®| 

l\- V*' 1 

■ 'tori? \ 37: 





414 


SYNDESMOLOGY 


The cruciate ligaments are of considerable strength, and are situated 
in the middle of the joint, nearer to its posterior than its interior surface. 
They are called cruciate because they cross each other somewhat like the lines 
of the letter X ; and have received the names anterior and posterior , from 
the position of their attachments to the tibia. 

The anterior cruciate ligament (fig. 519) is attached to the medial part 
of the anterior intercondyloid fossa of the tibia, being blended with the 
anterior end of the lateral meniscus ; it passes upwards, backwards, and 
lateralwards, and is fixed into the posterior part of the medial surface of the 
lateral condyle of the femur. 


Fig. 518. — The right knee-joint. Fig. 519. — The right knee-joint. 

Posterior aspect. Dissected from the front. 



The posterior cruciate ligament (fig. 520) is stronger, but shorter and 
less oblique in its direction, than the anterior. It is attached to the 
posterior intercondyloid fossa of the tibia, and to the posterior extremity of 
the lateral meniscus; it passes upwards, forwards, and medial wards, to be 
fixed into the anterior part of the lateral surface of the medial condyle of the 
femur. 

The menisci (semilunar fibrocartilages) (fig. 521 ) are two crescentic lamellae, 
which serve to deepen the surfaces of the head of the tibia for articulation with 
the condyles of the femur. The peripheral border of each meniscus is thick, 
convex, and attached to the inside of the articular capsule ; the opposite border 
is thin, concave, and free. The upper surfaces of the menisci are concave, and 
in contact with the condyles of the femur ; their lower surfaces are flat, 
and rest upon the head of the tibia ; both surfaces are smooth, and enveloped 
by the synovial stratum. Each meniscus covers approximately the peripheral 
two-thirds of the corresponding articular surface of the tibia. 

The medial meniscus is nearly semicircular in form, a little elongated from 
before backwards, and broader behind than in front ; its anterior end is attached 
to the anterior intercondyloid fossa of the tibia, in front of the anterior cruciate 
ligament, some of its fibres being continued, as the transverse ligament, to the 
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anterior margin of the lateral meniscus ; its posterior end is fixed to the posterior 
intercondyloid fossa of the tibia, between the attachments of the lateral meniscus 
and the posterior cruciate ligament. 

The lateral meniscus is nearly circular and covers a larger portion of 
the articular surface than the medial meniscus. It is grooved posteriorly for the 
tendon of the Popliteus, which separates it from the fibular collateral ligament. 
Its anterior end is attached in front of the intercondyloid eminence of the tibia, 
behind and lateral to the anterior cruciate ligament, with which it blends ; 
the posterior end is attached behind the intercondyloid eminence of the tibia, 
in front of the posterior end of the medial meniscus. The anterior attachment 


Pig. 520. — The left knee-joint. Dissected from behind. 


Anterior- rryr.'ai'j 
iigai.. nt 

Tendon of PogiL, -s 

Lateral rr-eri a 

Fibular collateral -- 
ligament 


i 


■ ■ v- 

Femur 

9 ' * * * '*"• ’fts*. 


1 1 - . i f ntn r-tii 4 ' .l 


.:,.S lateral \ 
f CcndijUA 


rma9Wr 

■■ ' df'/ 

! ‘wi 
. :# 


Ligament of 
Wrisberg 
Medial meniscus 
Tibia l collateral 
ligament 


of the lateral meniscus is twisted on itself so that its free margin looks backwards 
and upwards, its anterior end resting on a sloping shelf of bone on the front 
of the lateral process of the intercondyloid eminence. Close to its posterior 
attachment it sends off a strong fasciculus, the ligament of Wrisberg (figs. 520, 
521), which passes upwards and medialwards, to be inserted into the medial 
condyle of the femur, immediately behind the attachment of the posterior 
cruciate ligament. Occasionally a small fasciculus passes forwards to be 
inserted into the lateral part of the anterior cruciate ligament. The lateral 
meniscus gives off from its anterior convex margin a fasciculus which forms 
the transverse ligament. 

The transverse ligament (fig. 521) connects the anterior convex margin 
of the lateral meniscus to the anterior end of the medial meniscus ; its thickness 
varies considerably in different subjects, and it is sometimes absent. 

The coronary ligaments are merely portions of the capsule, connecting 
the periphery of either meniscus with the margin of the head of the tibia. 

Bursae. — The bursae near the knee-joint are the following : 

In front there are four bursae : a large one is interposed between the lower 
part of the patella and the skin, a small one between the upper part of the tibia 
and the ligamentum patellae, a third between the lower part of the tuberosity 
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of the tibia and the skin, and a fourth between the anterior surface of the lower 
part of the femur and the deep surface of the Quadriceps femoris, which usually 
communicates with the knee-joint (fig. 522). Laterally there are four bursae : 
(1) one (which sometimes communicates with the joint) between the lateral head 
of the Gastrocnemius and the capsule ; (2) one between the fibular collateral 
ligament and the tendon of the Biceps femoris ; (3) one between the fibular 
collateral ligament and the tendon of the Popliteus (this is sometimes only an 
expansion from the next bursa) ; (4) one between the tendon of the Popliteus 
and the lateral condyle of the femur, usually an extension from the synovial 
stratum of the joint. Medially, there are five bursae : (1) one between the 
medial head of the Gastrocnemius and the capsule : this sends a prolongation 
between the tendon of the medial head of the Gastrocnemius and the tendon 
of the Semimembranosus and often communicates with the joint ; (2) one 
superficial to the tibial collateral ligament, between it and the tendons of the 
Sartorius, Gracilis, and Semitendinosus ; (3) one deep to the tibial collateral 
ligament, between it and the tendon of the Semimembranosus (this is sometimes 

Fig. 521. — The head of right tibia, showing the menisci and the attachments of 
the cruciate ligaments. Superior aspect. 


Anterior cruciate ligament Transverse ligament 



only an expansion from the next bursa) ; (4) one between the tendon of the 
Semimembranosus and the head of the tibia ; (5) occasionally there is a bursa 
between the tendons of the Semimembranosus and Semitendinosus. 

Structures around the joint. — In front, and at the sides, is the Quadriceps 
femoris ; laterally, the tendons of the Biceps femoris and Popliteus and the 
common peronaeal nerve ; medially, the Sartorius, Gracilis, Semitendinosus, and 
Semimembranosus ; behind, the popliteal vessels, and the tibial nerve, Popliteus, 
Plantaris, and the medial and lateral heads of Gastrocnemius, some lymph- 
glands, and fat. 

The arteries supplying the joint are the highest genicular (anastomotica magna), 
a branch of the femoral, the genicular branches of the popliteal, the recurrent 
branches of the anterior tibial, and the descending branch from the lateral femoral 
circumflex of the arteria profunda femoris. 

The nerves are derived from the obturator, femoral, tibial, and common peronseal. 

Movements. — The movements which take place at the knee-joint are flexion 
and extension of the leg, and, in certain positions of the joint, internal and external 
rotation. The movements of flexion and extension at this joint differ from those 
in a typical hinge-joint, such as the elbow, in that (a) the axis round which motion 
takes place is not a fixed one, but shifts forwards during extension and backwards 
during flexion ; (b) the commencement of flexion and the end of extension are 
accompanied by rotatory movements associated with the fixation of the limb in a 
position of great stability. In the fully flexed condition the posterior parts of the 
femoral condyles rest on the corresponding portions of the meniscotibial surfaces, 
and in this position a slight amount of simple rolling movement is allowed. During 
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In lesions of this joint it is often difficult to ascertain the exact nature of the injury except 
by a?-ray examination. 

The elbow-joint is occasionally the seat of acute synovitis. The joint-cavity then 
becomes distended with fluid, the bulging showing itself principally around the olecranon, 
jn consequence of the laxness of the articular capsule. Again, there is often some swelling 
just above the head of the radius, in the line of the radiohumeral joint, or the whole elbow 
may assume a fusiform appearance. There is not generally much swelling at the front 
of the joint, though sometimes deep-seated fulness beneath the ih-uchlaiis rray be noted. 
"When suppuration occurs the abscess usually points at one or other border of the Triceps 
brachii ; occasionally the. pus discharges itself in front, near the insertion of the Brachialis. 
In cases of suppurative synovitis, incisions should be made into the joint on either side 
of the olecranon, care being taken to avoid wounding the ulnar nerve on the medial side. 

The most useful position in which to have the elbow- joint ankylosed is generally at an 
acute angle, but there are. certain occupations, such as those that necessitate wheeling a 
barrow, when the limb is more useful with the joint ankylosed at an obtuse angle. When 
both elbow-joints are ankylosed it is important that one should be at an acute angle and 
the other at an obtuse angle. 

Excision of the elbow is principally required for one of three conditions — viz. tuber- 
culous arthritis, injury and its results, and faulty ankylosis — but may be necessary for 
some other rarer conditions, such as disorganising arthritis after pyaemia and unreduced 
dislocations. The operation is best performed by a vertical incision down the back of the 
joint; a straight incision is made about 10 cm. long, the mid-point of which is on a level 
with and a little to the medial side of the tip of the olecranon. This incision is made 
down to the bone, through the substance of the Triceps brachii. The operator, guarding 
the soft parts with his thumb-nail, separates them from the bone with the point of his 
knife. In doing this there are two structures which he should carefully avoid : the ulnar 
nerve, which as it courses down between the medial epieondyle and the olecranon lies 
parallel with, but on the medial side of, the incision; and the prolongation of the 
Triceps brachii into the deep fascia of the forearm over the Anconseus. After clearing the 
bones and dividing the collateral and posterior ligaments, the forearm should be strongly 
flexed and the ends of the bones turned out and sawn off. The turning out of the ends of 
the bones is rendered easier by first cutting off the olecranon with a pair of cutting bone- 
forceps. The section of the humerus should be through the base of the epicondyles, that 
of the ulna and radius should be just below the level of the radial notch of the ulna and 
the neck of the radius. The synovial stratum which extends on to the neck of the radius 
must be thoroughly removed when diseased. It is most important to maintain the 
continuity of the Triceps brachii with the deep fascia of the forearm, so as to obtain good 
power of extension in the new joint. 

Dislocation of the head of the radius alone is a not uncommon accident, and occurs 
most frequently in young persons from falls on the hand when the forearm is extended 
and supinated, the head of the bone being displaced forward. It is attended by rupture 
of the annular ligament. Occasionally a peculiar injury, which is supposed to be a 
subluxation, occurs in young children. It is believed that the head of the radius is 
displaced downwards in the annular ligament, the upper border of which becomes folded 
over the head of the radius, between it and the capitulum of the humerus ; the small size 
of the head of the radius in the child predisposes to this injury. The forearm becomes 
fixed in a position of semifiexion, midway between supination and pronation, and great 
pain is complained of upon any attempt to move the joint. The synovial stratum of the 
proximal radio-ulnar joint is directly continuous with that of the elbow-joint, and, there- 
fore, any septic or tuberculous disease which affects the latter also involves the former 
joint. The proximal radio-ulnar joint is always removed in an excision of the elbow for 
disease (see preceding paragraph) ; for conditions other than disease excision of the lower 
end of the humerus, without the removal of any part of the radius or ulna. 


VI. THE RADIOCARPAL ARTICULATION OR WRIST- JOINT 

The radiocarpal articulation or wrist-joint (figs. 496, 497) is a condyloid 
articulation. The parts forming it are the distal end of the radius and under 
surface of the articular disc above ; and the navicular, lunate, and triquetral 
bones below. The articular surface of the radius and the distal surface of the 
articular disc form together a transversely elliptical concave surface, the 
receiving cavity. The proximal articular surfaces of the navicular, lunate, and 
triquetral bones form a smooth convex surface, the condyle , which is received 
into the concavity* The joint is surrounded by an articular capsule. The 
synovial stratum of the capsule is usually distinct from that of the distal radio- 
ulnar joint and from that of the carpal joints ; the fibrous stratum is strengthened 
by the following ligaments : 

A ' Yolar and dorsal radiocarpal. Ulnar and radial collateral. 
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intercondyloid eminence are received into the fore part of the intercondyloid fossa 
of the femur. This third phase, by which all these parts are brought into accurate 
apposition, is known as the c screwing home/ or locking movement of the joint. 

The movement of flexion is the converse of that described above, and is there- 
fore preceded by an external rotation of the femur which unlocks the extended joint. 

The axes round which the movements of flexion and extension take place are 
not precisely at right angles to either bone ; when the joint is flexed, the long axes of 

the femur and tibia are in the same plane, but when 
Fig. 523.— The posterior sur- extended one bone forms an angle, opening lateral- 
face of the right patella, wards, with the other. 

showing diagrammatically J n addition to the rotatory movements associated 


the areas of contact with ^h the completion of extension and the initiation 

^ “ °r- rrH. 

effected when the joint is partially flexed ; these 

# movements take place mainly between the tibia and 

the menisci, and are freest when the leg is bent at 
right angles with the thigh. 

Movements of the patella . — The articular surface of 
the patella is indistinctly divided into seven facets— 
upper, middle, and lower horizontal pairs, and a 
medial perpendicular facet (fig. 5v3). In extreme 
flexion of the knee-joint the medial perpendicular 
facet of the patella is in contact with the se mil unar 
surface on the lateral part of the medial condyle 
of the femur, and the highest of the three lateral 
facets of the patella with the front part of the lateral condyle. As the leg is 
carried from the flexed to the extended position, first the highest pair, then the 
middle pair, and lastly the lowest pair of horizontal facets is successively brought 
into contact with the patellar surface of the femur. In the extended position, 
when the Quadriceps femoris is relaxed, the patella lies loosely on the front of the 
lower end of the femur. 


During flexion, the ligamentum patellae is stretched, and in extreme flexion the 
posterior cruciate ligament, the oblique popliteal and collateral ligaments and, to 
a slight extent, the anterior cruciate ligament, are relaxed. Flexion is checked 
during life by the contact of the leg with the thigh. When the knee-joint is fully 
extended the oblique popliteal and collateral ligaments, the anterior cruciate liga- 
ment, and the posterior cruciate ligament, are rendered tense ; in the act of extending 
the knee, the ligamentum patellae is tightened by the Quadriceps femoris, but in 
full extension with the heel supported it is relaxed. Dotation inwards is checked 
by the anterior cruciate ligament ; rotation outwards tends to uncross and relax 
the cruciate ligaments, but is checked by the tibial collateral ligament. The main 
function of the cruciate ligaments is to act as a direct bond between the tibia and 
femur and to prevent the former bone from being carried too far backwards or 
forwards. They also assist the collateral ligaments in resisting any bending of the 
joint to either side. The menisci adapt the surfaces of the tibia to the shape of 
the femoral condyles to a certain extent, and so fill up the intervals which would 
otherwise be left in the varying positions of the joint, and permit of the two varieties 
of motion, flexion (and extension), and rotation, as explained above. The patella 
is a great defence to the front of the knee-joint, and distributes upon a large and 
tolerably even surface, during kneeling, the pressure which would otherwise fall 
upon the prominent ridges of the condyles ; it also affords leverage to the Quadriceps 
femoris. 


When standing erect in the attitude of £ attention/ e the weight of the body falls 
in front of a line carried across the centres of the knee-joints, and therefore tends to 
produce over-extension of the articulation ; this, however, is prevented by the 
tension of the anterior cruciate, oblique popliteal, and collateral ligaments. 


Muscles producing the movements : 

Flexion . — Biceps femoris, Semitendinosus, Semimembranosus, Popliteus, 
Gracilis, Sartorius, Gastrocnemius, Plantaris. 

Extension . — Quadriceps femoris. 

Rotation of the leg inwards. — Semitendinosus, Semimembranosus, Gracilis* 
Sartorius, Popliteus. 

Rotation of the leg outwards . — Biceps femoris. 
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Applied Anato my .—-Prom a consideration of the construction of the knee-joint, it 
would at first sight appear to be one of the least secure joints in the body. It is formed 
between the two longest bones, and therefore the amount of leverage which can be 
brought to bear upon it is considerable ; the articular surfaces are but ill-adapted to each 
other, and the range of motion which it enjoys is great. All these circumstances tend 
to render the articulation insecure;, nevertheless, on account of the powerful ligaments 
which bind the bones together, the joint. is one of the strongest in the body, and disloca- 
tion from traumatism is a rare occurrence. When, on the other hand, the ligaments 
have been softened or destroyed by disease, partial displacement is liable to occur, and is 
frequently brought about by the action of the muscles. 

One or other of the menisci after being detached may become displaced or nipped. 
When detached it is either the coronary ligament, or one end of the meniscus that is torn. 
The attachment of the medial meniscus to the tibial collateral ligament may also be 
separated. . When the meniscus is nipped the inner thin portion is often torn ; the torn 
portion projects between the joint-surfaces and leads to locking of the joint in the semi- 
flexed position. .The accident is produced by a twist of the leg when the knee is flexed, 
and is accompanied by a sudden pain and fixation of the knee in a flexed position. The 
meniscus may be displaced either towards the tibial intercondyloid eminence, so that the 
cartilage becomes lodged in the intercondyloid fossa, or to one side, so that the cartilage 
projects beyond the margin of the two articular surfaces. The medial meniscus is much 
more commonly affected than the lateral because (1) it is the more firmly attached to the 
tibia ; (2) during the slight rotation of the joint it moves through a greater interval than 
the lateral meniscus. 

The cruciate ligaments are sometimes ruptured by great violence. When the anterior 
is torn the tibia can be pushed forwards ; when the posterior is torn the tibia can be 
pulled backwards. 

Acute synovitis, the result of traumatism, is of frequent occurrence in the knee-joint. 
When the cavity is distended with fluid, the swelling shows itself above and at the sides 
of the patella, reaching about 2*5 cm., occasionally 5 cm. or more, above the patellar surface 
of the femur, and extending a little higher under the Vastus medialis than under the Vastus 
lateralis. The lower level of the synovial stratum is just at the level of the head of the tibia. 

Excision of the knee-joint is best performed by a horseshoe-shaped incision, starting 
from one femoral condyle, descending as low as the tuberosity of the tibia, and then carried 
upwards to the other femoral condyle. The bone ends having been cleared, and in those 
cases where the operation is performed for tuberculous disease all pulpy tissue having been 
carefully removed, the section of the femur is first made. This should nqver include, in 
children, more than, at the most, two-thirds of the articular surface, otherwise the epi- 
physial cartilage will be involved, with disastrous results as regards the growth of the limb. 
Afterwards a thin slice, not more than 1-25 cm., should be removed from the upper end 
of the tibia. In making this section of the tibia great care is necessary in order to avoid 
cutting the popliteal vessels which are in contact with the posterior ligament of the joint. If 
any diseased tissue appears still to be left in the bones, it should be removed with the gouge, 
rather than by a further section. The most useful position for ankylosis to occur is very 
slight flexion, but as flexion is difficult to limit it is better to aim at the straight position. 

The close relationship of the head of the fibula to the synovial stratum of the knee- 
joint explains the risk of opening that joint in removing the head of the fibula. 

The bursse about the knee-joint are sometimes the seat of enlargement. The bursa 
between the front of the patella and the skin is frequently affected in individuals who are 
in the habit of constantly kneeling, and the condition is then known as c housemaid’s knee. 9 
The bursa beneath the Semimembranosus tendon also occasionally becomes enlarged, and 
forms a fluctuating swelling at the back of the knee. During extension, the swelling is 
firm and tense ; but during flexion it becomes soft, and, as the bursa often communicates 
with the synovial cavity of the joint, the fluid it contains can be made to disappear by 
pressure when the knee is flexed. Extension of septic processes within the joint is apt to 
occur along the tendon-sheath of the Popliteus, and this may lead to deep-seated suppuration 
in the popliteal fossa, often associated with septic thrombosis of the popliteal vein. 


V. THE TIBIOFIBULAR ARTICULATIONS 

The articulations between the tibia and fibula are effected by ligaments 
which connect the extremities and bodies of the bones. The ligaments may 
consequently be subdivided into three sets : (1 ) those of the proximal tibiofibular 
articulation ; (2) the crural interosseous membrane ; (3) those of the distal 
tibiofibular articulation (tibiofibular syndesmosis). 

1. The Proximal Tibiofibular Articulation 

This articulation (fig. 520) is an arthrodial joint between the lateral condyle of 
the tibia and the head of the fibula. The contiguous surfaces of the bones 
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Movements. — The shoulder-joint is capable of flexion, extension, abduction, 
adduction, circumduction, and rotation. 

The most striking peculiarities in this joint are : 1. The large size of the head 
of the humerus in comparison with the depth of the glenoid cavity, even though the 
latter is supplemented by the glenoidal labrum. 2. The looseness of the capsule 
of the joint. 3. The intimate connexion of the capsule with the muscles attached 
to the tubercles of the humerus. 4. The peculiar relation of the tendon of the long 
head of the Biceps brachii to the joint. 

It is in consequence of the relative sizes of the two articular surfaces, and the 
looseness of the articular capsule, that the joint enjoys such free movement in all 
directions. When these movements of the arm are arrested in the shoulder-joint 
by the contact of the bony surfaces, and by the tension of the fibres of the capsule 
together with that of the muscles acting as accessory ligaments, the arm can be 
carried considerably farther by the movements of the scapula, involving, of 
course, motion at the sternoclavicular and acromioclavicular joints. These joints 
are therefore to be regarded as accessory to the shoulder- joint (pp. 374 to 377). 
The extent of the scapular movements is very considerable, especially in extreme 
elevation of the arm, a movement best accomplished when the arm is thrown 
somewhat forwards and outwards, because the margin of the head of the humerus 
is by no means a true circle ; the greatest diameter of the head is from the 
intertubercular groove, downwards, medialwards, and backwards, and the greatest 
elevation of the arm can be obtained by rolling its articular surface in the direction 
of this measurement. 

The looseness of the capsule is so great that the arm will fall 2 or 3 cm. from 
the scapula when the muscles are dissected from the capsule, and an opening made 
in it to counteract the atmospheric pressure. The movements of the joint, there- 
fore, are not regulated by the capsule so much as by the surrounding muscles, an 
arrangement which 4 renders the movements of the joint much more easy than 
they would otherwise have been, and permits a swinging, pendulum-like vibration 
of the limb when the muscles are at rest 5 (Humphry). The fact, also, that in all 
ordinary positions of the joint the capsule is not put on the stretch, enables the arm 
to move freely in all directions. Extreme movements are checked by the tension 
of appropriate portions of the capsule, as well as by the interlocking of the bones. 
Thus it is said that c abduction is checked by the contact of the great tuberosity 
with the upper edge of the glenoid cavity ; adduction by the tension of the coraco- 
humeral ligament 5 (Beaunis and Bouchard). Cleland* maintains that the limita- 
tions of movement at the shoulder-joint are due to the structure of the joint itself, 
the glenoidal labrum fitting, in different positions of the elevated arm, into the 
anatomical neck of the humerus. 

The scapula is capable of being moved upwards and downwards, and forwards 
and backwards, and, by a combination of these movements, circumducted on the 
wall of the chest. The mobility of the scapula is very considerable, and greatly 
assists the movements of the arm at the shoulder-joint. Thus, in raising the arm 
from the side, the Deltoideus and Supraspinatus can only lift it to a right angle 
with the trunk, the further elevation of the limb being effected by the Trapezius 
and Serratus anterior moving the scapula on the wall of the chest. This mobility 
is of special importance in ankylosis of the shoulder-joint,^ the movements of the 
scapula compensating to a very great extent for the immobility of the joint. 

Cathcart f has pointed out that in abducting the arm and raising it above the 
head, the scapula rotates throughout the whole movement with the exception of 
a short space at the beginning and at the end ; that the humerus moves on the 
scapula not only while passing from the hanging to the horizontal position, but 
also in travelling upwards as it approaches the vertical above ; that the clavicle 
moves not only during the second half of the movement but in the first as well, 
though to a less extent— i.e. the scapula and clavicle are concerned in the first stage 
as well as in the second ; and that the humerus is partly involved in the second as 
well as chiefly in the first. 

The peculiar relations of the tendon of the long head of the Biceps brachn to 
the shoulder- joint appear to subserve various purposes. In the first place, by its 
connexion with both the shoulder and elbow the muscle harmonises the action 
of the two joints, and acts as an elastic ligament during all the movements 

* Journal of Anatomy and Physiology , vol. L, 1867. 
f Journal of Anatomy and Physiology « vol. xviii. 
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The articular capsule (fig. 524) surrounds the joint, and its fibrous 
stratum is attached, above, to the borders of the articular surfaces of the tibia 


Fig. 524. — The articular capsule of the left talocrural articulation (distended). 
Lateral aspect. (From a specimen prepared by J. C. B. Chant.) 



Fig. 525. — The left talocrural articulation. Posterior aspect. 
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and malleoli, and beloav, to the talus around its trochlear articular surface. Its 
anterior part, often* termed the anterior ligament : is a broad, thin, membranous' 
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layer, attached, above, to the anterior margin of the lower end of the tibia, and 
below, to the talus, some distance in front of its superior articular surface! It 
is.in relation, in front, with the extensor tendons of the toes, the tendons of the 
Tibialis anterior and Peronseus tertius, and the anterior tibial vessels and deep 
peronseal nerve. Its posterior part, often termed the posterior ligament, is very 
thin, and consists principally of transverse fibres. It is attached, above, to the 
margin of the articular surface of the tibia, blending with the inferior transverse 
ligament, and below, to the talus behind its superior articular facet. Laterally 
it is somewhat thickened, and is attached to the hollow on the medial surfaep 
oi the lateral malleolus. 

The fibrous stratum is lined with a synovial stratum, and the joint-cavity 
is continued upwards for a short distance between the tibia and fibula. J 


Tin. 526. — The ligaments of the right ankle and tarsus. Medial aspect. 



^ The deltoid ligament (internal lateral ligament) (figs.^525, 526) is a strong, 
triangular band, attached, above, to the apex and anterior and posterior borders 
of the medial malleolus. It consists of two sets of fibres, superficial and deep. 
Of the superficial fibres the anterior (; tibionavicular ) pass forwards to be attached 
to the tuberosity of the ijg^dar^ bone, and immediately behind this they 
blend with the medial margin of the plantar calcaneonavicular ligament ; 
the middle ( calcaneotibial ) descend almost perpendicularly and are fixed into 
the whole length of the sustentaculum tali of the calcaneus ; the posterior fibres 
(posterior talotibial) pass backwards and lateralwards to be attached to the 
medial side of the talus, and to the prominent tubercle on its posterior surface, 
medial to the groove for the tendon of the Flexor hallucis longus. The deep 
fibres {anterior talotibial) are fixed, above, to the tip of the medial malleolus, 
and, below, to the n£e<Ji%l surface of tlie talus . The deltoid ligament is crossed 
by the tendons of the Tibialis posterior and Flexor digit orum longus. 

The anterior talofibular ligament (fig. 527) passes from the anterior 
margin of the fibular malleolus, forwards and medialwards, to the talus, in 
front of its lateral articular facet. ^ 

The posterior talofibular ligament (fig. 525), strong and deeply seated, 
a ~?°i horizontally from the depression at the medial and posterior part 
of the malleolus to the posterior process of the ^Jjis. 
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The calcaneofibular ligament (fig. 527) is a long rounded cord, running 
from the apex of the fibular malleolus downwards and slightly backwards to a 
tubercle on the lateral surface of the calcaneus. It is crossed by the tendons 
of the Peronsei longus et brevis. 

The anterior and posterior talofibular and the calcaneofibular ligaments 
were formerly described as the three fasciculi of the external lateral ligament 
of the ankle-joint. 

Relations. — The tendons, vessels, and nerves in relation with the joint are, in 
front, from the medial side, the Tibialis anterior, Extensor hallucis longus, anterior 
tibial vessels, deep peronseal nerve, Extensor digitorum longus, and Peronseus 
tertius ; behind, from the medial side, the Tibialis posterior, Plexor digitorum 


Fig. 527. — The ligaments of the right ankle and tarsus. Lateral aspect. 


i4a‘'4*4 


Posterior ligament of later al-^f j 
malleolus 

i 


I Posterior talofibular ligament 

Calcaneofibular 
ligament 
Lateral talocalcaneal 
ligament 



Anterior ligament of lateral 
malleolus 

Anterior talofibular ligament 

, Interosseous talocalcaneal ligament 
/ . Talonavicular ligament 

/ . Bifurcated ligament 

7^-1. / Dorsal c u bold c o n a v i cular 

ligamen l 

^ ^ " 'Dorsal cuneonavicular 

___ / ligaments 


Dorsal calcaneocuboid ligament 


longus, posterior tibial vessels, tibial nerve, Plexor hallucis longus ; and, in the 
groove behind the fibular malleolus, the tendons of the Peronsei longus et 

The arteries supplying the joint are derived from the malleolar branches of 
the anterior tibial and from the peronseal. 

The nerves are derived from the deep peronseal and tibial. _ 

Movements. — When the body is in the erect position, the foot is at right angles 
to the leg. The movements of the ankle-j oint are those of dorsiflexion and extension , 
dorsiflexion consists in the approximation of the dorsum of the foot to the front 
of the leg; in extension the heel is drawn up and the toes pointed downwards. 
The malleoli tightly embrace the talus in all positions of the joint, so that any 
slight degree of side-to-side movement which may exist is simply due to stretching 
of the ligaments of the distal talofibular joint, and slight bending of the fibula. 
The superior articular surface of the talus is broader in front than behind. In 
dorsiflexion, therefore, greater space is required between the two malleoli, lius 
is obtained by a slight outward rotatory movement of the lower end of the fibula 
and a stretching of the ligaments of the distal talofibular joirrt ; this lateral 
movement is facilitated by a slight gliding at the proximal tibiofibular joint, and 
possibly also by the bending of the body of the fibula. Of the ligaments, the deltoid 
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is of great power — so muck so, that it usually resists a force which fractures the 
process of bone to which it is attached. Its middle portion, together with the 
caleaneofibular ligament, binds the bones of the leg firmly to the foot, and resists 
displacement in every direction. Its anterior and posterior fibres limit extension 
and flexion of the foot respectively, and the anterior fibres also limit abduction. 
The posterior talofibular ligament assists the caleaneofibular in resisting the dis- 
placement of the foot backwards, and deepens the cavity for the reception of the 
talus. The anterior talofibular ligament is a security against the displacement 
of the foot forwards, and limits extension of the joint. 

Muscles producing the movements : 

Flexion . — Tibialis anterior, Extensor digitorum longus, Extensor hallucis 
longus, Peronaeus tertius. 

Extension. — Gastrocnemius, Soleus, Plantaris, Tibialis posterior, Plexor 
digitorum longus, Flexor hallucis longus, Peronsei longus et brevis. 

Applied Anatomy . — As the ankle-joint is a very strong and powerful articulation, dis- 
placement of the talus from the tibiofibular mortise is a rare accident, and great force is 
required to produce it. Nevertheless, dislocation does occasionally occur, either antero- 
posteriorly or to one or other side. In the latter, which is the more common, fracture 
is a necessary accompaniment of the injury. The dislocation in these cases is somewhat 
peculiar, and is not a displacement in a horizontal direction, such as usually occurs in 
dislocations of ginglvmoid joints, but the talus undergoes a partial rotation round an 
anteroposterior axis drawn through its own centre, so that the superior surface, instead of 
being directed upwards, is inclined more or less medialwards or lateralwards according to 
the variety of the displacement. 

The ankle-joint is more frequently sprained than any joint in the body, and this may 
lead to acute synovitis. In these cases, when the synovial sac is distended with fluid, 
the bulging appears principally in the front of the joint, beneath the anterior tendons, 
and on either side, between the Tibialis anterior and the deltoid ligament on the medial 
side, and between the Peronaeus tertius and the anterior talofibular ligament laterally. 
In addition to this, bulging often occurs posteriorly, and a fluctuating swelling may be 
detected on either side of the tendo calcaneus. A large proportion of so-called 4 sprains * 
of the ankle have been proved by rs-ray examination to be some variety of fracture about 
the malleoli, with or without displacement. 

When disease or injury of the ankle-joint is likely to lead to ankylosis, the joint is kept 
dorsiflexed to rather less than a right angle. 


VII. THE INTERTARSAL ARTICULATIONS 

1. The Talocalcaneal Articulation 

Them are two articulations betw een the calcaneus and talus, an anterior 
and a posterior; the anterior forms part of the talocalcaneonavicular joint, 
and will be described with that articulation. The posterior or talocalcaneal 
articulation is formed between the posterior calcaneal facet on the inferior 
surface of the talus, and the posterior facet on the superior surface of the 
calcaneus. It is an arthrodial joint, and the two bones are conne ted by an 
articular capsule and by anterior, posterior, lateral, medial and interosseous 
talocalcaneal ligaments. 

The articular capsule envelops the joint, and consists for the most part 
of short fibres ; it is split up into distinct slips, and between these there is 
only a weak fibrous investment. It is lined w th a synovial stratum, and the 
joint-cavity does not communicate w ith any of the other tarsal joints. 

The anterior talocalcaneal ligament (fig. 530) extends from the inferior 
and lateral surfaces of the neck of the talus to the superior surface of the 
calcaneus. 

The posterior talocalcaneal ligament (fig. 526) connects the lateral 
tubercle on the posterior surface of the talus with the upper and medial part 
of the calcaneus ; it is a short band, and its fibres radiate from their narrow 
attachment to the talus. 

The lateral talocalcaneal ligament (figs. 524, 527) is a short, strong 
fasciculus, passing ffom the lateral surface of the talus, immediately beneath 
its fibular facet, to the lateral surface of the calcaneus. It is placed in front 
of, but on a deeper plane than, the caleaneofibular ligament, with the fibres 
of which it is parallel. 
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The medial talocalcaneal ligament connects the medial tubercle on the 
posterior surface of the talus with the back of the sustentaculum tali. Its fibres 
blend with those of the plantar calcaneonavicular ligament. 

The interosseous talocalcaneal ligament (figs. 524, 528) is very thick 
and strong, and forms the chief bond of union between the bones. It is, in 
fact, a portion of the united capsules of the talocalcaneonavicular and the 
talocalcaneal joints, and consists of two partially united layers of fibres, one 
belonging to the former and the other to the latter joint. It is attached, 
above, to the sulcus tali ; below, to the sulcus calcanei. 

Movements.— The movements permitted between the talus and calcaneus are 
limited to gliding of the one bone on the other, backwards and forwards and from 
side to side. 


Pig. 528. — A coronal section through the right talocrural and talocalcaneal joints. 
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2. The Talocalcaneonavicular Articulation 

This articulation is an arthrodial joint : the rounded head of the talus 
being received into the concavity formed by the posterior surface of the navi- 
cular bone, the anterior articular surface of the calcaneus, and the upper surface 
of the plantar calcaneonavicular ligament. There are two ligaments in this 
joint ; the articular capsule and the talonavicular. 

The articular capsule is imperfectly developed except posteriorly, where 
it is considerably thickened and forms, with a part of the capsule of the talo- 
calcaneal joint, the strong interosseous ligament which fills the sinus tarsi 
formed by the opposing sulci on the calcaneus and talus, as mentioned above. 

The talonavicular ligament (fig. 526) is a broad, thin band, connecting 
the napk of tbps t ains to the dorsal surface of the navicular bone ; it is covered 
with the extensor tendons. The plantar calcaneonavicular ligament supplies 
the place of a plantar ligament for this joint. 

Movements.— This articulation permits of a considerable range of gliding 
movements. 

G. A. o2 
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3. The Calcaneocuboid Articulation 


The articular surfaces of the calcaneocuboid joint are somewhat saddle- 
shaped. The ligaments of the j oint are : the articular capsule, the dorsal 


Fio. 529. «—The ligaments of the plantar 
surface of the right foot. 



calcaneocuboid, the calcaneocuboid por- 
tion of the bifurcated ligament, the 
long plantar, and the plantar calcaneo- 
cuboid. 

The articular capsule contains 
certain bands, which form the other 
ligaments of the joint. Its synovial 
stratum is distinct from that of the 
other tarsal articulations (fig. 531). 

The dorsal calcaneocuboid liga- 
ment (fig. 527) is a thin but broad 
fasciculus, which passes between the 
contiguous surfaces of the calcaneus 
and the cuboid bone, on the dorsal 
surface of the joint. 

The bifurcated ligament (figs. 
527, 530) is a strong band attached 
behind to the deep hollow on the upper 
surface of the calcaneus and dividing 
in front in a Y-shaped manner into a 
calcaneocuboid and a calcaneonavi- 
cular part. The calcaneocuboid part 
is fixed to the medial side of the cuboid 
bone and forms one of the principal 
bonds between the first and second 
rows of the tarsal bones. The calcaneo- 
navicular part is attached to the lateral 
side of the navicular bone. 

The long plantar ligament (fig. 
529), the longest of the tarsal ligaments, 
is attached behind to the plantar 
surface of the calcaneus in front of the 
tuberosity, and in front to the tuberosity 
on the plantar surface of the cuboid 
bone, the more superficial fibres being 
continued forwards to the bases of the 


second, third, and fourth metatarsal 
bones. This ligament converts the groove on the plantar surface of the cuboid 
bone into a canal for the tendon of the Peronseus longus. 

The plantar calcaneocuboid ligament (short plantar ligament) (fig. 529) 
lies nearer to the bones than the preceding, from which it is separated by a 
little areolar tissue. It is a short but wide band of great strength, and 
extends from the tubercle and the depression in front of it, on the fore part 
of the plantar surface of the calcaneus, to the plantar surface of the cuboid 
bone behind the peronaeal groove. 

Movements, — The movements permitted between the calcaneus and the cuboid 
bone are limited to slight gliding of the bones upon each other. 

The transverse tarsal joint is formed by the articulation of the calcaneus with 
the cuboid bone, and the articulation of the talus with the navicular bone. The 
^movement which takes place in this joint is more extensive than that in the other 
fcarsal joints, and consists of a sort of rotation by means of which the foot may be 
fslightly flexed or extended, the sole being at the same time carried medialwards 
^(inverted) or lateralwards (everted). 

Muscles producing the movements : 

Inversion . — Tibialis anterior, Tibialis posterior. 

Eversion. — Peronseus longus. 
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4. The Ligaments connecting the Calcaneus and Navicular 

Though, the calcaneus and the navicular bone do not directly articulate, 
they are connected by two ligaments : the calcaneonavicular part of the 
bifurcated, and the plantar calcaneonavicular. 

The calcaneonavicular part of the bifurcated ligament is described 
on p. 426. 

The plantar calcaneonavicular ligament (fig. 530) is a broad, thick band 
connecting the anterior margin of the sustentaculum tali of the calcaneus to 
the plantar surface of the navicular bone. This ligament not only unites the 
calcaneus with the navi- 
cular bone, but supports 
the head of the talus, 
forming part of the arti- 
cular cavity in which it 
is received. The dorsal 
surface of the ligament 
presents a fibrocartilagi- 
nous facet, lined with the 
synovial stratum, and upon 
this a portion of the head 
of the talus rests. Its 
plantar surface is supported 
by the tendon of the 
Tibialis posterior ; its 
medial border is blended 
with the anterior part of 
the deltoid ligament of the 
ankle-joint. The plantar 
calcaneonavicular and 
plantar calcaneocuboid 
ligaments together form 
the deep ligament of the 
tarsus. 

Applied Anatomy . — The 
plantar calcaneonavicular liga- 
ment, by supporting the head of 
the talus, is concerned in main- 
taining the arch of the foot. 

When it yields the head of 
the talus is pressed downwards, medialwards, and forwards by the weight of the body, 
and the foot becomes flattened, expanded, and turned lateralwards, and exhibits the 
condition known as flat foot. This ligament contains a considerable amount of elastic 
tissue, so as to give elasticity to the arch and spring to the foot; hence it is sometimes 
called the ‘ spring ’ ligament. It is supported, on its plantar surface, by the tendon of 
the Tibialis posterior, which spreads out at its insertion into a number of fasciculi, to be 
attached to most of the tarsal and metatarsal bones. This prevents undue stretching 
of the ligament, and is a protection against the occurrence of flat-foot; hence muscular 
weakness is, in most cases, the primary cause of the deformity. 


Fig. 530. — The right talocalcaneal and talocal- 
caneonavicular articulations, exposed by re- 
moving the talus. Superior aspect. 
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5. The Cuneonavicular Articulation 

The navicular bone is connected to the three cuneiform bones by dorsal and 
plantar ligaments. 

The dorsal ligaments are three small fasciculi, one attached to each of the 
cuneiform bones. The fasciculus connecting the navicular bone with the first 
cuneiform bone is continuous round the medial side of the articulation with the 
plantar ligament which unites these two bones. 

The plantar ligaments have a similar arrangement to the dorsal, and are 
strengthened by slips from the tendon of the Tibialis posterior. 

Movements* — Gliding movements are permitted between the navicular and 
cuneiform bones. 
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6. The Curoideonavicular Articulation 

The cuboid bone is connected with the navicular bone by dorsal, plantar, 
and interosseous ligaments. 

The dorsal ligament extends obliquely forwards and lateralwards, while 
the plantar passes nearly transversely from the cuboid bone to the navicular 
bone 

The interosseous ligament consists of strong transverse fibres, and 
connects the rough non-articular portions of the adjacent surfaces of the two 
bones. 

Movements. — The movements permitted between the navicular and cuboid bones 
are limited to a slight gliding upon each other. 


7. The Intercuneiform and Cuneocuboid Articulations 

The three cuneiform bones and the cuboid bone are connected together by 
dorsal, plantar, and interosseous ligaments. 

The dorsal and plantar ligaments each consist of three transverse bands : 
one connects the first and second cuneiform bones, another the second and 
third cuneiform bones, and another the third cuneiform and cuboid bones. 
The plantar ligaments are strengthened by slips from the tendon of the Tibialis 
posterior. 

The interosseous ligaments connect the rough non-articular portions of 
the adjacent surfaces of the bones. 

Movements. — The movements permitted between these bones are limited to 
a slight gliding upon each other. 

Applied Anatomy . — In spite of the great strength of the ligaments which connect 
the tarsal bones together, dislocation at some of the tarsal joints does occasionally occur. 
When this takes place, it is most commonly in connexion with the talus; for not only 
may this bone be dislocated from the tibia and fibula at the ankle-joint, but the other 
bones may be dislocated from it, the talus remaining in situ in the tibiofibular mortise. 
This constitutes what is known as the subtalar dislocation. Or, again, the talus may be 
dislocated from all its connexions— from the tibia and fibula above, the calcaneus below, 
and the navicular in front — and may even undergo a rotation, on either a vertical or a 
horizontal axis. In the former case the long axis of the bone is directed across the joint, 
so that the head faces the articular surface on one or other malleolus; in the latter, the 
collateral surfaces are directed upwards and downwards, so that the superior surface faces 
to one or the other side. Reduction in these cases is often very difficult or impossible, 
and the displaced talus may require removal by open operation. Dislocation may also 
occur at the transverse tarsal joint, the anterior tarsal bones being luxated from the 
talus and calcaneus. The other tarsal bones are occasionally, though rarely, dislocated 
from their connexions. 

The talus is sometimes removed to remedy certain types of club-foot. The incision is 
made between the tendons of the Peronasus tertius and Peronseus brevis ; the anterior and 
posterior talofibular and the calcaneofibular ligaments are divided, and the ankle-joint 
freely opened. In separating the medial side of the talus, the deltoid ligament and the 
sheath of the Flexor hallucis longus must be divided close to the bone. 


VIII. THE TARSOMETATARSAL ARTICULATIONS 

These are arthrodial joints. The first metatarsal bone articulates with the 
first cuneiform bone ; the second is deeply wedged in between the first and 
third cuneiform bones, articulating by its base with the second cuneiform 
bone ; the third articulates with the third cuneiform hone ; the fourth, with 
the cuboid and third cuneiform bones ; and the fifth with the cuboid bone. 
The bones are connected by dorsal, plantar, and interosseous ligaments. 

The dorsal ligaments are strong, fiat bands. The first metatarsal is 
joined to the first cuneiform bone by an articular capsule ; the second meta- 
tarsal receives three bands, one from each cuneiform bone ; the third, one 
from the third cuneiform hone ; the fourth, one from the third cuneiform bone 
and another from the cuboid bone ; and the fifth, one from the cuboid hone. 

The plantar ligaments consist of longitudinal and oblique bands, disposed 
with less regularity than the dorsal ligaments. Those for the first and second 
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metatarsal bones are the strongest ; the second and third metatarsal bones are 
joined by oblique bands to the first cuneiform bone ; the fourth andlfifth 
metatarsal bones are connected by a few fibres to the cuboid bone. p| 

The interosseous ligaments are three in number. The first is the strongest 
and passes from the lateral surface of the first cuneiform bone to the adjacent 
angle of the second metatarsal bone. The second connects the third cuneiform 
bone with the adjacent angle of the second metatarsal bone. The third connects 
the lateral angle of the third cuneiform bone with the adjacent side of the 
base of the third metatarsal bone. 

Movements. — The movements permitted between the tarsal and metatarsal 
bones are limited to slight gliding of the bones upon each other. 


IX. THE INTERMETATARSAL ARTICULATIONS 

The base of the first metatarsal bone is not connected with that of the second 
by any ligaments ; in this respect the great toe resembles the thumb. 


Fig. 531. — An oblique section through the left intertarsal and tarsometatarsal 
articulations, showing the synovial cavities. 



The bases of the second, third, fourth, and fifth metatarsal bones are 
connected by dorsal, plantar, and interosseous ligaments. 

The heads of all the metatarsal bones are connected by the transverse 
metatarsal ligament. 

, The dorsal and plantar ligaments pass transversely between the bases 
of the adjacent bones. 

The interosseous ligaments consist of strong transverse fibres which 
connect the rough non-articular portions of the adjacent surfaces. 

The transverse metatarsal ligament is a narrow band which runs across 
and connects together the heads of all the metatarsal bones ; it is blended 



430 


SYNDESMOLOGY 


anteriorly with the accessory plantar ligaments of the metatarsophalangeal 
articulations. Its plantar surface is concave where the flexor tendons run 
below it ; above it the tendons of the Interossei pass to their insertions. It 
differs from the transverse metacarpal ligament in that it connects the first 
metatarsal to the others. 

Movements. — The movements permitted between the tarsal ends of the meta- 
tarsal bones are limited to a slight gliding of the articular surfaces one upon another. 

The synovial cavities (fig. 531) present in the articulations of the tarsus 
and metatarsus are six in number : one for the talocalcaneal articulation ; a 
second for the talocalcaneonavicular articulation ; a third for the calcaneo- 
cuboid articulation ; a fourth for the cuneonavicular, intercuneiform, and 
cuneocuboid articulations, the articulations of the second and third cuneiform 
bones with the bases of the second and third metatarsal bones, and the adjacent 
surfaces of the bases of the second, third, and fourth metatarsal bones ; a fifth 
for the first cuneiform bone with the metatarsal bone of the great toe ; and a 
sixth, for the articulation of the cuboid bone with the fourth and fifth metatarsal 
bones. A small synovial cavity is sometimes found between the contiguous 
surfaces of the navicular and cuboid bones ; it may communicate with that 
between the cuboid and third cuneiform bones. 


X. THE METATARSOPHALANGEAL ARTICULATIONS 

The metatarsophalangeal articulations are of the condyloid kind, formed 
by the reception of the rounded heads of the metatarsal bones in shallow 
cavities on the bases of the first phalanges. 

The ligaments are the accessory plantar and collateral. 

The accessory plantar ligaments (glenoid ligaments of Cruveilhier) are 
thick, dense, fibrous structures. They are placed on the plantar surfaces of 
the joints in the intervals between the collateral ligaments, to which they are 
connected ; they are loosely united to the metatarsal bones, but are firmly 
fixed to the bases of the first phalanges. Their plantar surfaces are intimately 
blended with the transverse metatarsal ligament, and grooved for the flexor 
tendons, the fibrous sheaths of which are connected to the sides of the 
grooves ; the deep surfaces of the ligaments form parts of the articular facets 
for the heads of the metatarsal bones. 

The collateral ligaments are two strong, rounded cords, placed on the 
sides of the joints ; each is attached by one end to the posterior tubercle on 
the side of the head of the metatarsal bone, and by the other to the corre- 
sponding side of the base of the phalanx. 

The place of dorsal ligaments is supplied by the extensor tendons on the 
dorsal surfaces of the joints. 

Movements. — The movements permitted in the metatarsophalangeal articula- 
tions are flexion, extension, adduction, abduction and circumduction. 

Muscles producing the movements : 

Flexion . — Flexores digitorum longus et brevis, Quadratus plantse, Lumbricales, 
Interossei dorsales et plantares, Flexores hallucis longus et brevis, Flexor 
digit! quinti proprius. 

Extension . — Extensores digitorum longus et brevis, Extensor hallucis longus. 

Adduction . — Interossei plantares, Adductor hallucis, long flexors of toes. 

Abduction . — Interossei dorsales, Abductor hallucis, Abductor digiti quinti. 


XI. THE .ARTICULATIONS OF THE DIGITS 

The interphalangeal articulations are hinge-joints, and each has a plantar and 
two collateral ligaments. 

The arrangement of these ligaments is similar to that in the metatarsophalangeal 
articulations : the extensor tendons supply the places of dorsal ligaments. 

Movements. — The only movements permitted in the joints of the digits are 
flexion and extension ; these movements are more extensive between the first and 
second phalanges than between the second and third. The amount of flexion is very 
considerable, but extension is limited by the accessory plantar ligaments. 
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Muscles producing the movements : 

Flexion . — Flexores digitornm longus et brevis, Quadratus plants, Flexor 
hallucis longus. 

Extension. — Lumbricales, Interossei dorsales et plantares, Extensor hallucis 
longus, Extensores digitorum longus et brevis. 

Applied Anatomy . — When the head of the first metatarsal bone is removed for the 
enlargement which occurs in chronic arthritis, the sesamoid bones in the Flexor hallucis 
brevis should not be removed, since they form a protection to the new joint. The bursa 
over the head of the metatarsal bone is used in this operation to make the new joint- 
cavity. 


The Arches oe the Foot 

In order that the foot may support the weight of the body in the erect posture 
with the least expenditure of material, it is constructed of a series of arches formed 
by the tarsal and metatarsal bones, and strengthened by the ligaments, tendons and 
fascise of the foot. 

The main arches are the anteroposterior arches, which may be regarded as 
divisible into two types — a medial and a lateral. 


Fig-. 532. — The skeleton of the left foot. Medial aspect. 




The medial arch (fig. 532) is made up by the calcaneus, the talus, the navicular, 
the three cu neiform, and the first, second, and third metatarsal bones. Its summit 
-ts at the superior articular surface of the talus, and its two extremities or piers, 
on which it rests in standing, are the tuberosity on the plantar surface of the ca - 
caneus posteriorly, and the heads of the first, second, and third metatarsal bones 
anteriorly. The chief characteristic of this arch is its elasticity, due to its height 
and to the number of joints between its component parts. Its weakest part, 
i.e. the part most liable to yield from over-pressure, is the joint between the talus 
and the navicular bone, but this is braced by the plantar calcaneonavicular ligament, 
which is elastic and is thus able quickly to restore the arch when the disturbing 
force is removed. This ligament is strengthened medially by blending with the 
deltoid ligament of the ankle-joint, and is supported mfenorly by the tendon oi 
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the Tibialis posterior. The arch is further supported by the plantar aponeurosis, 
by the small muscles in the sole of the foot, by the tendon of the Tibialis anterior, 
and by the ligaments of all the articulations involved. 

The IqjMQkM&h (&g- 533) is composed of the calcaneus, the cuboid, and the 
fourth and fifth metatarsal bones. Its summit is at the talocalcaneal articulation, 
and its chief joint is the calcaneocuboid, which possesses a special mechanism for 
locking, and allows only a limited movement. The most marked features of this 
arch are its solidity and its slight elevation ; two strong ligaments, the long plantar 
and the plantar calcaneocuboid, the tendon of the Peronseus longus, the extensor 
tendons, and the short muscles of the little toe, preserve its integrity. 

In addition to the longitudinal arches the foot presents a series of transverse 
arches. At the posterior part of the metatarsus and the anterior part of the tarsus 
the arches are complete, but in the middle of the tarsus they present more the 
characters of half-domes the concavities of which are directed downwards and 
medialwards, so that when the medial borders of the feet are placed in apposition 
a complete tarsal dome is formed. The transverse arches are strengthened by the 
interosseous, plantar, and dorsal ligaments^ by the short muscles of the first and fifth 
toes (especially the transverse head of the Adductor hallucis), and by the Peronseus 
lpngus, the tendon of which stretches between the piers of the arches. 

Applied Anatomy . — Pes planus or fiat-foot is a very common deformity due to the 
disappearance of the arches of the foot, from subsidence dependent on stretching of the 
plantar ligaments. In its early stages before the deformity is marked it is accompanied 
by considerable pain from pressure on the plantar nerves, but when the condition is fully 
formed and the head of the talus has descended completely, the condition is painless but 
irremediable. 

The stretching of the ligaments in this condition is most often due to muscular weak- 
ness in young adults who may have to stand for long periods daily. The deep muscles, 
especially the posterior tibial group, by their tonicity are the most potent in maintaining 
the longitudinal arch, and when overtired they relax and throw the strain on the plantar 
ligaments which yield secondarily. All three posterior tibial muscles are effective in 
thus supporting the longitudinal arch, but perhaps the most important one is the Flexor 
hallucis longus which normally stretches like a bow-string across the whole antero- 
posterior length of the arch. 

The transverse arch subsequently disappears, this having been largely held up by the 
Peronseus longus. In the treatment of this static form of flat-foot, muscular rest is 
essential in the early stages, as once the ligamentous tissues are stretched, they are 
unable to return to their original condition. 

There are, however, other forms of flat-foot, viz. the congenital, and the paralytic 
(due to affections of the nerve-centres supplying the post- tibial group of muscles) ; those 
due to inflammation of the tarsal joints and those following injuries to the tarsus and 
metatarsus. If in the two later forms the patient put his weight on the foot before the 
normal condition has been fully established, pes planus is certain to result, and the 
arches will not be capable of restoration subsequently. 

Pes cavus, the opposite of pes planus, is usually due to some contracture of the 
posterior tibial group in certain affections of the medulla spinalis. It is also commonly 
seen in association with talipes equinus or equino varus, and here the longitudinal arching 
of the foot is greatly increased, with contraction of the plantar aponeurosis which in some 
instances becomes very pronounced. 
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flpHE muscles are connected with the bones, cartilages, ligaments, and skin, 
either directly, or through the intervention of fibrous structures called 
tendons or aponeuroses. Where a muscle is attached to bone or cartilage, the 
fibres end in blunt extremities upon the periosteum or perichondrium, and do 
not come into direct relation with the osseous or cartilaginous tissue. ’ Where 
muscles are connected with the skin, they he as a flattened layer beneath it, and 
are united with its areolar tissue by larger or smaller bundles of fibres. 

Muscles vary in their form. In the limbs, they are of considerable length, 
especially the more superficial ones ; they surround the bones, and constitute 
an important protection to the joints. In the trunk, they are broad and 
flattened, and assist in forming the walls of the trunk cavities. Hence the 
reason of the terms, long, broad, short, &c., used in the description of muscles. 

There is considerable variation in the arrangement of the fibres of certain 
muscles with reference to the tendons to which they are attached. In some 
muscles the fibres are parallel and run directly from their origin to their 
insertion ; these are quadrilateral muscles, such as the Thyreohyoideus. A 
modification of these is found in the fusiform muscles, in which the fibres are 
not quite parallel, but slightly curved, so that the muscle tapers at either end ; 
in their mode of action, however, they resemble the quadrilateral muscles. 
In other muscles the fibres arise by a broad origin and converge to a narrow or 
pointed insertion ; this arrangement is found in the triangular muscles — e.g. 
the Temporalis. In some muscles, which otherwise would belong to the 
quadrilateral or triangular type, the origin and insertion are not in the same 
plane, the plane of the line of origin intersecting that of the line of insertion : 
such is the case in the Pectineus. In some muscles (e.g. the Peronsei) the fibres 
are oblique and are attached to one side of a tendon ; such muscles are termed 
unipennate. A modification of this condition is found where oblique fibres 
are fixed to both sides of a central tendon ; such muscles are called bipennate, 
and an example is afforded in the Rectus femoris. Finally, there are muscles 
in which the fibres are arranged in curved bundles in one or more planes, as in 
the Sphincters. The arrangement of the fibres is of considerable importance 
in respect to the relative strength and range of movement of the muscle. Those 
muscles where the fibres are long and few in number have great range, but 
diminished strength ; where, on the other hand, the fibres are short and more 
numerous, there is great power, but lessened range. 

The names applied to the various muscles have been derived : 1, from their 
situation, as the Tibialis anterior, Tibialis posterior ; 2, from their direction, as the 
Rectus abdominis, Obliqui capitis, Transversus abdominis ; 3, from their uses, 
as Plexors, Extensors, Abductors, &c. ; 4, from their shape, as the Deltoideus, 
Rhomboideus ; 5, from the number of their divisions, as the Biceps, and Triceps ; 
6, from their attachment, as the Sternocleidomastoideus, Sternohyoideus, 
Sternothyreoideus. 

* The muscles and fasci© are described conjointly, in order that the student may consider 
the arrangement of the latter in his dissection of the former. It is rare for the student of anatomy 
in this country to have the opportunity of dissecting the fasciae separately ; and it is for this 
reason, as well as from the close connexion that exists between the muscles and their investing 
sheaths, that they are considered together. Some general observations are first made on the 
anatomy of the muscles and fasciae, the special descriptions being given in connexion with the 
different regions. 
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In the description of a muscle, the term origin is meant to imply its more fixed 
or central attachment ; and the term insertion the movable point to which the 
force of the muscle is applied ; but the origin is absolutely fixed in only a small 
number of muscles, such as those of the face which are attached by one end to 
immovable bones, and by the other to the movable skin. Most of the muscles can 
be made to act from either end. 

In the dissection of the muscles, attention should be directed to the origin , inser- 
tion, and actions of each, and to their more important relations with surrounding 
parts. While accurate knowledge of the points of attachment of the muscles is of 
great importance in determining their actions, it is not to be regarded as conclusive. 
The action of the muscle deduced from its attachments, or even by pulling on it in 
the dead subject, is not necessarily its action in the living. By pulling, for example, 
on the Brachioradialis in the cadaver the hand may be slightly supinated when in 
the prone position and slightly pronated when in the supine position, but there is no 
evidence that these actions are performed by the muscle during life. It is impossible 
for an individual to throw into action any one muscle ; in other words, movements, 
not muscles, are represented in the central nervous system. To carry out a move- 
ment a definite combination of muscles is called into play, and the individual has 
no power either to leave out a muscle from this combination, or to add one to it. 
One (or more) muscle of the combination is the chief moving force ; when this 
muscle passes over more than one joint, other muscles (synergic muscles) come into 
play to inhibit the movements not required ; a third set of muscles (fixation muscles) 
fix the limb — i.e. in the case of the limb -movements — and also prevent disturbances 
of the equilibrium of the body generally. As an example, the movement of the 
closing of the fist may be considered : (1) the prime movers are the Flexores digi- 
torum, Flexor pollicis longus, and the small muscles of the thumb ; (2) the synergic 
muscles are the Extensores carpi, which prevent flexion of the wxist ; while (3) the 
fixation muscles are the Biceps and Triceps brachii, which steady the elbow and 
shoulder. A further point which must be borne in mind in considering the actions 
of muscles is that in certain positions a movement can be effected by gravity, and 
in such a case the muscles acting are the antagonists of those which might be 
supposed to be in action. Thus in flexing the trunk when no resistance is interposed 
the Sacrospinales contract to regulate the action of gravity, and the Recti abdominis 
are relaxed.* 

The minute anatomy of muscular tissue is described on pp. 29 to 33. 

Applied Anatomy . — By a consideration of the actions of the muscles, the surgeon is 
able to explain the causes of displacement in various forms of fracture, and the causes 
which produce distortion in various deformities, and, consequently, to adopt appropriate 
treatment in each case. The relations, also, of some of the muscles, especially those in 
immediate apposition with the large blood-vessels, and the surface markings they produce, 
.should be remembered, as they form useful guides in the application of ligatures to those 
vessels. Degeneration of muscular tissue is important clinically, and is met with in two 
main conditions. In one, the degeneration is myopathic, or primary in the muscles them- 
selves ; in the other it is neuropathic, or secondary to some lesion of the nervous system— 
a haemorrhage into the brain, for example, or injury or inflammation of some part of the 
medulla spinalis or peripheral nerves. In either case more or less paralysis and atrophy 
of the affected muscles result. When the degeneration begins primarily in the muscles, 
however, it often happens that though the muscle-fibres waste away, their place is taken 
by fibrous and fatty tissue to such an extent that the affected muscles increase in volume, 
and actually appear to hypertrophy. 

Ossification of muscular tissue as a result of repeated strain or injury is not infrequent. 
It is oftenest found about the tendon of the Adductor longus in horsemen, in the Pectoralis 
major and Deltoideus of soldiers, or in the tendon of the Brachialis after dislocation of the 
elbow. It may take the form of exostoses firmly ‘fixed to the bone — e.g. ‘rider’s bone’ 
on the femur — or of layers or spicules of bone lying in the muscles or their fasciae and 
tendons. Busse states that these bony deposits are preceded by a haemorrhagic myositis 
■due to injury, the effused blood organising and being finally converted into bone. In the 
rarer disease, progressive myositis ossificans, there is an unexplained tendency for practi- 
cally any of the voluntary muscles to become converted into solid and brittle bony masses 
which are completely rigid. 

* Consult in this connexion * Muscular Movements and their representation in the Central 
Nervous System,’ bv C. E. Beevor (1903), ‘ The Action of Muscles,’ by W. Colin Mackenzie (1918), 

* The principles of Anatomy as seen in the hand,’ E. Wood Jones (1920). 
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THE TENDONS, APONEUROSES, AND FASCI2E 

The tendons are white, glistening cords, varying in length and thickness, 
4and devoid of elasticity. They consist almost entirely of white fibrous tissue, 
the fibrils of which have an undulating course parallel with each other and are 
firmly united together. They are very sparingly supplied with blood-vessels, 
the smaller tendons presenting in their interior no trace of them. Nerves 
tendons end in what are known as neurotendinous spindles or organs 
of Golgi ; these are described with the organs of the senses. 

The aponeuroses are flattened or ribbon-shaped tendons, of a pearly-white 
colour, iridescent and glistening ; they are only sparingly supplied with blood- 
vessels. 

The tendons and aponeuroses connect the muscles with the movable struc- 
tures, such as the bones and cartilages. Where the end of a muscle is continued 
directly into a tendon, the line of junction between the two is usually w r ell- 
defined, but where the muscle meets the tendon obliquely, bundles of tendon 
fibres generally run for a variable distance into the substance of the muscle, 
so that the line of junction is irregular. Microscopic examination shows that, 
in either case, the tendon is subdivided into small bundles, corresponding in 
size and number with the fibres of the muscle. Each muscular fibre ends 
in a more or less rounded extremity covered by sarcolemma, and the fibres of 
each tendon bundle are intimately united with the sarcolemma covering the 
end of the muscular fibre. The mode of union is well shown when the muscle 
fibre has shrunk inside its sarcolemma. 

The fasciae are fibro-areolar or aponeurotic laminae, of variable thickness 
and strength, found in all regions of the body, investing the softer and more 
delicate organs. During the process of development many of the cells of the 
mesoderm are differentiated into bones, muscles, vessels, &c. ; the cells of 
the mesoderm which are not so utilised form an investment for these structures 
and are differentiated into the true skin and the fasciae of the body. The 
fasciae are subdivided into superficial and deep. 

The superficial fascia is found immediately beneath the integument over 
almost the entire surface of the body. It connects the skin to the subjacent 
parts, and consists of fibro-areolar tissue, containing in its meshes pellicles 
of fat in varying quantity. It varies in thickness in different parts of the 
body ; in the groin it is so thick that it may be subdivided into several laminse. 
Beneath the fatty layer there is generally another layer of superficial fascia, 
almost devoid of adipose tissue, in which the trunks of the subcutaneous vessels 
and nerves and the superficial lymph-glands are found. Certain cutaneous 
muscles are situated in the superficial fascia, e.g. the Platysma and the muscles 
of the face. The superficial fascia is most distinct at the lower part of the 
abdomen, perinaeum, and extremities ; it is very thin in those regions where 
muscular fibres are inserted into the integument, as on the side of the neck, 
in the face, and around the anus. It is very dense in the scalp, palms of the 
hands, and soles of the feet, forming a fibrofatty layer, which binds the integu- 
ment firmly to the underlying structures. It facilitates the movement of 
the skin, serves as a soft nidus for the passage of vessels and nerves to the 
skin, and retains the warmth of the body, since the fat contained in its areolae 
is a bad conductor of heat. 

The deep fascia is a dense, inelastic membrane, forming sheaths for the 
muscles, and in some cases affording them broad surfaces for attachment. 
It consists of shining tendinous fibres, placed parallel with one another, and 
connected together by other fibres disposed in a rectilinear manner. It forms 
a strong investment which not only binds down collectively the muscles in each 
region, but gives a separate sheath to each, as well as to the vessels and nerves. 
It assists the muscles in their actions by the degree of tension and pressure 
it makes upon their surfaces ; in certain situations the degree of tension and 
pressure is regulated by muscles, as, for instance, by the Tensor fasciae latae 
and Glutaeus maximus in the thigh, and the Palmaris longus in the hand. In 
the limbs, the fascia not only invests the limb, but gives off septa which separate 
the various muscles, and are attached to the periosteum : these prolongations 
of fasciae are usually spoken of as intermuscular septa. 
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The fascia and muscles may be grouped into those of the head and neck - 
of the trunk ; of the upper extremity ; and of the lower extremity. ’ 


THE FASCIA AND MUSCLES OF THE HEAD 
I. The Muscle of the Scalp 
Epicranius 

. Tiie superficial fascia in the cranial region is a firm, fibrofattv laver 
intimately adherent to the integument, and to the Epicranius and its tendinous 
aponeurosis ; behind, it is continuous with the superficial fascia at the back 
of the neck ; laterally, is prolonged over the temporal fascia. 


Fig. 534.— The muscles of the scalp and face. Left lateral aspect. 



i *fP* cran i us .(Occipitofrontalis) (fig. 534) is a broad, musculofibrous 

layer, which covers the vertex of the skull on either side, from the occipital 
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Lone to the eyebrow. It consists of two parts, the Occipitalis and the Frontalis, 
connected by an intervening aponeurosis, the galea aponenrotica. 

The Occipitalis, thin and (quadrilateral in form, arises by tendinous fibres 
from the lateral two-thirds of the highest nuchal line of the occipital bone, and 
from the mastoid part of the temporal bone. It ends in the galea aponeurotica. 

The Frontalis is thin, of a quadrilateral form, and intimately adherent to the 
superficial fascia. It is broader than the Occipitalis and its fibres are longer and 
paler in colour. It has no bony attachments. Its medial fibres are continuous 
with those of the Procerus ; its intermediate fibres blend with the Corrugator 
and Orbicularis oculi ; and its lateral fibres are also blended with the latter 
muscle over the zygomatic process of the frontal bone. From these attachments 
the fibres are directed upwards, and join the galea aponeurotica in front of the 
coronal suture. The medial margins of the Frontales are joined together for 
some distance above the root of the nose ; but between the Occipitales there is 
a considerable, though variable, interval, occupied by the galea aponeurotica. 

The galea aponeurotica (epicranial aponeurosis) covers the upper part 
of the cranium ; behind, it is attached, in the interval between the Occipitales, 
to the external occipital protuberance and highest nuchal line of the occipital 
bone ; in front, it forms a short and narrow prolongation between the Frontales . 
On either side it gives origin to the Auriculares anterior et superior ; in this 
situation it loses its aponeurotic character, and is continued over the temporal 
fascia to the zygomatic arch. It is closely united to the integument by the 
firm, fibrofatty superficial fascia : it is connected to the pericranium by loose 
cellular tissue, which allows of the movement of the aponeurosis, the latter 
carrying with it the integument. 

Nerve-supply. — The Occipitalis is supplied by the posterior auricular branch, and 
the Frontalis by the temporal branches, of the facial nerve. 

Actions. — The Occipitales draw the scalp backwards ; the Frontales acting from 
above raise the eyebrows and the skin over the root of the nose ; acting from below 
they draw the scalp forwards, throwing the integument of the forehead into trans- 
verse wrinkles. By bringing alternately into action the Occipitales and Frontales 
the entire scalp may be moved backwards and forwards. In the ordinary action 
of the Frontales, the eyebrows are elevated, thus giving to the face the expression 
of surprise : if the action be exaggerated, the eyebrows are still further raised, and 
the skin of the forehead thrown into transverse wrinkles, as in the expression of 
fright or horror. 

A thin muscular slip, the Tmnsversus nuchce , is present in about 25 per cent, of 
cases ; it arises from the external occipital protuberance or from the superior nuchal 
line, either superficial or deep to the Trapezius ; it is frequently inserted with the 
Auricularis posterior, but may join the posterior edge of the Sternocleidomastoideus. 

Applied Anatomy. — The scalp consists of five layers, viz. the skin, subcutaneous 
tissue, Epicranius and its aponeurosis, subaponeurotic connective tissue, and peri- 
cranium. But from a surgical standpoint it is better to regard the first three of these as 
a single layer, since they are all intimately fused together, and when torn off in an 
accident, or turned down as a flap in a surgical operation, remain firmly connected to 
each other. In consequence of the dense character of the subcutaneous tissue, the 
amount of swe llin g which occurs as the result of inflammation is slight; and the edges 
of a wound, which does not involve the Epicranius or its aponeurosis do not gape. The 
blood-vessels, also, which lie in this tissue, when wounded, do not contract and retract 
freely; and therefore the haemorrhage from scalp wounds is often very considerable, but 
can always be arrested by pressure — a matter of great importance, as it is often very 
difficult or impossible to pick up with forceps a wounded vessel in- the scalp. 

The subaponeurotic connective tissue is, from a surgical point of view, of considerable 
importance. It is loose and lax, and is easily torn through; and hence, when the scalp 
is wounded, this is the tissue which is torn when the flap is separated from the parts 
beneath. The vessels are contained in the flap, and there is little risk of sloughing, 
unless the vitality of the part has been actually destroyed by the injury. In consequence 
of the loose nature of the subaponeurotic tissue, any septic inflammation is apt to assume 
a very diffuse form and spread over the skull, and, unless relieved by timely incisions, 
may lead to serious complications. Owing to the attachments of the aponeurosis to the 
zygomatic arch and highest nuchal line, subaponeurotic effusions sag down in these 
situations, but do not extend beyond to the infratemporal fossa, or into the^neck; 
anteriorly, however, where there is no definite attachment to bone, the effusion will pass 
down over the nose, and into the eyelids. When making incisions into the scalp, care 
should be taken to avoid the course of the main arteries. 
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II. The Muscles of the Eyelids 

Levator palpebrae superioris. Orbicularis oculi. Corrugator. 

The Levator palpebrse superioris is described with the anatomy of the eye. 

The Orbicularis oculi (figs. 534, 535) is a broad, flat, elliptical muscle 
which occupies the eyelids or palpebrse, surrounds the circumference of the 
orbit, spreads over the temporal region, and downwards on the cheek. It 
consists of three main portions, orbital, palpebral and lacrimal. 


Etc. 535. — The left Orbicularis oculi. Posterior aspect. 
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The orbital portion of the Orbicularis oculi, of a reddish colour and thicker 
than the palpebral portion, arises from the nasal part of the frontal bone, from 
the frontal process of the maxilla (fig. 536), and from the medial palpebral 
ligament (tendo oculi) which interrupts the line of the bony origin. Its fibres 
form complete ellipses without interruption on the lateral side, the upper fibres 
blending with the Frontalis and Corrugator. 

The palpebral portion of the Orbicularis oculi is thin and pale ; it arises from 
the medial palpebral ligament, chiefly from its superficial and partly from its 
deep surface, but not from its lower margin ; it also arises from the bone im- 
mediately above and below the ligament. The muscular fibres sweep across 
the eyelids in front of the orbital septum, and at the lateral commissure inter- 
lace to form the lateral palpebral raphe. A small bundle of very fine fibres 
lies close to the margin of each eyelid, behind the eyelashes ; it is named 
the ciliary bundle or muscle of Riolan. 

The lacrimal portion of the Orbicularis oculi (Tensor tarsi) lies behind 
the lacrimal sac. It arises from the fascia covering the lacrimal sac, from the 
upper part of the posterior lacrimal crest, and the adjacent part of the lateral 
surface of the lacrimal bone. Passing lateralwards behind the lacrimal sac the 
muscle divides into two slips, an upper and a lower ; some of the fibres of 
these slips are inserted into the superior and inferior tarsi and are closely 
related to .the lacrimal ducts, but most of them are continued across the eyelids 
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in front of the tarsal plates (pars tarsalis) and interlace in the lateral palpebral 
raphe. 

The medial palpebral ligament (tendo oculi), about 4 mm. in length and 2 mm. 
in breadth, is attached to the frontal process of the maxilla in front of the 
lacrimal groove. Crossing the lacrimal sac, it divides into two parts, upper 
and lower, each attached to the medial end of the corresponding tarsus. As 
the ligament crosses the lacrimal sac, an aponeurotic lamina is given off from 
its posterior surface ; this expands over the sac, and is attached to the posterior 
lacrimal crest. 

The lateral palpebral raphe is a much weaker structure than the medial 
palpebral ligament. It is formed by the interlacing of the lateral ends of the 
palpebral fibres of the Orbicularis oculi, strengthened on its deep surface by 
the orbital septum. It passes over the orbital margin, and is attached to the 
bone by connective tissue only (Whitnall). 

Nerve-supply. — The Orbicularis oculi is supplied by the temporal and zygomatic 
branches of the facial nerve. 

Actions. — The Orbicularis oculi is the sphincter muscle of the eyelids. The 
palpebral portion acts involuntarily, closing the lids gently, as in sleep or in blinking ; 
the orbital portion is subject to the will. When the entire muscle is brought into 
action, the skin of the forehead, temple, and cheek is drawn towards the medial 
angle of the orbit, and the eyelids are firmly closed. The skin thus drawn upon is 
thrown into folds, especially radiating from the lateral angle of the eyelids ; these 
folds become permanent in old age, and form the so-called c crow’s feet/ The 
Levator palpebrse superioris is the direct antagonist of this muscle since it raises 
the upper eyelid and exposes the front of the bulb of the eye._ The lacrimal part 
of the Orbicularis oculi draws the eyelids and the papillae lacrimales medialwards, 
and directs them into the lacus lacrimalis ; it also dilates the lacrimal sac. 


Fig. 536— A sketch showing the attachments of the muscles around the 
base of the orbit. 

Frontal bone 



The Corrugator is a small pyramidal muscle, placed at the medial end of 
the eyebrow, beneath the Frontalis and Orbicularis oculi. It arises from the 
medial end of the superciliary arch ; and its fibres pass lateralwards and slightly 
upwards, and are inserted into the deep surface of the skin, above the middle 

of the orbital arch. _ ' , _ 

Nerve-supply. — The Corrugator is supplied by the temporal branches of the 

facial nerve. 
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Actions. — The Corrugator draws the eyebrow medial wards and downwards, pro- 
ducing the vertical wrinkles of the forehead. It is the ‘ frowning ’ muscle, and may 
be regarded as the principal muscle in the expression of suffering. 


III. The Muscles of the Nose (fig. 534) 

Procerus. Depressor septi. 

Nasalis. Dilatator naris posterior. 

Dilatator naris anterior. 

The Procerus (Pyramidalis nasi) is a small pyramidal slip arising bv 
tendinous fibres from the fascia covering the lower part of the nasal bone and 
upper part of the lateral nasal cartilage ; it is inserted into the skin over 
the lower part of the forehead between the two eyebrows, its fibres decussating 
with those of the Frontalis. 

Nerve-supply. — -The Procerus is supplied by the buccal branches of the facial 
nerve. 

Actions.— -The Procerus draws down the medial angle of the eyebrow and pro- 
duces the transverse wrinkles over the bridge of the nose. 

The Nasalis (Compressor naris) consists of two parts, transverse and alar. 
The transverse part arises from the maxilla, above and lateral to the incisive 
fossa ; its fibres proceed upwards and medialwards, expanding into a thin 
aponeurosis which is continuous on the bridge of the nose with that of the 
muscle of the opposite side, and with the aponeurosis of the Procerus. The 
alar part is attached by one end to the greater alar cartilage, and by the other 
to the integument at the apex of the nose. 

Nerve-supply. — The Nasalis is supplied by the buccal branches of the facial nerve. 

Actions. — The Nasalis depresses the cartilaginous part of the nose, and draws 
the ala towards the septum. 

The Depressor septi arises from the incisive fossa of the maxilla ; its fibres 
ascend to be inserted into the septum and back part of the ala of the nose. 
It lies between the mucous membrane and muscular structure of the lip. 

Nerve-supply. — The Depressor septi is supplied by th£ buccal branches of the 
facial nerve. 

Actions. — The Depressor septi is a direct antagonist of the other mnscles of the 
nose, drawing the ala of the nose downwards and thereby constricting the aperture 
of the naris. 

The Dilatator naris posterior is placed partly beneath the Quadratus 
labii superioris. It arises from the margin of the nasal notch of the maxilla, 
and from the lesser alar cartilages, and is inserted into the skin near the margin 
of the nostril. 

The Dilatator naris anterior is a delicate fasciculus, passing from the 
greater alar cartilage to the integument near the margin of the nostril ; it is 
situated in front of the preceding. 

Nerve-supply. — The Dilatatores naris, posterior et anterior, are supplied by the 
buccal branches of the facial nerve. 

Actions. — The Dilatatores enlarge the apertures of the nares. Their action in 
ordinary breathing is to resist the tendency of the nares to close from atmospheric 
pressure, hut in difficult breathing, as well as in some emotions, such as anger, 
they contract strongly. 


IY. The Muscles of the Mouth (fig. 534) 


Quadratus labii superioris. 

Caninus. 

Zygomaticus. 

Mentafis. 

Risorius. 


Quadratus labii inferioris. 
Triangularis. 

Buccinator. 

Orbicularis oris. 


The Quadratus labii superioris is a broad sheet, the origin of which 
extends from the side of the nose to the zygomatic bone. Its medial fibres 
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form the angular head, which arises by & pointed extremity from the upper 
part of the frontal process of the maxilla, and passing obliquely downwards 
and lateralwards divides into two slips. One of these is inserted into the 
greater alar cartilage and skin of the nose ; the other is prolonged into the 
lateral part of the upper lip, blending with the infra-orbital head and with 
the Orbicularis oris. The intermediate portion or infra-orbital head arises 
from the lower margin of the orbit immediately above the infra-orbital foramen, 
some of its fibres arising from the maxilla, others from the zygomatic bone. 
Its fibres converge, to be inserted into the muscular substance of the upper 
lip between the angular head and the Caninus. The lateral fibres form the 
zygomatic head , and are separated from the rest of the muscle by a narrow 
interval ; they arise from the malar surface of the zygomatic bone immediately 
behind the zygomaticomaxillary suture and pass downwards and medialwards 
to the upper lip. 

Nerve-supply. — The Quadratus labii superioris is supplied by the buccal branches 
of the facial nerve. 

Actions. — The Quadratus labii superioris raises the upper lip and at the same 
time everts it. Its angular head also acts as a dilator of the naris ; the infra-orbital 
and zygomatic heads assist in forming the nasolabial furrow, which passes from 
the side of the nose to the upper lip and gives to the face an expression of sadness. 
When the whole miiscle is in action it gives to the countenance the expression of 
contempt and disdain. 

18 The Caninus (Levator anguli oris) arises from the canine fossa, immediately 
below the infra-orbital foramen ; its fibres are inserted into the angle of 
the mouth, intermingling with those of the Zygomaticus, Triangularis, and 
Orbicularis oris. 

Nerve-supply.— The Campus is supplied by the buccal branches of the facial nerve. 

Actions. — The Caninus raises the angle of the mouth and assists in producing the 
nasolabial furrow. 

The Zygomaticus arises from the zygomatic bone, in front of the zygo- 
maticotemporal suture, and descending obliquely with a medial inclination, 
is inserted into the angle of the mouth, v T here it blends with the fibres of the 
Caninus, Orbicularis oris, and Triangularis. 

Nerve-supply. — The Zygomaticus is supplied by the buccal branches of the facial 
nerve. 

Actions. — The Zygomaticus draws the angle of the mouth upwards and lateral- 
wards as in laughing. 

The Mentalis (Levator menti) is a conical fasciculus, situated at the side 
of the frenulum of the lower lip. It arises from the incisive fossa of the mandible 
and descends to be inserted into the integument of the chin. 

Nerve-supply. — The Mentalis is supplied by the mandibular branch of the facial 
nerve. 

Actions. — The Mentalis raises and protrudes the lower lip, and at the same time 
wrinkles the skin of the chin, expressing doubt or disdain. 

The Quadratus labii inferioris is a quadrilateral muscle. It arises 
from the oblique line of the mandible, between the symphysis and the mental 
foramen, and passes upwards and medial’wards, to be inserted into the integu- 
ment of the lower lip, its fibres blending with the Orbicularis oris, and with 
those of its fellow of the opposite side. At its origin it is continuous with the 
fibres of the Platysma. Much yellow fat is intermingled with the fibres of 
this muscle. 

Nerve-supply. — The Quadratus labii inferioris is supplied by the mandibular 
branch of the facial nerve. 

Aetions.—The Quadratus labii inferioris draws the lower lip downwards and a 
little lateralwards, as in the expression of irony. 

The Triangularis (Depressor anguli oris) arises from the oblique line of the 
mandible below and lateral to the Quadratus labii inferioris ; its fibres converge 
and are inserted by a narrow fasciculus into the angle of the mouth. At 
its origin it is continuous with the Platysma, and at its insertion with the 
Orbicularis oris and Risorius ; some of its fibres are directly continuous with 
those of the Caninus, and others are occasionally found crossing from the 
muscle of one side to that of the other ; these latter fibres constitute the 
Tmnsversus menti. 
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Nerve-supply. — The Triangularis is supplied by the mandibular branch of the 
facial nerve. 

Actions. — The Triangularis draws the angle of the mouth downwards and 
lateralwards. 

The Buccinator (%. 537) is a thin quadrilateral muscle, occupying the 
interval between the maxilla and the mandible, at the side of the face. It arises 


Pig. 537. — The Buccinator and the muscles of the pharynx. 
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from the outer surfaces of the alveolar processes of the maxilla and mandible, 
opposit e to the three molar teeth ; and behind, from the anterior border of 
the pterygomandibular raphe which separates the muscle from the Constrictor 
pharyngis superior. The fibres converge towards the angle of the mouth, 
where the central fibres intersect each other, those from below being continuous 
with the upper segment of the Orbicularis oris, and those from above with the 
lower segment ; the highest and lowest fibres are continued forward into 
the corresponding lip without decussation. 
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Relations. The Buccinator is covered by the buccopharyngeal fascia, and is in 
relation by its superficial surface , behind, with a large mass of fat, which separates it 
ran J- us ^he niandible, the Masseter, and a small portion of the Temporalis; 
this fat has been named the suctorial pad , because it is supposed to assist in the act 
of sucking. In front the superficial surface of the Buccinator is in relation with the 
Zygomaticus, Risorms, Canrnus, Triangularis, and the parotid duct which pierces it 
opposite the second molar tooth of the maxilla; the external maxillary artery and 
anterior facial vein cross it from below upwards; it is also crossed by branches of the 
facial and buccinator nerves. The deep surface is in relation with the buccal glands and 
mucous membrane of the mouth. 1=5 


Nerve-supply. The Buccinator is supplied by the buccal branches of the facial 
nerve. 

Actions. The Buccinator muscles compress the cheeks against the teeth, so 
that during the process of mastication the food is kept under the immediate pressure 
of the teeth. When the cheeks have been previously distended with air, the Bucci- 
nators expel it between the lips, as in blowing a trumpet ; hence the name ( buccina , 
a trumpet). 

The pterygomandibular raphe is a tendinous band of the buccopharyngeal 
fascia, attached by one extremity to the hamulus of the medial pterygoid lamina, 
and by the other to the posterior end of the mylohyoid line of the mandible! 
Medially it is covered by the mucous membrane of the mouth. Laterally it 
is separated from the ramus of the mandible by a quantity of adipose tissue. 
P osteriorly it gives attachment to the Constrictor pharyngis superior, and 
anteriorly to a part of the Buccinator (fig. 537). 

The Orbicularis oris (figs. 534, 538) is not a simple sphincter muscle 
like the Orbicularis oculi ; it consists of numerous strata of muscular fibres 
surrounding the orifice of the mouth but having different directions. It 
consists partly of fibres derived from the other facial muscles which are inserted 
into the lips, and partly of fibres proper to the lips. Of the former, a con- 
siderable number are derived from the Buccinator, and form the deeper stratum 
of the Orbicularis. Some of the Buccinator fibres— namely, those near the 
middle of the muscle — decussate at the angle of the mouth ; the uppermost 
and lowermost fibres pass across the lips from side to side without decussation. 
Superficial to this is a second stratum, formed on either side by the Oaninus 
and Triangularis, which cross each other at the angle of the mouth ; the fibres 
from the Caninus pass to the lower lip, and those from the Triangularis to 
the upper lip, along which they 
run, to be inserted into the skin 
near the median line. In addition 
to these there are fibres from the 
Quadratus labii superioris, the 
Zygomaticus, and the Quadratus 
labii inferioris ; these intermingle 
with the transverse fibres des- 
cribed above, and have principally 
an oblique direction. The proper 
fibres of the lips are oblique, and 
pass from the deep surface of the 
skin to the mucous membrane, 
through the thickness of the lip. 

Finally there are fibres by which 
the muscle is connected with the 
maxillae and the septum of the 
nose above and with the mandible 
below. In the upper lip these 
consist of two bands, lateral and medial, on either side of the middle line ; 
the lateral band (m. incisivus labii superioris) arises from the alveolar border 
of the maxilla, opposite the lateral incisor tooth, and arching lateral wards 
is continuous with the other muscles at the angle of the mouth ; the medial 
band (m. nasolabialis) connects the upper lip to the back of the septum 
of the nose. The interval between the two medial bands corresponds with 
the depression, called the philtrum , seen on the lip beneath the septum of the 
nose. The additional, fibres for the lower lip constitute a slip (m. incisivus 


Fig. 538. — A scheme showing the arrangement 
of the fibres of the Orbicularis oris. 
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the passage of the limb -from the flexed to the extended position a gliding move- 
ment is superposed on the rolling, so that the axis, which at the commencement 
is represented by a line through the medial and lateral condyles of the femur, 
gradually shifts forwards. In this part of the movement, the posterior two-thirds 
of the femoral condyles are involved, and as these have similar curvatures and are 
parallel to one another, they move equally. The lateral condyle of the femur is 
brought almost to rest by the tightening of the anterior cruciate ligament; 
it moves, however, slightly forwards and medial wards, pushing before it the 


Pig. 522.-— A sagittal section through the right knee-joint. Lateral aspect. 
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anterior part of the lateral meniscus. The tibial surface on the medial condyle is 
prolonged farther forwards than that on the lateral and this Folongation is 
directed lateralwards. When, therefore, the movement of the lateral condyle 
is checked hy the anterior cruciate ligament, continued muscular action causes 
the medial condyle, dragging with it the memscus, to travel 
medial wards, thus producing an internal rotation of the g 
the position of full extension is reached the lateral part of the groove on the 
lateral condyle is pressed against the anterior part of the corres |°^ n | 
while the medial part of the groove rests on the articular : margin m front of the 
lateral process of the tibial intercondyloid eminence. Into the ^ 00 , v ® °^, t j le 
condyle is fitted the anterior part of the medial memscus, while the ant r o 
cruciate ligament and the articular margin m front of the medial process of the tibial 
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fascia. Its fibres converge as they descend, and end in a tendon which passes 
deep to the zygomatic arch and is inserted into the medial surface, apex, and 
anterior border of the coronoid process, and the anterior border of the ramus 
of the mandible nearly as far forwards as the last molar tooth. 


Fig. 539. — The left Temporalis. The zygomatic arch and the Masseter have 

been removed. 



Relations. — Superficial to the muscle are the skin, the Auriculares anterior et superior, 
the temporal fascia, the superficial temporal vessels, the auriculotemporal nerve^ the 
temporal branches of the facial nerve, the zygomaticotemporal nerve, the galea aponeuro- 
tica, the zygomatic arch, and the Masseter. The deep surface is in relation with the 
temporal fossa, the Pterygoideus externus and part of the Buccinator, the internal 
maxillary artery and its deep temporal branches, the deep temporal nerves, and the 
buccinator vessels and nerve. Behind the tendon of the muscle are the masseteric vessels 
and nerve. The anterior border is separated from the zygomatic bone by a mass of fat. 

Nerve-supply. — The Temporalis is supplied by the deep temporal branches of 
the anterior trunk of the mandibular nerve. 

Actions. — The Temporalis pulls the mandible towards and against the maxillse ; 
its posterior fibres draw the condyle backwards. 

The Pterygoideus externus (fig. 540) is a short, thick muscle, somewhat 
conical in form. It arises by two heads : an upper from the infratemporal 
surface and infratemporal crest of the great wing of the sphenoidal hone ; 
and a lower from the lateral surface of the lateral pterygoid lamina. Its fibres 
pass horizontally backwards and lateral wards, to be inserted into a depression 
(pterygoid fovea) on the front of the neck of the condyle of the mandible, and 
into the articular capsule and disc of the mandibular articulation. 

Relations. — Its superficial surface is in relation with the ramus of the mandible, 
the internal maxillary artery, which crosses it* the tendon of the Temporalis, and the 
Masseter. Its deep surface rests against the upper part of the Pterygoideus intern us, the 
sphenomandibular ligament, the middle meningeal artery, and the mandibular nerve; its 
upper border is in relation with the temporal and masseteric branches of the mandibular 
nerve; its lower border with the lingual and inferior alveolar nerves. The buccinator 
nerve and the 'internal maxillary artery pass between the heads of the muscle. 

Nerve-supply. — The Pterygoideus externus is supplied by a branch from the 
anterior trunk of the mandibular nerve. 

* In many cases the artery lies deep to the muscle. 
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forward the condyle of the mandible and the articular disVwLTthe hodvft 2 
mandible is being depressed by the suprahyoid muscles. Acting with the Pw & 

fiTc is^r*** the mandible so that the 

arise^from^S^nediaJ^urfaee^^he^latCTaJ^ptery^M'iam^a^iidThe smooved 
surface of the pyramidal process of the palatine bone ; it hafa second Sp 


Pig. 540— The left Pterygoidei. The zygomatic arch and a portion of the 
ramus of the mandible have been removed. 
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Nerve-supply.— The Pterygoideus internus is supplied by a branch from the 
mandibular nerve. 

Actions.— The Pterygo : deus internus assists in approximating the mandible to 
the maxillse. Acting with the Pterygoideus extemus it protrudes the mandible. 
When the two I terygoidei of one side are in action, the corresponding side of the 
mandible is drawn forwards, while the opposite condyle remains comparatively 
hxed ; by an alternating action of the muscles of the two sides, the side-to-side 
movements, such as take place during trituration of the food, are effected. 
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THE FASCLE AND MUSCLES OF THE ANTEROLATERAL REGION 

OF THE NECK 

The anterolateral muscles of the neck may he arranged into the following 
groups : 

I. Superficial and lateral cervical. III. Anterior vertebral. 

II. Supra- and infra-hyoid. IV. Lateral vertebral. * 

The superficial fascia of the neck is a thin lamina investing the Flatysma, 
and is hardly demonstrable as a separate membrane. 


Fig. 541.-— A transverse section through the left hah of the neck at about the level 
of the sixth cervical vertebra, showing the arrangement of the fascia colli. 
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The fascia colli (deep cervical fascia) (fig. 541) lies under cover of the 
Platysma, and invests the muscles of the neck ; it also forms sheaths for 
the carotid vessels, and for the structures situated in front of the vertebral 
column. 
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The investing portion of the fascia is attached behind to the ligamentum 
nuchse and to the spinous process of the seventh cervical vertebra. It forms 
a thin investment for the Trapezius, and from the anterior border of this muscle 
is continued forwards, as a rather loose areolar layer covering the posterior 
triangle of the neck, to the posterior border of the Sternocleidomastoideus, 
where it begins to assume the appearance of a fascial membrane. Along the 
hinder edge of the Sternocleidomastoideus it divides to enclose the muscle, and 
at the anterior margin again forms a single lamella, which covers the anterior * 
triangle of the neck, and reaches forwards to the middle line, where it is 
continuous with the corresponding part from the opposite side of the neck. 
In the middle line of the neck it is fixed to the symphysis menti and the body 
of the hyoid bone. 

Above, the fascia is attached to the superior nuchal line of the occipital bone, 
to the mastoid process of the temporal bone, and to the whole length of the 
inferior border of the body of the mandible. Opposite the angle of the mandible 
it is very strong, and binds the anterior edge of the Sternocleidomastoideus 
firmly to that bone. Between the mandible and the mastoid process it 
ensheathes the parotid gland — -the layer which covers the gland extends upwards 
under the name of the parotideomasseteric fascia and is fixed to the zygomatic 
arch. From the part which passes under the parotid gland a strong band 
ascends to the styloid process, forming the stylomandibular ligament (p. 356). 
Two other bands may be defined : the sphenomandibular (p. 356) and the 
pterygospinous ligaments. The pterygospinous ligament stretches from the 
upper part of the posterior border of the lateral pterygoid lamina to the spinous 
process of the sphenoidal bone. It occasionally ossifies, and wh r n this occurs 
a foramen is formed between it and the base of the skull, and transmits the 
branches of the mandibular nerve to the muscles of mastication. 

Below, the fascia is attached to the acromion, the clavicle, and the manu- 
brium sterni. Some little distance above the last, it splits into a superficial and 
a deep layer. The former is attached to the anterior border of the manubrium, 
the latter to its posterior border and to the interclavicular ligament. Between) 
these two layers is a slit -like interval, the suprasternal space , or space of Burns ; ( 
it contains a small quantity of areolar tissue, the low T er portions of the anterior" 
jugular veins and their transverse connecting branch, the sternal heads of 
the Sternocleidomastoidei, and sometimes a lymph-gland. 

From the fascia lining the deep surface of the Sternocleidomastoideus four 
processes pass off. (1) One envelops the tendon of the Omohyoideus, and 
binds it down to the sternum and first costal cartilage. (2) The carotid sheath 
encloses the carotid artery, internal jugular vein, and vagus nerve. (3) The 
prevertebral fascia extends medial wards behind the carotid vessels, where 
it assists in forming their sheath, and passes in front of the prevertebral muscles. 
It forms the posterior wall of a fibrous compartment which contains the larynx 
and trachea, the thyreoid gland, and the pharynx and oesophagus. The 
prevertebral fascia is fixed above to the base of the skull, and below is con- 
tinued into the thorax in front of the Longus colli muscles. Earafiel tp the 
carotid sheath and along its medial aspect the prevertebral fascia gives off a 
thin lamina, the buccopharyngeal fascia , which closely invests the Constrictor 
muscles of the pharynx, and is continued forward from the Constrictor pharyngis 
superior on to the Buccinator. It is attached to the prevertebral layer by 
loose connective tissue only, and thus an easily distended space, the retropharyn- 
geal space , is found between them. This space is limited above by the base of 
the skull ; below it extends behind the oesophagus into the posterior mediastinal 
cavity of the thorax. The prevertebral fascia is prolonged downwards and 
lateral wards behind the carotid vessels and in front of the Scaleni, and forms 
a sheath for the brachial nerves and subclavian vessels in the posterior triangle 
of the neck ; it is continued under the clavicle as the axillary sheath and is 
attached to the deep surface of the coracoclavicular fascia. Immediately 
above and behind the clavicle an areolar space exists between the investing 
layer and the sheath of the subclavian vessels, and in this space are found the 
lower part of the external jugular vein, the supraclavicular nerves, the 
transverse scapular and transverse cervical vessels, and the inferior belly of 
the Omohyoideus muscle. This space is limited below by the fusion of the 
coracoclavicular fascia with the anterior wall of the axillary sheath. (4) The 
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pretracheal fascia extends medialwards in front of the carotid vessels, and assists 
in forming the carotid sheath. It is continued behind the infrahyoid muscles, 
and, after enveloping the thyreoid gland, is prolonged in front of the trachea 
to meet the corresponding layer of the opposite side. Above, it is fixed to 
the hyoid hone ; below, it is carried downwards in front of the trachea and 
large vessels at the root of the neck, and ultimately blends with the fibrous 
pericardium. This layer is fused on either side with the prevertebral fascia, 
and with it completes the compartment containing the larynx and trachea, 
the thyreoid -gland, and the pharynx and oesophagus.* 

Applied Anatomy. The fascia^ colli (deep cervical fascia) is of considerable impor- 
tance from a surgical point of view. The investing layer opposes the extension of 
abscesses towards the surface, and pus -forming beneath it has a tendency to extend 
later alwards. If the pus be contained in the anterior triangle, it may find its way into 
the anterior mediastinal cavity, in front of the pretracheal layer of fascia; but owing to 
the thinness of the fascia in this situation it more frequently finds its way to the surface 
and points above the sternum. Pus forming under cover of the pretracheal layer would 
in all probability find its way into the posterior mediastinal cavity. Pus forming behind 
the prevertebral layer, in eases, for instance, of caries of the bodies of the cervical 
vertebrse, may extend towards the lateral part of the neck and point in the posterior 
triangle, or may perforate this layer of fascia and the buccopharyngeal fascia and point 
into the pharynx (retropharyngeal abscess). 

In cases of cut throat, when the wound involves only the investing layer the injury 
is usually trivial, the special danger being injury to the externa! jcgiJlar vein, and the 
special complication, diffuse cellulitis. But where the second of the two layers is opened 
up, important structures may be injured, and serious results follow. 

The sternal head of origin of the Stemocleidomastoideus is contained in the supra- 
sternal space, so that this space is opened in division of this tendon. The lower part of 
the anterior jugular vein is also contained in the same space. 


I. The Superficial and Lateral Cervical Muscles 
Platysma. Trapezius. Stemocleidomastoideus. 

The Platysma (fig. 534) is a broad sheet arising from the fascia covering the 
upper parts of the Pect oralis major and Deltoideus ; its fibres cross the clavicle, 
and proceed obliquely upwards and medialwards along the side of the neck. 
The anterior fibres interlace, below and behind the symphysis menti, with the 
fibres of the muscle of the opposite side ; the posterior fibres cross the mandible, 
some being inserted into the bone below the oblique line, others into the skin 
and subcutaneous tissue of the lower part of the face, many of these fibres 
blending with the muscles about the angle and lower part of the mouth. Some- 
times fibres can be traced to the Zygomaticus, or to the margin of the Orbicularis 
oculi. Beneath the Platysma, the external jugular vein descends from the 
angle of the mandible to the middle of the clavicle. 

Nerve-supply. — The Platysma is supplied by the cervical branch of the facial 
nerve. 

Actions. — When the entire Platysma is in action it produces a wrinkling of the 
surface of the skin of the neck in an oblique direction, and tends to diminish 
the concavity between the jaw and the side of the neck. Its anterior portion, the 
thickest part of the muscle, may assist in depressing the mandible ; it also serves 
to draw down the lower lip and angle of the mouth in the expression of horror 
or surprise. 

The Trapezius is described on p. 493. 

The Stemocleidomastoideus (fig. 542) passes obliquely across the side of 
the neck. It is thick and narrow at its central part, but broader and thinner 
at either end. It arises by two heads. The medial or sternal head is a rounded 
tendinous fasciculus, which arises from the upper part of the anterior surface 
of the manubrium sterni, and is directed upwards, lateralwards, and backwards. 
The lateral or clavicular head , composed of fleshy and aponeurotic fibres, arises 
from the superior border and anterior surface of the medial one-third of the 

*F. G. Parsons {Journal of Anatomy and Physiology , vol. xliv.) regards the carotid sheath 
and the fascial planes in the neck as structures which are artificially produced by dissection. 

■ ft.A. r 
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clavicle, and is directed almost vertically upwards. The two heads are separated 
from one another at their origins by a triangular interval, but gradually blend 
below the middle of the neck, into a thick, rounded belly. The muscle is 
inserted by a strong tendon into the lateral surface of the mastoid process 
from its apex to its superior border, and by a thin aponeurosis into the lateral 
half of the superior nuchal line of the occipital bone. 

The Sternocleidomastoideus varies much in its extent of origin from the 
clavicle : in some cases the clavicular may be as narrow as the sternal head ; in 
others, as much as 7*5 cm. in breadth. When the clavicular origin is broad, 
it is occasionally subdivided into several slips. More rarely, the adjoining 
margins of the Sternocleidomastoideus and Trapezius are in contact. 


Fig. 542. — The muscles of the neck. Left lateral aspect. 



This muscle divides' the quadrilateral area of the side of the neck into two 
triangles, an anterior and a posterior. The boundaries of the anterior triangle are, 
in front, the median line of the neck ; above, the lower border of the body of the 
mandible, and a line continuing this from the angle of the mandible to the Sterno- 
cleidomastoideus ; behind, the anterior border of the Sternocleidomastoideus. 
The apex of the triangle is at the upper border of the sternum. The boundaries of 
the posterior triangle are, in front, the posterior border of the Sternocleidomas- 
toideus ; below, the middle one-third of the clavicle ; behind, the anterior margin of 
the Trapezius. The apex corresponds with the meeting of the Sternocleidomas- 
toideus and Trapezius on the occipital bone. 

Relations, —Superficial to the muscle are the integument and Platysma; it is separated 
from the Platysma by the external jugular vein, the great auricular and cervical cutaneous- 
nerves, and the investing layer of the deep cervical fascia. The deep surface is in rela- 
tion with the sternoclavicular articulation, the process of the deep cervical fascia which 
binds the inferior belly of the Omohyoideus to the sternum and clavicle, the Sterno- 
hyoideus, Sternothyreoideus, Omohyoideus, posterior belly of the Digastricus, Levator- 
scapulae, Splenius and Scaleni muscles, the common carotid artery, the internal and 



THE SUPRA- AND INFRA-HYOID MUSCLES 


451 


anterior jugular veins, the origins of the internal and external carotid arteries, the 
occipital, subclavian, transverse cervical, and transverse scapular arteries and veins, 
the phrenic, vagus, hypoglossal, descendens and communicantes hypoglossi nerves, the 
accessory nerve which pierces its upper third, the cervical plexus, the upper part of the 
brachial plexus, parts of the thyreoid and parotid glands and their vessels, and the deep 
cervical lymph-glands. 

Nerve-supply. — The Sternocleidomastoideus is supplied by the accessory nerve, 
which traverses it, and by branches from the anterior divisions of the second and 
third cervical nerves. 

Actions. — When one Sternocleidomastoideus acts, it draws the head towards 
the shoulder of the same side ; it also rotates the head so as to carry the face towards 
the opposite side. Acting together from their sternoclavicular attachments the 
two muscles will flex the cervical part of the vertebral column ; if the head be fixed 
they will assist in elevating the thorax in forced inspiration. 

Applied Anatomy . — The deformity lmown as wry -neck is due to a contracted condi- 
tion of the Sternocleidomastoideus. ' It may be temporary, as the result of direct 
irritation of the muscle or of the nerves supplying it. It may, however, he permanent, 
and is then most often due to injury to the muscle during birth, rupture of the fibres and 
subsequent cicatricial contraction taking place. In these cases, division of the muscle is 
often necessary to effect a cure, and this may be done either subcutaneously or through 
an open wound. The open method is, however, much to be preferred, as being the more 
effectual and the less dangerous, if precautions are taken to keep the wound aseptic. 
The tendons of origin are freely exposed by a horizontal incision across the root of the 
neck and carefully divided ; any tense bands of fascia which exist should also be divided. 
The wound is now sutured and dressed, and the head fixed in as straight a position as 
possible. 

There is also a condition coming on in adult life (spasmodic torticollis), which is a 
very distressing form of functional nervous disease. It begins with tonic or clonic spasm 
of one Sternocleidomastoideus, which is soon followed by spasm of the Trapezius, 
particularly its clavicular portion. The Splenius of the opposite side, the Scaleni, 
Semispinales capitis, and Longissimi capitis may all become involved in turn, with 
secondary contracture of the fascia colli. Operation in these cases often fails to give 
satisfactory results. Tenotomy of the affected muscles or section of the nerves supplying 
them may afford temporary relief, but the spasm often returns when the cut nerves or 
muscles rejoin. 


II. The Supra.- and Inera-hyoid Muscles (figs. 542, 543) 

The suprahyoid muscles are : 

Digastricus. Mylohyoideus. 

Stylohyoideus. Geniohyoideus. 

The Digastricus consists of two fleshy bellies united by an intermediate 
rounded tendon. It lies below the body of the mandible, and extends, in a 
curved form, from the mastoid process to the chin. The posterior belly, longer 
than the anterior, arises from the mastoid notch (digastric fossa) of the temporal 
hone and passes downwards and forwards. The anterior belly arises from a 
depression on the inner side of the lower border of the body of the mandible 
close to the middle line, and passes downwards and backwards. The two bellies 
end in an intermediate tendon which perforates the Stylohyoideus muscle, and 
is held in connexion with the side of the body and the greater cornu of the 
hyoid bone by a fibrous loop, which is sometimes lined by a mucous sheath. 
An aponeurotic layer is given off from the tendon of the Digastricus on either 
side of the neck, to be attached to the body and greater cornu of the hyoid 
hone ; this is termed the suprahyoid aponeurosis . 

Relations.-~Its superficial surface is in relation with the Platysma, Sternocleido- 
mastoideus, part of the Splenius, Longissimus capitis, mastoid process, Stylohyoideus, 
and the parotid gland. The deep surface of die anterior belly lies on the Mylohyoideus; 
that of the posterior befiy on the Styloglossus, Stylopharyngeus, and Hyoglossus, the 
external carotid artery and its occipital, -lingual, external maxillary, and ascending 
pharyngeal branches, the internal carotid artery, internal jugular vein, and hypoglossal 
nerve. 
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Nerve-supply. — The anterior belly of the Digastricus is supplied by the mylohyoid 
branch of the inferior alveolar nerve ; the posterior belly by the facial nerve. 

Actions. — When the anterior belly of the Digastricus takes its fixed point below 
it depresses the front of the mandible. If both bellies are in action from above, they 
elevate the hyoid bone, the anterior belly tending to draw it upwards and forwards 
the posterior upwards and backwards. 

The Digastricus divides the upper part of the anterior triangle of the neck into 
three triangles : (1) the submaxillary triangle , bounded above by the lower border 
of the mandible and a line prolonging this from the angle of the mandible to the 
Sternocleidomastoideus, below by the posterior belly of the Digastricus and the 
Stylohyoideus, in front by the anterior belly of the Digastricus ; (2) the carotid 


Fig. 543. — The muscles of the neck. Anterior aspect. 



triangle, bounded above by the posterior belly of the Digastricus and Stylohyoideus, 
behind by the Sternocleidomastoideus, below by the Omohyoideus ; (3) the 

suprahyoid or submental triangle , bounded on either side by the anterior belly of 
the Digastricus, and inferiorly by the body of the hyoid bone. 

The Stylohyoideus is a slender muscle, lying in front of, and above, the 
posterior belly of the Digastricus. It arises from the posterior and lateral 
surfaces of the styloid process, near the base ; and, passing downwards and 
forwards, is inserted into the body of the hyoid bone, at its junction with the 
greater cornu, and just above the Omohyoideus. It is perforated, near its 
insertion, by the tendon of the Digastricus. 

Nerve-supply. — The Stylohyoideus is supplied by the facial nerve. 

Action. — The Stylohyoideus draws the hyoid bone upwards and backwards. 

The stylohyoid ligament . — In connexion with the Stylohyoideus muscle a liga- 
mentous band, the stylohyoid ligament , may be described. It is a fibrous cord, 
which is attached to the tip of the styloid process of the temporal bone and to 
the lesser cornu of the hyoid bone. It frequently contains a little cartilage in its 
centre, is often partially ossified, and in many animals forms a distinct bone, the 
epihyal. vYr 
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The Mylohyoideus, flat and triangular, is situated immediately above the 
anterior belly of the Digastricus, and forms, with its fellow of the opposite side, 
a muscular floor for the cavity of the mouth. It arises from the whole length 
of the mylohyoid line of the mandible. The posterior fibres pass medial wards 
and slightly downwards, to be inserted into the front of the body of the hyoid 
bone near its lower border. The middle and anterior fibres are inserted into 
a median fibrous raphe extending from the mandibular symphysis to the hyoid 
bone, where they join at an angle with the fibres of the opposite muscle. 
This median raphe is sometimes wanting ; the fibres of the two muscles are 
then continuous. 

Relations. — Its superficial or inferior surface is in relation with the Platysma, the 
anterior belly of the Digastricus, the suprahyoid aponeurosis, the superficial part of the 
submaxillary gland, the external maxillary and submental vessels, and the mylohyoid 
vessels and nerve. Its deep or superior surface is in relation with the Geniohyoideus, 
part of the Hyoglossus, and the Styloglossus, the hypoglossal and lingual nerves, the 
submaxillary ganglion, the sublingual gland, the deep portion of the submaxillary gland 
and the submaxillary duct, the lingual and sublingual vessels, and the buccal mucous 
membrane. 

Nerve-supply. — The Mylohyoideus is supplied by the mylohyoid branch of the 
inferior alveolar nerve. 

Actions. — Acting from below the Mylohyoideus depresses the front of the 
mandible ; acting from above it raises the hyoid hone and the floor of the mouth. 

The Geniohyoideus is a narrow muscle, situated above the medial part 
of the Mylohyoideus. It arises from the inferior mental spine on the back of 
the symphysis menti, and runs backwards and slightly downwards, to be 
inserted into the anterior surface of the body of the hyoid bone ; it is in contact 
with its fellow of the opposite side. 

Nerve-supply. — The Geniohyoideus is supplied by the first cervical nerve through 
the hypoglossal nerve. 

Actions. — When the Geniohyoideus acts from the hyoid bone, it depresses the 
front of the mandible ; when it acts from the mandible it raises and pulls forwards 
the hyoid bone. 

The infrahyoid muscles are : 

Sternohyoideus. Thyreohyoideus. 

St ernothyreoideus . Omohy oideus . 

The Sternohyoideus, a thin, narrow muscle, arises from the posterior 
surface of the medial end of the clavicle, the capsule of the sternoclavicular 
joint, and the upper and posterior part of the manubrium sterni. Passing 
upwards and medialwards, it is inserted into the lower border of the body of 
the hyoid bone. It sometimes presents, immediately above its origin, a 
transverse tendinous inscription. Below, the Sternohyoideus is separated 
from its fellow by a considerable interval ; but the two muscles come into 
contact with one another in the middle of their course, and, from this upwards, 
are contiguous. 

Nerve-supply. — The Sternohyoideus is supplied by branches from the loop 
(ansa hypoglossi) between the descendens hypoglossi and the communicantes 
cervicales. 

Action. — The Sternohyoideus depresses the hyoid bone. 

The Sternothyreoideus is shorter and wider than the Sternohyoideus, 
and lies under cover of it. It arises from the posterior surface of the manu- 
brium sterni, below the origin of the Sternohyoideus, and from the edge of 
the cartilage of the first, and sometimes that of the second, rib ; it is inserted 
into the oblique line on the lamina of the thyreoid cartilage. This muscle is 
in close contact with its fellow at the lower part of the neck, but diverges 
somewhat as it ascends ; it is occasionally traversed by a transverse or oblique 
tendinous inscription. 

Nerve-supply. — The Sternothyreoideus is supplied by branches from the ansa 
hypoglossi. 

Action. — The Sternothyreoideus draws the larynx down. 

The Thyreohyoideus, a small, quadrilateral muscle, may be looked upon 
as an upward continuation of the Sternothyreoideus. It arises from the 
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oblique line on the lamina of the thyreoid cartilage, and is inserted into the 
lower border of the greater cornu of the hyoid bone. 

Nerve-supply. — The Thyreohyoideus is supplied by a branch from the hypoglossal 
nerve. 

Actions. — The Thyreohyoideus depresses the hyoid bone, or raises the larynx. 

The Omohyoideus consists of two fleshy bellies united by a central tendon. 
It arises from the upper border of the scapula, and occasionally from the 
superior transverse ligament which crosses the scapular notch, its extent of 
attachment to the scapula varying from a few millimetres to 2*5 cm. From 
this origin, the inferior belly forms a flat, narrow fasciculus, which inclines 
forwards and slightly upwards across the lower part of the neck, being bound 
to the clavicle by a fibrous expansion ; it then passes behind the Sternocleido- 
mastoideus, becomes tendinous and changes its direction, forming an obtuse 
angle. It ends in the superior belly , which passes almost vertically upwards 
close to the lateral border of the Sternohyoideus, and is inserted into the lower 
border of the body of the hyoid bone, lateral to the insertion of the Sterno- 
hyoideus. The central tendon of this muscle varies in length and form, and 
is held in position by a process of the fascia colli, which ensheathes it and 
is prolonged down to be attached to the clavicle and first rib ; it is by this 
means that the angular form of the muscle is maintained. 

Nerve-supply. — The superior belly of the Omohyoideus is supplied by the 
descendens hypoglossi ; the inferior belly by a branch from the ansa hypoglossi. 

Actions. — The Omohyoideus depresses the hyoid bone and carries it backwards 
and lateralwards. The Omohyoidei are concerned also in prolonged inspiratory 
efforts ; by rendering tense the lower part of the fascia colli they lessen the inward 
suction of the soft parts, which would otherwise compress the great vessels and the 
apices of the lungs. 

The inferior belly of the Omohyoideus divides the posterior triangle of the neck 
into an upper or occipital and a lower or subclavian triangle, while its superior belly 
divides the anterior triangle into an upper or carotid and a lower or muscular 
triangle. 


III. The Anterior Vertebral Muscles (fig. 544) 

Longus colli. Rectus capitis anterior. 

Longus capitis. Rectus capitis lateralis. 

The Longus colli is situated on the anterior surface of the vertebral column, 
between the atlas and the third thoracic vertebra. It is divisible into three 
portions, a superior oblique, an inferior oblique, and a vertical ; its origin 
and insertion consist of tendinous slips. The superior oblique portion arises 
from the anterior tubercles of the transverse processes of the third, fourth, 
and fifth cervical vertebrae ; it is directed upwards and medial wards, and 
is inserted by a narrow tendon into the tubercle on the anterior arch of the 
atlas. The inferior oblique portion , the smallest part of the muscle, arises 
from the front of the bodies of the first two or three thoracic vertebrae ; it runs 
upwards and lateralwards, and is inserted into the anterior tubercles of the 
transverse processes of the fifth and sixth cervical vertebrae. The vertical 
portion arises from the front of the bodies of the upper three thoracic and 
lower three cervical vertebrae, and is inserted into the front of the bodies of 
the second, third, and fourth cervical vertebrae. 

Nerve-supply. — The Longus colli is supplied by branches from the anterior 
divisions of the second, third and fourth cervical nerves. 

Actions. — The Longus colli bends the cervical portion of the vertebral column 
forwards and lateralwards, and slightly rotates it. 

The Longus capitis (Rectus capitis anticus- major), broad and thick above, 
narrow below, arises by tendinous slips, from the anterior tubercles of the 
transverse processes of the third, fourth, fifth, and sixth cervical vertebrae, 
•and is inserted into the inferior surface of the basilar part of the occipital 
bone. 

Nerve-supply. — The Longus capitis is supplied by branches from the anterior 
divisions of the first, second and third cervical nerves. 

Action. — The Longus capitis flexes the head. 
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The Rectus capitis anterior (Rectus capitis anticus minor) is a short, 
hat muscle, situated behind the upper part of the Longus capitis. It arises 
from the anterior surface of the lateral mass of the atlas, and from the root 
of its transverse process, and is inserted into the inferior surface of the basilar 
part of the occipital bone in front of the occipital condyle. 

Nerve-supply. — The Rectus capitis anterior is supplied by branches from the 
loop between the anterior divisions of the first and second cervical nerves. 

Action. — The Rectus capitis anterior hexes the head. 


Pig. 544. — The anterior and lateral vertebral muscles. 



The Rectus capitis lateralis, a short, flat muscle, arises from the upper 
surface of the transverse process of the atlas, and is inserted into the under 
surface of the jugular process of the occipital bone. 

Nerve-supply. — The Rectus capitis lateralis is supplied by branches from the 
loop between the anterior divisions of the first and second cervical nerves. 

Action. — -The Rectus capitis lateralis bends the head lateralwards. 


IV. The Lateral Vertebral Muscles (fig. 544) 

Scalenus anterior. Scalenus medius. 

Scalenus posterior. 

The Scalenus anterior lies deeply at the side of the neck, behind the 
Stemocleidomastoideus. It arises from the anterior tubercles of the transverse 
processes of the third, fourth, fifth, and sixth cervical vertebra, and descending, 
almost vertically, is inserted by a narrow, flat tendon into the scalene tubercle 
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on the inner border of the first rib, and into the ridge on the upper surface 
of the rib in front of the subclavian groove. 

Relations. — In front of it are the clavicle, the Subclavius, Sternocleidomastoideus, 
and Omohyoideus muscles, the transverse cervical, transverse scapular and ascending 
cervical arteries, the subclavian vein, and the phrenic nerve. Its posterior surface is in 
relation with the nerves forming the brachial plexus, the subclavian artery, and the pleura, 
which separate it from the Scalenus medius. Below, it is separated from the Longus 
colli by the vertebral artery, and above, from the Longus capitis by the ascending 
cervical branch of the inferior thyreoid artery. 

Nerve-supply. — The Scalenus anterior is supplied by branches from the anterior 
divisions of the fourth, fifth and sixth cervical nerves. 

Actions. — -Acting from below the Scalenus anterior bends the cervical portion 
of the vertebral column forwards and lateralwards and rotates it towards the opposite 
side. When the muscle acts from above it assists in elevating the thorax. 

The Scalenus medius, the largest and longest of the three Scaleni, arises 
from the posterior tubercles of the transverse processes of the lower six cervical 
vertebrae, and descending along the side of the vertebral column, is inserted 
by a broad attachment into the upper surface of the first rib, between the 
tubercle of the rib and the subclavian groove. 

Relations.— Its anterior surface is in relation with the Sternocleidomastoideus ; it is 
crossed by the clavicle and the Omohyoideus; the subclavian artery and the cervical 
nerves separate it from the Scalenus anterior. hcitcral to it are the Levator scapula© and 
the Scalenus posterior. The long thoracic nerve is formed in the substance of the muscle 
and emerges from it; the dorsal scapular nerve pierces it. 

Nerve-supply. — The Scalenus medius is supplied by branches from the anterior 
divisions of the cervical nerves. 

Actions. — The Scalenus medius, acting from below, bends the cervical part of 
the vertebral column lateralwards ; acting from above it helps to raise the thorax. 

The Scalenus posterior, the smallest and most deeply seated of the three 
Scaleni, arises from the posterior tubercles of the transverse processes of the 
lower two or three cervical vertebrae, and is inserted by a thin tendon into 
the outer surface of the second rib, behind the attachment of the Serratus 
anterior. It is occasionally blended with the Scalenus medius. 

Nerve-supply.— The Scalenus posterior is supplied by branches from the anterior 
divisions of the lower three cervical nerves. 

Actions. — The Scalenus posterior bends the lower end of the cervical part of the 
vertebral column lateralwards, when the second rib is fixed ; if its upper attachment 
be fixed it helps to elevate the thorax. 


THE FASCIAE AND MUSCLES OF THE TRUNK 


The muscles of the trunk may be arranged in six groups : 


I. Deep muscles of the back. 

II. Suboccipital muscles. 

III. Muscles of the thorax. 


IV. Muscles of the abdomen. 

V. Muscles of the pelvis. 

VI. Muscles of the perinaeum. 


I. The Deep Muscles oe the Back (fig*. 546) 

The deep or intrinsic muscles of the back consist of a complex group of 
muscles extending from the pelvis to the skull. They are : 

gplenius capitis. Multifidus. 

Splenius cervicis. Rotatores. 

Sacrospinalis. Interspinales. 

Semispinalis. Intertransversarii. 
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The lumbodorsal fascia covers the deep muscles of the back of the trunk. 
Above, it passes in front of the Serratus posterior superior and is continuous 
with the nuchal fascia, a similar investing layer on the back of the neck. 

In the thoracic region the lumbodorsal fascia is a thin fibrous lamina covering 
the extensor muscles of the vertebral column and separating them from the 
muscles connecting the vertebral column to the upper extremity. It contains 
both longitudinal and transverse fibres, and is attached, medially, to the spinous 
processes of the thoracic vertebrae ; laterally, to the angles of the ribs. 

In the lumbar region the lumbodorsal fascia (lumbar aponeurosis) is in two 
layers, anterior and posterior (fig. 545). The posterior layer is attached to the 
spinous processes of the lumbar and sacral vertebrae and to the supraspinal 
ligament ; the anterior is attached, medially, to the tips of the transverse 
processes of the lumbar vertebrae, and to the intertransverse ligaments, below, 
to the iliolumbar ligament, and above, to the lumbocostal ligament (p. 369). 
The two layers unite at the lateral margin of the Sacrospinalis, to form the 
tendon of origin of the Trans versus abdominis. 


Fig. 545. — A transverse section through the posterior abdominal wall, to show 
the disposition of the lumbodorsal fascia. Diagrammatic. 

Obliquus ext emus 
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The Splenius capitis (fig* 568) arises from the lower half of the ligamentum 
nuchae, from the spinous process of the seventh cervical vertebra, and from 
the spinous processes of the upper three or four thoracic vertebrae. The fibres 
of the muscle are directed upwards and lateral-wards and are inserted, under 
cover of the Sternocleidomastoideus, into the mastoid process of the temporal 
bone, and into the rough surface on the occipital bone just below the lateral 
third of the superior nuchal line. 

Nerve-supply. — The Splenius capitis is supplied by lateral branches of the 
posterior divisions of the middle cervical nerves. 

Actions. — The Splenius capitis acts in conjunction with the Splenius cervicis. 

The Splenius cervicis (fig. 568) arises from the spinous processes of the 
third to the sixth thoracic vertebrae ; it is inserted into the posterior tubercles 
of the transverse processes of the upper two or three cervical vertebrae. 

Nerve-supply. — The Splenius cervicis is supplied by lateral branches of the 
posterior divisions of the lower cervical nerves. 

Actions. — The Splenii of the two sides, acting together, draw the head directly 
backwards ; acting separately, they draw the head to one side, and slightly rotate 
it, turning the face to the same side. 

The Sacrospinalis (Erector spinae) (fig. 546), and its prolongations in the 
thoracic and cervical regions, lie in the groove on the side of the vertebral 
column. They are covered in the lumbar and thoracic regions by the lumbo- 
dorsal fascia, and in the cervical region by the nuchal fascia. They form 
a large muscular and tendinous mass -which varies in size and structure at 
different parts of the vertebral column. In the sacral region it is narrow 
and pointed, and at its origin chiefly tendinous in structure. In the lumbar 
region it is larger, and forms a thick fleshy mass which, on being followed 
upwards, is subdivided into three columns ; these gradually diminish in size 
as they ascend to be inserted into the vertebrae and ribs. 

The Sacrospinalis arises from the anterior surface of a broad and thick 
tendon, which is attached to the middle sacral crest, to the spinous processes 

. G.A. , ■ P2 ■ 
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of the lumbar and the eleventh and twelfth thoracic vertebrae, to the supra- 
spinal ligament, to the posterior part of the inner lip of the iliac crest and 
to the lateral crest of the sacrum, where it blends with the sacrotuberous and 
posterior sacro-iliac ligaments ; some of its fibres are continuous with the 
fibres of origin of the Glutaeus maximus. The muscular fibres form a large 
fleshy mass which splits in the upper lumbar region into three columns, viz. a. 
lateral, the Iliocostalis , an intermediate, the Longissimus , and a medial, the 
Spinalis. Each of these consists, from below upwards, of three parts as 
follows : 

Lateral Column. Intermediate Column. Medial Column. 

Iliocostalis. Longissimus. Spinalis. 

(а) I. lumborum. (a) L. dorsi. (a) S. dorsi. 

(б) I. dorsi. (6) L. cervicis. (b) S. cervicis. 

(c) I. cervicis. (c) L. capitis. (c) S. capitis. 

The Iliocostalis lumborum is inserted, by flattened tendons, into the 
inferior borders of the angles of the lower six or seven ribs. 

The Iliocostalis dorsi (Musculus accessorius) arises from the upper borders 
of the angles of the lower six ribs medial to the tendons of insertion of the 
Iliocostalis lumborum ; it is inserted into the upper borders of the angles of 
the upper six ribs and into the back of the transverse process of the seventh 
cervical vertebra. 

The Iliocostalis cervicis (Cervicalis ascendens) arises from the angles of 
the third, fourth, fifth, and sixth ribs, and is inserted into the posterior 
tubercles of the transverse processes of the fourth, fifth, and sixth cervical 
vertebrae. 

Nerve-supply. — The Iliocostales are supplied by the posterior divisions of the 
lower cervical, thoracic, and upper lumbar nerves. 

Actions. — The Iliocostales are extensors of the vertebral column ; they also 
bend it to one side. The slips attached to the ribs act as depressors of the 
thorax. 

The Longissimus dorsi is the intermediate and largest of the continua- 
tions of the Sacrospinalis. In the lumbar region, where it is as yet blended 
with the Iliocostalis lumborum, some of its fibres are attached to the whole 
length of the posterior surfaces of the transverse processes and the accessory 
processes of the lumbar vertebrae, and to the anterior layer of the lumbodorsal 
fascia. In the thoracic region it is inserted, by rounded tendons, into the tips 
of the transverse processes of all the thoracic vertebrae, and by fleshy processes 
into the lower nine or ten ribs between their tubercles and angles. 

The Longissimus cervicis (Transversalis cervicis), situated medial to the 
Longissimus dorsi, arises by long thin tendons from the summits of the trans- 
verse processes of the upper four or five thoracic vertebrae, and is inserted 
by similar tendons into the posterior tubercles of the transverse processes of 
the cervical vertebrae from the second to the sixth inclusive. 

The Longissimus capitis (Trachelomastoideus)lies between the Longissimus 
cervicis and the Semispinalis capitis. It arises by tendons from the transverse 
processes of the upper four or five thoracic vertebrae, and the articular processes 
of the lower three or four cervical vertebrae, and is inserted into the posterior 
margin of the mastoid process, beneath the Splenius capitis and Sternocleido- 
mastoideus. It is usually crossed by a tendinous inscription near its insertion. 

Nerve-supply. — The Longissimi are supplied by the posterior divisions of the 
lower cervical, thoracic, and lumbar nerves. 

Actions. — The Longissimi dorsi et cervicis bend the vertebral column backwards 
and lateralwards ; the Longissimus capitis extends the head, and turns the face 
towards the same side. 

The Spinalis dorsi, the medial continuation of the Sacrospinalis, is scarcely 
separable as a distinct muscle. It is situated at the medial side of the Longis- 
simus dorsi, and is intimately blended with it ; it arises by three or four tendons 
from the spinous processes of 'the eleventh and twelfth thoracic, and first 
and second lumbar, vertebrae : these, uniting, form a small muscle which is 
inserted by separate tendons into the spinous processes of the upper thoracic 
vertebrae, the number varying from four to eight. It is intimately united with 
the Semispinalis dorsi situated beneath it. 
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present flat, oval facets covered with cartilage, and the bones are connected by 
an articular capsule and by anterior and posterior ligaments. 

The articular capsule is attached to the margins of the articular facets on 
the tibia and fibula; it is much thicker in front than behind. Occasionally 
the synovial stratum of the capsule is continuous with that of the knee-joint. 

.. . j The anterior, ligament of the head of the fibula consists of two or three 
flat bands, which pass obliquely upwards from the front of the head of the 
fibula to the front of the lateral condyle of the tibia. 

The posterior ligament of the head of the fibula is a thick band, which 
passes Obliquely upwards from the back of the head of the fibula to the back 
of the lateral condyle of the tibia. It is covered by the tendon of the Popliteus. 

2. The Crural Interosseous Membrane 

The crural interosseous membrane connects the interosseous crests of 
the tibia and fibula, and separates the muscles on the front from those on 
the back of the leg. It consists of oblique fibres, which for the most part run 
dowmwards and lateralwards ; a few, however, pass downwards and medial wards. 
The anterior tibial vessels pass between it and the fibula, about 1 cm. from its 
upper attachment ; in its lower part is an opening for the passage of the per- 
forating branch of the peronaeal artery. It is continuous below with the 
interosseous ligament of the tibiofibular syndesmosis, and presents numerous 
perforations for the passage of small vessels. It is in relation, in front, with 
the Tibialis anterior, Extensor digitorum longus, Extensor hallucis longus, 
Peronseus tertius, and the anterior tibial vessels and deep peronseal nerve ; 
behind, with the Tibialis posterior and Flexor hallucis longus. 

3. The Distal Tibiofibular Articulation (Tibiofibular Syndesmosis) 

This syndesmosis is formed by the rough, convex surface on the medial side of 
the lower end of the fibula, and a rough concave surface, the fibular notch, on the 
lateral side of the tibia. Below% to the extent of about 4 mm., these surfaces 
are smooth, and covered with cartilage continuous with that of the ankle-joint. 
The ligaments are : anterior, posterior, inferior transverse, and interosseous. 

The anterior ligament of the lateral malleolus (fig. 527) is a triangular 
band, broader below than above, w’hich extends obliquely downwards and 
lateralwards between the adjacent margins of the tibia and fibula, on the front 
of the syndesmosis. 

The posterior ligament of the lateral malleolus (fig. 525), smaller than 
the preceding, is disposed in a similar manner on the posterior surface of the 
syndesmosis. Its deep portion forms the inferior transverse ligament, a 
strong, thick band of yellowish fibres which passes transversely across the back 
of the joint, from the lateral malleolus to the posterior border of the articular 
surface of the tibia, almost as far as its malleolar process. The inferior trans- 
verse ligament projects below the margins of the bones, and forms part of the 
articulating surface for the talus. 

The interosseous ligament is continuous, above, with the crural inter- 
osseous membrane and consists of numerous short, strong bands, which pass 
between the adjacent rough surfaces of the tibia and fibula, and constitute the 
chief bond of union between the bones. 

The synovial stratum associated with the small arthrodial part of this 
joint is continuous with that of the ankle-joint. 


VI. THE TALOCRURAL ARTICULATION OR ANKLE-JOINT 

The ankle-joint is a ginglymus, or hinge-joint. Entering into its formation 
are the lower end of the tibia and its malleolus, the malleolus of the fibula, 
and the inferior transverse tibiofibular ligament, which together form a mortise 
for the reception of the trochlea of the talus. The bones are connected by the 
following ligaments : 

The articular capsule. Anterior and posterior talofibular. 

Deltoid. Calcaneofibular. 
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The Spinalis cervicis is an inconstant muscle, which arises from the lower 
part of the ligamentum nuchee, the spinous process of the seventh cervical, and 
sometimes from the spinous processes of the first and second thoracic vertebrae, 
and is inserted into the spinous process of the epistropheus, and occasionally 
into the spinous processes of the two vertebrse below it. 

The Spinalis capitis is usually inseparably connected with the Semi- 
spinalis capitis. 

Nerve-supply. — The Spinales are supplied by the posterior divisions of the lower 
cervical and thoracic nerves. 

Actions. — The Spinales extend the vertebral column. 

The Semispinalis dorsi consists of thin, fleshy fasciculi, interposed between 
tendons of considerable length. It arises by a series of tendons from the 
transverse processes of the thoracic vertebrse from the sixth to the tenth inclu- 
sive, and is inserted, by tendons, into the spinous processes of the upper four 
thoracic and lower two cervical vertebrse. 

The Semispinalis cervicis, thicker than the preceding, arises by a series 
of tendinous and fleshy fibres from the transverse processes of the upper five or 
six thoracic vertebrse, and is inserted into the cervical spinous processes, from 
the epistropheus to the fifth inclusive. The fasciculus connected with the 
epistropheus is the largest, and is chiefly muscular in structure. 

The Semispinalis capitis (Complexus) is situated at the back part of the 
neck, beneath the Splenius, and medial to the Longissimi cervicis et capitis. 
It arises by a series of tendons from the tips of the transverse processes of the 
upper six or seven thoracic and the seventh cervical vertebrse, and from the 
articular processes of the fourth, fifth, and sixth cervical vertebrse. The 
tendons are succeeded by a broad muscle which passes upwards and is inserted 
between the superior and inferior nuchal lines of the occipital bone. The medial 
part, usually more or less distinct from the remainder of the muscle, is termed 
the Spinalis capitis ; it is also named the Biventer cervicis since it is traversed 
by an imperfect tendinous inscription. 

Nerve-supply. — The Semispinales are supplied by the posterior divisions of the 
cervical and thoracic nerves. 

Actions. — The Semispinalis dorsi et cervicis extend the thoracic and cervical 
portions of the vertebral column, and rotate them towards the opposite side ; the 
Semispinalis capitis extends the head, and turns the face slightly towards the 
opposite side. 

The Multifidus consists of a number of fleshy and tendinous fasciculi, 
which fill the groove on the side of the spinous processes of the vertebrse, from 
the sacrum to the epistropheus. In the sacral region, the fasciculi arise from 
the back of the sacrum, as low as the fourth sacral foramen, from the aponeurosis 
of origin of the Sacrospinalis, from the medial surface of the posterior superior 
iliac spine, and from the posterior sacro -iliac ligaments ; in the lumbar region, 
from all the mamillary processes ; in the thoracic region, from all the transverse 
processes ; and in the cervical region, from the articular processes of the 
lower four vertebrse. Each fasciculus passes obliquely upwards and medial- 
wards and is inserted into the whole length of the spinous process of one of 
the vertebrse above. The fasciculi vary in length : the most superficial pass 
from one vertebra to the third or fourth above ; those next in order run from 
one vertebra to the second or third above ; while the deepest connect contiguous 
vertebrse. 

Nerve-supply. — The Multifidus is supplied by the posterior divisions of the 
spinal nerves. 

Actions. — The fasciculi of the Multifidus bend the segments of the vertebral 
column backwards and lateralwards, and rotate them towards the opposite side. 

The Rotatores lie beneath the Multifidus and are found only in the 
thoracic region ; they are eleven in number on either side, and are small and 
somewhat quadrilateral in form. Each arises from the upper and posterior part 
of the transverse process, and is inserted into the lower border and lateral 
surface of the lamina of the vertebra above, the fibres extending as far as the 
root of the spinous process. The first is found between the first and second 
thoracic vertebrae ; the last, between the eleventh and twelfth. Sometimes 
the number of these muscles is diminished by the absence of one or more from 
the upper or lower end of the series. 
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Nerve-supply. — The Rotatores are supplied by the posterior divisions of the 
spinal nerves. 

Actions. — The Rotatores mainly rotate the individual vertebrae towards the 
opposite side. 

The Interspinales are short muscular fasciculi, placed in pairs between 
the spinous processes of the contiguous vertebrae, one on either side of the 
interspinal ligament. In the cervical region they are most distinct, and consist 
of sis pairs, the first being situated between the epistropheus and third vertebra, 
and the last between the seventh cervical and the first thoracic. They are 
small narrow bundles, attached, above and below, to the apices of the spinous 
processes. In the thoracic region they are found between the first and second 
vertebrae, and sometimes between the second and third, and the eleventh 
and twelfth. In the lumbar region there are four pairs in the intervals between 
the five lumbar vertebrae. A pair is occasionally found between the last thoracic 
and first lumbar, and another between the fifth lumbar and the sacrum. 

Nerve-supply. — The Interspinales are supplied by the posterior divisions of the 
spinal nerves. 

Actions. — The Interspinales extend those segments of the vertebral column to 
which they are attached. 

The Extensor coccygis is a slender muscular fasciculus, which is not always present;, 
it extends over the lower part of the posterior surface of the sacrum and coccyx. It 
arises by tendinous fibres from the last segment of the sacrum, or first piece of the 
coccyx, and passes downwards to be inserted into the lower part of the coccyx. It is a 
rudiment of the Levator caudse muscle of the lower animals. 

The Intertransversarii are small muscles placed between the transverse 
processes of the vertebrae. In the cervical region they are best developed and 
consist of paired fasciculi which pass between the anterior and the posterior 
tubercles respectively of the transverse processes of two contiguous vertebrae ; 
the muscles of each pair are separated by the anterior division of the 
cervical nerve, which lies in the groove between them. The muscles con- 
necting the anterior tubercles are termed the Intertransversarii anteriores ; 
those between the posterior tubercles the Intertransversarii posteriores. There 
are seven pairs of these muscles, the first pair being between the atlas and 
epistropheus, and the last between the seventh cervical and first thoracic 
vertebrae. In the thoracic region they are present between the transverse pro- 
cesses of the lower three thoracic, and between the transverse processes of the 
last thoracic and the first lumbar vertebras. In the lumbar region they are 
arranged in pairs, on either side of the vertebral column ; one set, occupying 
the entire interspace between the transverse processes of the lumbar vertebrae, 
the Intertransversarii laterales ; the other set, Intertransversarii mediates , passing 
from the accessory process of one vertebra to the mamillary of the vertebra below. 

Nerve-supply. — The Intertransversarii mediales are supplied by posterior 
divisions of the spinal nerves ; all the others are supplied by anterior divisions. 

Actions. — The Intertransversarii act as lateral flexors of those segments of the 
vertebral column to which they are attached. 


II. The Suboccipital Muscles (fig. 546) 

Rectus capitis posterior major. Obliquus capitis inferior. 

Rectus capitis posterior minor. Obliquus capitis superior. 

The Rectus capitis posterior major arises by a pointed tendon from the 
spinous process of the epistropheus and, becoming broader as it ascends, is 
inserted into the lateral part of the inferior nuchal line of the occipital bone, 
and also into the bone immediately below the line. As the muscles of the two 
sides pass upwards and lateralwards, they leave between them a triangular 
space, in which the Recti capitis posteriores minores are seen. 

Nerve-supply. — The Rectus capitis posterior major is supplied by the posterior 
division of the suboccipital nerve. 

Actions. — The Rectus capitis posterior major extends the head, and turns the 
face towards the same side. 
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The Rectus capitis posterior minor arises by a narrow pointed tendon 
from the tubercle on the posterior arch of the atlas, and, widening as it 
ascends, is inserted into the medial part of the inferior nuchal line of the 
occipital bone and also into the bone between that line and the foramen 
magnum. 

Nerve-supply. — The Rectus capitis posterior minor is supplied by the posterior 
division of the suboccipital nerve. 

Action. — The Rectus capitis posterior minor extends the head. 

^ The Obliquus capitis inferior, the larger of the two Oblique muscles, 
arises from the apex of the spinous process of the epistropheus, and passes 
lateralwards and slightly upwards, to be inserted into the lower and back part 
of the transverse process of the atlas. 

Nerve-supply. — The Obliquus capitis inferior is supplied by the posterior division 
of the suboccipital nerve. 

Action. — The Obliquus capitis inferior turns the face towards the same side. 

The Obliquus capitis superior, narrow below, wide and expanded above, 
arises by tendinous fibres from the upper surface of the transverse process of 
the atlas, joining with the insertion of the Obliquus capitis inferior. It passes 
upwards and medial wards, and is inserted into the occipital bone, between the 
superior and inferior nuchal lines, lateral to the Semispinalis capitis. 

Nerve-supply. — The Obliquus capitis superior is supplied by the posterior division 
of the suboccipital nerve. 

Actions. — The Obliquus capitis superior bends the head backwards and lateral- 
wards. 

The suboccipital triangle. — This triangle is bounded, above and medially, by 
the Rectus capitis posterior major ; above and laterally, by the Obliquus capitis 
superior ; below and laterally, by the Obliquus capitis inferior. It is covered by 
a layer of dense fibrofatty tissue, situated beneath the Semispinalis capitis. The 
floor is formed by the posterior occipito-atlantal membrane, and the posterior arch 
of the atlas. In the groove on the upper surface of the posterior arch of the atlas 
are the vertebral artery and the first cervical nerve. 


III. The Muscles of the Thorax 

Intercostales externi. Levatores eostarum. 

Intercostales interni. Serratus posterior superior. 

Subcostales. Serratus posterior inferior. 

Transversus thoracis. Diaphragm. 

The Intercostales (fig. 570) are two thin plates of muscular and tendinous 
fibres occupying each of the intercostal spaces. They are named external 
and internal from their surface relations — the external being superficial to 
the internal. 

The Intercostales externi are eleven in number on either side. Their 
attachments extend from the tubercles of the ribs behind, to near the cartilages 
of the ribs in front, where each is replaced by a layer of fascia named the anterior 
intercostal membrane , which is continued forwards to the sternum. Each muscle 
arises from the lower border of one rib, and is inserted into the upper border 
of the rib below. In the lower two spaces they extend to the ends of the rib- 
cartilages, and in the upper two or three spaces they do not quite reach the ends 
of the ribs. They are thicker than the Intercostales interni, and their fibres 
are directed obliquely downwards and lateralwards on the back of the thorax, 
and downwards, forwards, and medialwards on the front. 

The Intercostales interni are also eleven in number on either side. Their 
attachments commence anteriorly at the sternum, in the interspaces between 
the cartilages of the true ribs, and at the anterior extremities of the cartilages 
of, the false ribs, and extend backwards as far as the angles of the ribs, where 
'each is replaced by a layer of fascia named the posterior intercostal membrane , 
which is continuous with the anterior costotransverse ligament. Each muscle 
arises from the ridge on the inner surface of one rib, as well as from the 
corresponding costal cartilage, and is inserted into the upper border of the rib 
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below. Their fibres are also directed obliquely, but at right angles to those of 
the Int ere ost ales externi.* ~ v ° 

Nerve-supply. The Intercostales extern! et interni are supplied hv the inter- 
costal nerves. 

Actions.— The Intercostales externi et interni have probably little action in 
moving the ribs. They contract simultaneously and form strong elastic supports 
which prevent the intercostal spaces being drawn in or bulged out during respir- 
ation. The anterior portions of the Intercostales interni probably have an 
additional function in keeping the sternocostal and interchondral joint-surfaces in 
apposition, the posterior portions of the Intercostales externi perfor min g a similar 
function for the costovertebral joints. 

The Subcostales consist of muscular and aponeurotic fasciculi, and are 
usually well developed only in the lower part of the thorax ; each arises from 
the inner surface of one rib near its angle, and is inserted into the i nn er 
surface of the second or third rib 


below. Their fibres run in the same 
direction as those of the Intercos- 
tales interni. 

Nerve-supply. — The Subcostales 
are supplied by intercostal nerves. 

Actions. — The Subcostales depress 
the ribs. 

The Transversus thoracis 

(Triangularis sterni) is a thin plane 
of muscular and tendinous fibres, 
situated upon the inner surface of 
the front wall of the chest (fig. 547). 
It arises on either side from the 
lower third of the posterior surface 
of the body of the sternum, from 
the posterior surface of the xiphoid 
process, and from the posterior 
surfaces of the costal cartilages of 
the lower three or four true ribs 
near their sternal ends. Its fibres 
diverge upwards and lateralwards, 
to be inserted by slips into the 
lower borders and inner surfaces of 
the costal cartilages of the second, 
third, fourth, fifth, and sixth ribs. 
The lowest fibres of this muscle are 
horizontal, and are continuous with 
those of the Transversus abdominis ; 
the intermediate fibres are oblique, 
while the highest are almost vertical. 
This muscle varies in its attach- 
ments not only in different subjects, 
but on opposite sides of the same 


Fig. 547. — The left Transversus thoracis. 
Posterior aspect. 



subject. 

Nerve-supply. — The Transversus thoracis is supplied by intercostal nerves. 
Actions. — The Transversus thoracis draws down the costal cartilages to which 


it is attached. 

The Levatores costarum (fig. 546), twelve in number on either side, are 
strong bundles, which arise from the ends of the transverse processes of the 
seventh cervical and upper eleven thoracic vertebrae ; they pass obliquely down- 
wards and lateralwards, parallel with the posterior borders of the Intercostales 
externi, and each is inserted into the upper edge and outer surface of the rib 
immediately below the vertebra from which it takes origin, between the 


. * T. Walmsley (Journal of Anatomy , vol. 1.) describes each Internal intercostal muscle as 

consisting of (a) a superficial part, confined to the anterior two -thirds of the intercostal space, 
and properly named the Intercostalis intemus, and (b) a deep or infracostal part, present ip. 
about the middle two-fourt hs of each space, and in the same plane as the Transversus thoracis 
and the Subcostalis. 
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tubercle and the angle (Levatores costarum breves). Each of the four lower 
muscles divides into two fasciculi, one of which is inserted as above described ; 
the other passes down to the second rib below its origin (Levatores costarum 
longi). 

Nerve-supply. — The Levatores costarum are supplied by the intercostal nerves. 

Actions. — The Levatores costarum being inserted near the fulcra of the ribs can 
have little or no elevating action on the ribs ; they act as rotators and lateral flexors 
of the vertebral column. 

The Serratus posterior superior is a thin, quadrilateral muscle, situated 
at the upper and posterior part of the thorax. It arises by a thin aponeurosis 
from the lower part of the ligamentum nuchse, from the spinous processes 
of the seventh cervical and upper two or three thoracic vertebra and from 


Fig. 548. — The posterior one-half of the Diaphragm. Anterior aspect. 
(Modified from a model by His.) 


Vena - cava l foramen, 



the supraspinal ligament. Inclining downwards and lateralwards it is inserted, 
by four fleshy digitations, into the upper borders and outer surfaces of the 
second, third, fourth, and fifth ribs, a little beyond their angles. 

Nerve-supply. — The Serratus posterior superior is supplied by the second, third,, 
fourth and fifth intercostal nerves. 

Actions. — The Serratus posterior superior elevates the ribs. 

The Serratus posterior inferior (fig. 568) is situated at the junction of 
the thoracic and lumbar regions : it is of an irregularly quadrilateral form, 
broader than the preceding, and separated from it by a wide interval. It 
arises by a thin aponeurosis from the spinous processes of the lower two thoracic 
and upper two or three lumbar vertebrae, and from the supraspinal ligament ; 
this aponeurosis is intimately blended with the lumbodorsal fascia. Passing 
obliquely upwards and lateralwards, it becomes fleshy, and is inserted by 
four digitations into the inferior borders and outer surfaces of the lower four 
ribs, a little beyond their angles. 

Nerve-supply. — -The Serratus posterior inferior is supplied by the ninth, tenth, 
eleventh and twelfth thoracic nerves. 

Actions. — The Serratus posterior inferior draws the lower ribs downwards and 
backwards and thus elongates the thorax ; it also fixes the lower ribs, thus assisting 
the inspiratory action of the Diaphragm and resisting the tendency of the latter 
to draw the lower ribs upwards and forwards. 

The Diaphragm (figs. 548, 549) is a dome-shaped museulofibrous septum 
which separates the thoracic from the abdominal cavity, its convex upper 
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surface forming the floor of the former, and its concave under surface the 
roof of the latter. Its peripheral part consists of muscular fibres which take 
origin from the circumference of the thoracic outlet and converge to be inserted 
into a central tendon. 

The muscular fibres may be grouped according to their origins into three 
parts — sternal, costal, and lumbar. The sternal part arises by two fleshy 
slips from the back of the xiphoid process ; the costal part from the inner 
surfaces of the cartilages and adjacent portions of the lower six ribs on either 
side, interdigitating with the Trans versus abdominis ; and the lumbar part 
from aponeurotic arches, named the lumbocostal arches, and from the lumbar 
vertebrae by two pillars or crura . There are two lumbocostal arches, a medial 
and a lateral, on either side. 


Fig. 549. — The Diaphragm. Inferior aspect. 
Xiphoid process 



The medial lumbocostal arch (internal arcuate ligament) is a tendinous 
arch in the fascia covering the upper part of the Psoas major ; medially, it 
is continuous with the lateral tendinous margin of the corresponding crus, and 
is attached to the side of the body of the first or second lumbar vertebrae ; 
laterally, it is fixed to the front of the transverse process of the first lumbar 
vertebra. 

The lateral lumbocostal arch (external arcuate ligament) arches across the 
upper part of the Quadratus lumborum, and is attached, medially, tb the 
front of the transverse process of the first lumbar vertebra, and, laterally, to 
the lower margin of the twelfth rib. 

The crura . — At their origins the crura are tendinous in structure, and blend 
with the anterior longitudinal ligament of the vertebral -column. The right 
crus , larger and longer than the left, arises from the anterior surfaces of the 
bodies and intervertebral fibrocartilages of the upper three lumbar vertebrae, 
while the left crus arises from the corresponding parts of the upper two only. 
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The medial tendinous margins of the crura occasionally meet in the middle 
line to form an arch across the front of the aorta ; this arch is often poorly 
defined. 

From this series of origins the fibres of the Diaphragm converge to be 
inserted into the central tendon. The fibres arising from the xiphoid process 
are very short, and occasionally aponeurotic ; those from the medial and 
lateral lumbocostal arches, and more especially those from the ribs and their 
cartilages, are longer, and describe marked curves as they ascend and converge 
to their insertion. The fibres arising from the crura diverge as they ascend, 
the most lateral being directed upwards and lateralwards to the central tendon. 
The medial fibres of the right crus ascend on the left side of the oesophageal 
hiatus, and occasionally a fasciculus of the left crus crosses the aorta and 
runs obliquely through the fibres of the right crus towards the venacava] 
foramen (Low *). 

The central tendon of the Diaphragm is a thin but strong aponeurosis situated 
near the centre of the vault formed by the muscle, but somewhat closer to 
the front than to the back of the thorax, so that the posterior muscular fibres 
are the longer. It is situated immediately below the pericardium, with which 
it is partially blended. It is shaped somewhat like a trefoil leaf, consisting 
of three divisions or leaflets separated from one another by slight indentations. 
The right leaflet is the largest, the middle, directed towards the xiphoid 
process, the next in size, and the left the smallest. In structure the tendon 
is composed of several planes of fibres, which intersect one another at various 
angles and unite into straight or curved bundles — an arrangement which 
gives it additional strength. 

Openings in the Diaphragm. — The Diaphragm is pierced by a series 
of apertures to permit of the passage of structures between the thorax and 
abdomen. Three large openings — the aortic, the oesophageal, and the vena- 
caval — and a number of smaller ones are present. 

The aortic hiatus is the lowest and most posterior of the large apertures ; 
if lies at the level of the twelfth thoracic vertebra slightly to the left of the 
middle line. Strictly speaking, it is an osseo -aponeurotic opening between the 
vertebral column and the Diaphragm, and therefore behind the latter ; occa- 
sionally some tendinous fibres from the medial parts of the crura pass behind 
the aorta, and convert the hiatus into a fibrous ring. Through it pass the 
aorta, the azygos vein, and the thoracic duct ; occasionally the azygos vein 
pierces the right crus. 

The oesophageal hiatus is situated in the muscular part of the Diaphragm 
at the level of the tenth thoracic vertebra ; it is elliptical in shape, and is 
ec formed by the splitting of the medial fibres of the right-crus ” (Low). It is 
placed above, in front, and a little to the ]eft of the aortic hiatus, and transmits 
the oesophagus, the vagus nerves, and some small oesophageal vessels. 

The venacaval foramen is the highest of the three, and is situated about 
the level of the fibrocartilage between the eighth and ninth thoracic vertebrae. 
It is quadrilateral in form, and is placed at the junction of the right and middle 
leaflets of the central tendon, so that its margins are tendinous. It transmits 
the inferior vena cava, the wall of which is adherent to the margin of the 
opening, and some branches of the right phrenic nerve. 

Of the lesser apertures , two in the right crus transmit the greater and lesser 
right splanchnic nerves ; three in the left crus give passage to the greater and 
lesser left splanchnic nerves and the hemiazygos vein. The gangliated trunks 
of the sympathetic usually enter the abdominal cavity behind the Diaphragm, 
under the medial lumbocostal arches. The structures piercing the crura are 
sometimes utilised to divide each crus into medial, intermediate, and lateral 
parts, the last consisting of the fibres arising from the medial lumbocostal 
arch* Between the medial and intermediate parts the hemiazygos vein and 
the splanchnic nerves pass ; between the intermediate and lateral parts the 
gangliated trunks of the sympathetic occasionally pass. 

On either side two small intervals exist at .which the muscular fibres of 
the Diaphragm are deficient and are replaced by areolar tissue. One between 
the sternal and costal parts transmits the superior epigastric branch of the 
internal mammary artery, and some lymphatics from the abdominal wall and 

* Alex. Low, Journal of Anatomy and Physiology , vol. xlii. 
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convex surface of the liver. The other, between the fibres springing from 
the medial and lateral lumbocostal arches, is less constant ; when this interval 
exists, the upper and back part of the kidney is separated from the pleura by 
areolar tissue only. 

Relations. The upper surface of the Diaphragm is in relation with three serous 
membranes, viz. on either side the pleura, which separates it from the base of the 
corresponding lung, and on the middle leaflet of the central tendon the pericardium, 
which intervenes between it and the heart. . The central portion lies on a slightly lower 
level than the summits of the lateral portions. The greater part of the under surface 
is covered by the por;t on com . The right side is accurately moulded over the convex 
surface of the righ;- lobe of tee liver, the right kidney, and'right suprarenal gland; the 
left over the left lobe of the liver, the fundus of the stomach, the spleen, the left kidney, 
and the left suprarenal gland. 

Nerve-supply. — The Diaphragm is supplied by the phrenic nerve and the lower 
six or seven intercostal nerves. 

Actions. — The Diaphragm is the principal muscle of inspiration, and presents 
the form of a dome concave towards the abdomen. The central part of the dome 
is tendinous, and the pericardium is attached to its upper surface ; the circum- 
ference is muscular. During inspiration the lowest ribs are fixed, and from these 
and the crura the muscular fibres contract and draw downwards and forwards the 
central tendon with the attached pericardium. In this movement the curvature 
of the Diaphragm is scarcely altered, the dome moving downwards nearly parallel 
to its original position and pushing before it the abdominal viscera. The descent 
of the abdominal viscera is permitted by the extensibility of the abdominal wall, but 
the limit of this is soon reached. The central tendon applied to the abdominal 
viscera then becomes a fixed point for the action of the Diaphragm, the effect of 
which is to elevate the lower ribs and through them to push forwards the body 
of the sternum and the upper ribs. The right cupola of the Diaphragm, lying on 
the liver, has a greater resistance to overcome than the left, which lies over the 
stomach, but to compensate for this the right crus and the 'fibres of the right side 
generally are stronger than those of the left. 

In all expulsive acts the Diaphragm is called into action to give additional power 
to each effort. Thus, before sneezing, coughing, laughing, crying, or vomiting, and 
previous to the expulsion of urine or faeces, or of the foetus from the uterus, a deep 
inspiration takes place. 

The height of the Diaphragm is constantly varying during respiration ; it also 
varies with the degree of distension of the stomach and intestines and with the 
size of the liver. After a forced expiration the right cupola is on a level in front 
with the fourth costal cartilage, at the side with the fifth, sixth, and seventh ribs, 
and behind with the eighth rib ; the left cupola is a little lower than the right. 
Halls Dally * states that the absolute range of movement between deep inspiration 
and deep expiration averages in the male and female 30 mm. on the right side and 
28 mm. on the left ; in quiet respiration the average movement is 12*5 mm. on the 
right side and 12 mm. on the left. 

Skiagraphy shows that the height of the Diaphragm in the thorax varies considerably 
with the position of the body. It stands highest when the body is horizontal and the 
patient on his back, and in this position it perforins the largest respiratory excursions 
with normal breathing. When the body is erect the dome of the Diaphragm falls, and 
its respiratory movements become smaller. The dome falls still lower when the sitting 
posture is assumed, and in this position its respiratory excursions are smallest. When the 
body is horizontal and the patient on his side, the two halves of the Diaphragm do not 
behave alike. The uppermost half sinks to a level lower even than when the patient sits, 
and moves little with respiration ; the lower half rises higher in the thorax than it does 
when the patient is supine, and its respiratory excursions are much increased. 

It appears that the position of the Diaphragm in the thorax depends upon three main 
factors, viz. : (1) the elastic retraction of the lung- tissue, tending to pull it upwards ; 
(2) the pressure exerted on its under surface by the viscera : this naturally tends to be a 
negative pressure, or downward ^suction, when the patient sits or stands, and a positive, 
or upward pressure, when he lies ; (3) the intra-abdominal tension due to the abdominal 
muscles. These muscles are in a state of contraction in the standing position and not in 
the sitting ; hence the Diaphragm is pushed up higher in the former position. 

* Journal of Anatomy and Physiology , vol. xliii. 
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Applied Anatomy . — The oblique rise of the Diaphragm from the costal margin to the 
level of the fifth costal cartilage on the right side, and the sixth on the left, has to be borne 
in mind in opening an empyema. If the drainage tube be put in too low down, when the 
abscess cavity contracts the Diaphragm is drawn up against and blocks the tube before 
the abscess is cured. 


The Mechanism of Respiration 

The respiratory movements must be examined during (a) quiet respiration, and 
(6) deep respiration. 

Quiet respiration . — The first and second pairs of ribs are fixed by the resistance 
of the cervical structures ; the last pair, and through them the eleventh, by the 
Quadratus lumborum. The other ribs are elevated, so that the first two intercostal 
spaces are diminished while the others are increased in width. It has already been 
shown (p. 373) that elevation of the third, fourth, fifth, and sixth ribs leads to an 
increase in the anteroposterior and transverse diameters of the thorax : the vertical 
diameter is increased by the descent of the diaphragmatic dome so that the lungs 
are expanded in all directions except backwards and upwards. Elevation of the 
eighth, ninth, and tenth ribs is accompanied by a lateral and backward movement, 
leading to an increase in the transverse diameter of the upper part of the abdomen ; 
the elasticity of the anterior abdominal wall allows a slight increase in the antero- 
posterior diameter of this part, and in this way the decrease in the vertical diameter 
of the abdomen is compensated and space provided for its displaced viscera. Expira- 
tion is effected by the elastic recoil of its walls and by the action of the abdominal 
muscles, which push back the viscera displaced downwards by the Diaphragm. 

Deep respiration . — All the movements of quiet respiration are here carried out, 
but to a greater extent. In deep respiration the shoulders and the vertebral borders 
of the scapulae are fixed and the limb muscles, the Trapezius, Serratus anterior, 
Pectorales, and Latissimus dorsi, called into play. The Scaleni are in strong 
action, and the Sternocleidomastoidei also assist, when the head is fixed, by drawing 
up the sternum and by fixing the clavicles. The first rib is therefore no longer 
stationary, but, with the sternum, is raised ; with it all the other ribs except the 
last are raised to a higher level. In conjunction with the increased descent of the 
Diaphragm this provides for a considerable augmentation of all the thoracic 
diameters. The anterior abdominal muscles come into action so that the umbilicus 
is drawn upwards and backwards, but this allows the Diaphragm to exert a more 
powerful influence on the lower ribs ; the transverse diameter of the upper part of 
the abdomen is greatly increased and the subcostal angle opened out. The deeper 
muscles of the back, e.g. the Serrati posteriores superiores and the Sacrospinales 
and their continuations, are also brought into action ; the thoracic curve of the 
vertebral column is partially straightened, and the whole column, above the lower 
lumbar vertebrae, drawn backwards. This increases the anteroposterior diameters 
of the thorax and upper part of the abdomen and widens the intercostal spaces. 
Deep expiration is effected by the recoil of the walls and by the contraction of the 
anterolateral muscles of the abdominal wall, and the Transversus thoracis. 

Halls Dally (be, cit.) gives the following figures as representing the average changes 
which occur during deepest possible respiration. The manubrium sterni moves 30 mm. 
in an upward and 14 mm. in a forward direction ; the width of the subcostal angle, at a 
level of 30 mm. below the articulation between the body of the sternum and the xiphoid 
process, is increased by 26 mm, ; the umbilicus is retracted and drawn upwards for a 
distance of 18 mm. 

Applied Anatomy , — The changes in the height of the Diaphragm during alterations in 
posture explain why patients suffering from severe dyspnoea are most comfortable and 
least short of breath when they sit up. In unilateral disease of the pleura or lungs inter- 
ference with the position or movement of the Diaphragm can generally be observed skia- 
graphically. 

The referred pains felt when the Diaphragm is inflamed are described with the anatomy 
of the phrenic nerve. 
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IV. The Muscles oe the Abdomen 

The muscles of the abdomen may be divided into two groups : 1. The 
anterolateral muscles ; 2. The posterior muscles. 


1. The Anterolateral Muscles 

Obliquus externus. Transversus. 

Obliquus internus. Rectus. 

Pyramidalis. 

The superficial fascia of the abdomen consists, over the greater part of 
the abdominal wall, of a single layer containing a variable amount of fat ; but 



near the groin it is easily divisible into two layers between which are iound 
the superficial vessels and nerves and the superficial inguinal lymph-glands. 
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The superficial layer ( fascia of Camper) is thick, areolar in texture, and 
contains in its meshes a varying quantity of adipose tissue. Below, it passes 
over the inguinal ligament, and is continuous with the superficial fascia of the 
thigh. In the male, Camper’s fascia is continued over the penis and outer 
surface of the spermatic cord to the scrotum, where it helps to form the dartos. 
As it passes to the scrotum it changes its characteristics, becoming thin, destitute 
of adipose tissue, and of a pale reddish colour ; in the scrotum it acquires 
some involuntary muscular fibres and forms the dartos tunic. From the scrotum 

Fig. 551. — A superficial dissection of the groin and the lower part of the anterior 
abdominal wall. Right side. 
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it may be traced backwards into continuity with the superficial fascia of the 
perinseum. In the female, Camper’s fascia is continued from the abdomen into 
the labia majora. 

The deep layer ( fascia of Scarpa) is thinner and more membranous in. 
character than the superficial layer, and contains a considerable quantity of 
elastic fibres. It is loosely connected by areolar tissue to the aponeurosis of 
the Obliquus externus abdominis, but in the middle line it is more intimately 
adherent to the linea alba and to the symphysis pubis, and is prolonged on 
to the dorsum of the penis, forming the fundiform ligament ; above, it is 
continuous with the superficial fascia over the rest of the trunk ; below and 
laterally, it blends with the fascia lata of the thigh a little below and parallel 
with the inguinal ligament (fig. 551) ; below and medially, it is continued over 
the penis and spermatic cord to the scrotum, where it helps to form the dartos. 
From the scrotum it may be traced backwards into continuity with the deep 
layer of the superficial fascia of the perinseum ( fascia of Colies). In the female* 
it is continued into the labia majora and thence to the fascia of Colies. 
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labii inferioris ) on either side of the middle line ; this slip arises from the 
mandible, lateral to the Mentalis, and intermingles with the other muscles 
at the angle of the mouth. 

Nerve-supply. — The Orbicularis oris is supplied by the buccal and mandibular 
branches of the facial nerve. 

Actions. — The Orbicularis oris in its ordinary action effects the direct closure 
of the lips ; by its deep, assisted by its oblique, fibres, it compresses the lips against 
the teeth. The superficial part, consisting principally of the decussating fibres 
brings the lips together and protrudes them. 

The Risorius arises from the parotideomasseteric fascia and is inserted 
into the skin at the angle of the mouth (fig. 534). It is a narrow bundle of 
fibres, broadest at its origin, but varying much in its size and form. 

Nerve-supply. — The Risorius is supplied by the buccal branches of the facial 
nerve. 

Actions. — The Risorius retracts the angle of the mouth, and produces an un- 
pleasant grinning expression. 


Y. The Muscles oe Mastication 

Masseter. Pterygoideus externus. 

Temporalis . Pterygoideus internus . 

Covering the Masseter, and firmly connected with it, is a strong layer of 
fascia derived from the fascia colli and named the parotideomasseteric fascia. 
It is attached to the lower border of the zygomatic arch, and invests the parotid 
gland (p. 448). 

The Masseter (fig. 534) is a quadrilateral muscle, consisting of two portions, 
superficial and deep. The superficial portion, the larger, arises by a thick 
aponeurosis from the zygomatic process of the maxilla, and from the anterior 
two-thirds of the lower border of the zygomatic arch ; its fibres pass down- 
wards and backwards, to be inserted into the angle and lower one-half of the 
lateral surface of the ramus of the mandible. The deep portion is much smaller 
and is partly concealed by the superficial portion ; it arises from the posterior 
one-third of the lower border and from the whole of the medial surface of the 
zygomatic arch ; its fibres pass downwards and forwards, to be inserted into 
the lateral surfaces of the coronoid process and the upper one-half of the ramus 
of the mandible. 

Re' at ions. — Superficial to the muscle are the integument, the Platysraa, the Risorius, 
the Zygomaticus, and the parotid gland ; the parotid duct, branches of the facial nerve, 
and the transverse facial vessels cross the muscle. The deep surface is in relation with the 
insertion of the Temporalis and the ramus of the mandible ; a mass of fat separates it 
from the Buccinator muscle and nerve. The masseteric nerve and artery enter the muscle 
on its deep surface. The posterior margin is overlapped by the parotid gland ; the anterior 
margin projects over the Buccinator and is crossed below by the anterior facial vein. 

Nerve-supply. — The Masseter is supplied by the masseteric branch of the anterior 
trunk of the mandibular nerve. 

Actions. — The Masseter pulls the mandible towards and against the maxillse 
from its relation to the axis of move r ent it can act with very great force. 

The temporal fascia covers the Temporalis. It is a strong, fibrous 
investment, covered, laterally, by the Auriculares anterior et superior, the 
galea aponeurotica, and a part of the Orbicularis oculi. The superficial temporal 
vessels and the auriculotemporal nerve cross it from below upwards. Above, 
it is a single layer, attached to the entire extent of the superior temporal line ; 
below, it consists of two layers, one of which is attached to the lateral, and 
the other to the medial border of the zygomatic arch. A small quantity of 
fat, the zygomatico-orbital branch of the. superficial temporal artery, and 
the zygomaticotemporal branch of the maxillary nerve, are contained between 
these two layers. The deep surface of the fascia affords attachment to the 
superficial fibres of the Temporalis. 

The Temporalis (fig. 539) is a fan -shaped muscle, situated at the side of 
the head. It arises from the whole of the temporal fossa (except the portion 
formed by the zygomatic bone) and from the deep surface of the temporal 
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The margin of that portion of the aponeurosis which extends between the 
anterior superior iliac spine and the pubic tubercle is a thick band, folded 
inwards upon itself to present a grooved upper surface, and continuous below 
with the fascia lata ; it is called the inguinal ligament . A small portion is 
reflected from the medial part of the inguinal ligament, and is attached to the 
pecten pubis ; it is called the lacunar ligament . From the attachment of the 
latter to the pecten pubis, a few fibres pass upwards and medialwards, behind 
the medial crus of the subcutaneous inguinal ring, to the linea alba ; they 
diverge as they ascend, and form a thin triangular fibrous band which is called 
the reflected inguinal ligament (fig. 557). 

In the aponeurosis of the Obliquus externus, immediately above the crest 
of the os pubis, is a triangular opening, the subcutaneous inguinal ring , formed 
by a separation of the fibres of the aponeurosis in this situation. 

Nerve-supply. — The Obliquus externus abdominis is supplied by the anterior 
divisions of the lower thoracic nerves. 

Actions. — When the thorax and pelvis are fixed the Obliqui externi abdominis 
compress the abdominal viscera and thus assist in expelling the faeces from the rectum, 
the urine from the bladder, the foetus from the uterus, and the contents of the 
stomach in vomiting. If the pelvis and vertebral column be fixed the muscles 
depress and compress the lower part of the thorax, assisting in expiration. If 
the pelvis alone be fixed, the trunk is bent forwards when both muscles act ; if the 
muscle of one side act, the trunk is bent towards that side and the front of the abdo- 
men turned towards the opposite side. If the thorax be fixed the muscles, acting 
together, draw the front of the pelvis upwards ; acting singly they will in addition 
bend the lumbar part of the vertebral column, and turn the front of the abdomen 
to the same side. 

The following structures require further description, viz. the subcutaneous 
inguinal ring, the intercrural fibres and fascia, and the inguinal, lacunar, and 
reflected inguinal ligaments. 

The subcutaneous inguinal ring (external abdominal ring) (figs. 550, 552) 
is an interval in the aponeurosis of the Obliquus externus, just above and lateral 
to the crest of the os pubis. The aperture is somewhat triangular in form, and 
its direction is oblique, corresponding with the course of the fibres of the 
aponeurosis. It measures from base to apex about 2*5 cm., and across the 
base about 1*25 cm. It is bounded below by the crest of the os pubis ; on either 
side by the margins of the opening in the aponeurosis, which are called the 
crura of the ring ; and above, by a series of curved intercrural fibres. The 
inferior crus (external pillar) is the stronger, and is formed by that portion of the 
inguinal ligament which is inserted into the pubic tubercle ; it is so curved as 
to form a kind of groove, upon which, in the male, the spermatic cord rests. 
The superior crus (internal pillar) is a thin, flat band, attached to the front 
of the symphysis pubis and interlacing with its fellow of the opposite side. 

The subcutaneous inguinal ring gives passage to the spermatic cord and 
ilio-inguinal nerve in the male, and to the round ligament of the uterus and 
the ilio-inguinal nerve in the female ; it is much larger in men than in women, 
on account of the size of the spermatic cord. 

The intercrural fibres (intercolumnar fibres) are a series of curved 
tendinous fibres, which arch across the lower part of the aponeurosis of the 
Obliquus externus, describing curves with the convexities downwards. They 
have received their name from stretching across between the two crura of 
the subcutaneous inguinal ring, and they are much thicker and stronger at the 
inferior crus, where they are connected to the inguinal ligament, than superiorly, 
where they are inserted into the linea alba. The intercrural fibres increase 
the strength of the lower part of the aponeurosis, and tend to prevent the 
divergence of the crura from one another ; they are more strongly developed 
in the male than in the female. 

As they pass across the subcutaneous inguinal ring, they are connected 
together by delicate fibrous tissue, forming a fascia, called the intercrural 
fascia . This intercrural fascia is continued down as a tubular prolonga- 
tion around the spermatic cord and testis, and encloses them in a sheath ; 
hence it is also called the external spermatic fascia. The subcutaneous inguinal 
ring is seen as a distinct aperture only after the intercrural fascia has been 
removed. 
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The inguinal ligament (Poupart’s ligament) (figs. 551 to 553) is the lower 
border of the aponeurosis of the Obliquus externus, and extends from the 
anterior superior iliac spine to the pubic tubercle. Its general direction is 
convex downwards towards the thigh, where it is continuous with the fascia 
lata. Its lateral one-half is rounded, and oblique in direction; its medial 
one-half gradually widens at its attachment to the os pubis, is more horizontal 
in direction, and supports the spermatic cord. 

The lacunar ligament (Gimbernat’s ligament) (fig. 553).is that portion of the 
aponeurosis of the Obliquus externus which is reflected backwards and lateral- 
wards from the medial part of the inguinal ligament, and is attached to the 
pecten pubis. It is of a triangular form, and is almost horizontal in direction 


Fig. 553. — The left inguinal and lacunar ligaments. 



when the body is in the erect posture ; it is a little larger in the male than 
in the female, and measures about 2 cm. from base to apex. Its base,, 
directed laterally, is concave and thin and forms the medial boundary of the 
femoral ring ; its apex corresponds to the pubic tubercle. Its posterior margin 
is attached to the pecten pubis, and is continuous with the pectineal fascia 
its anterior margin blends with the inguinal ligament. Its surfaces are directed 
upwards and downwards. 

The reflected inguinal ligament (triangular fascia) (figs. 552, 557) is a 
triangular-shaped layer of tendinous fibres ; it is formed by an expansion 
from the lacunar ligament and the inferior crus of the subcutaneous inguinal 
ring. It passes medialwards behind the spermatic cord, expands into a some- 
what fan-shaped band behind the superior crus of the subcutaneous inguinal 
ring and in front of the inguinal aponeurotic falx, and interlaces with the 
ligament of the other side at the linea alba. 

Ligament of Cooper . — This is a strong fibrous band, which was first described 
by Sir Astley Cooper. It extends lateralwards from the base of the lacunar 
ligament (fig. 553) along the pecten pubis, to which it is attached. It is 
strengthened by the pectineal fascia, and by a lateral expansion from the lower 
attachment of the linea alba (adminiculum linese albse). 
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The Obliquus internus abdominis (fig. 554), thinner and smaller than 
the Obliquus externus, beneath which it lies, is of an irregularly quadrilateral 
form. It arises, by fleshy fibres, from the lateral one-half of the grooved upper 
surface of the inguinal ligament, from the anterior two-thirds of the middle 
lip of the iliac crest, and from the posterior lamella of the lumbodorsal fascia. 
[From this origin the fibres diverge ; those from the inguinal ligament, few in 
number, and paler in colour than the rest, arch downwards and medialwards 
across the spermatic cord in the male, and the round ligament of the uterus 
in the female, and, becoming tendinous, are inserted, conjointly with those of 


Fig-. 55 4. — The left Obliquus internus abdominis. 



the Transversus, into the crest of the os pubis and into the medial part of the 
pecten pubis behind the lacunar ligament, forming what is known as the inguinal 
aponeurotic falx. Those from the anterior one-third of the iliac origin are 
horizontal in their direction, and, becoming tendinous along the lower one-fourth 
of the linea semilunaris, pass in front of the Rectus abdominis to be inserted 
into the linea alba. Those arising from the middle one-third of the iliac origin 
run obliquely upwards and medialwards, and end in an aponeurosis ; . this 
divides at the lateral border of the Rectus into two lamellae, which are continued 
forwards, one in front of and the other behind this muscle, to the linea alba ; 
the posterior lamella has an attachment to the cartilages of the seventh, eighth, 
and ninth ribs. The most posterior fibres pass almost vertically upwards, 
to be inserted into the inferior borders of the cartilages of the lower three ribs, 
being continuous with the Intercostales interni. 

Nerve-supply. — The Obliquus internus abdominis is supplied by the anterior 
divisions of the lower thoracic and first lumbar nerves. 
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,, Actions. The actions of the Obliqui interni abdominis are similar to those of 
the Obbqm exterm m compressing the abdomen (p. 472). Acting from below the 
Obhquus interims bends the thorax and turns the front of the abdomen towards 
the same side ; acting from above it bends the lumbar part of the vertebral column 
®de and turns the front of the abdomen to the opposite side. 

T 16 Cremaster (figs. 554, 556) is a thin muscular layer, composed of a 
number of fasciculi which arise from the middle of the inguinal ligament, where 



Its fibres are continuous with those of the Obliquus internus and also occasionally 
with the Transversus. It passes along the lateral side of the spermatic cord, 
descends with it through the subcutaneous inguinal ring upon the front and 
•sides of the cord, and forms a series of loops which differ in thickness and 
length in different subjects. At the upper part of the cord the loops are short, 
but they become successively longer, the longest reaching down as far as the 
'testis, where a few are inserted into the tunica vaginalis. These loops are 
united together by areolar tissue, and form a thin covering over the cord and 
testis, the cremasteric fascia. The fibres ascend along the medial side of the 
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cord, and are inserted by a small pointed tendon into the tubercle and crest 
of the os pubis and into the front of the sheath of the Rectus abdominis. 

Nerve-supply. — The Cremaster is supplied by the external spermatic branch 
of the genitofemoral nerve. 

Action. — The Cremaster is an involuntary muscle which pulls up the testis. 

The Transversus abdominis (fig. 555), so called from the direction of its 
fibres, is the most internal of the flat muscles of the abdomen, being situated 
deep to the Obliquus interims. It arises by fleshy fibres from the lateral 

Fig. 556. — A dissection of the regions shown in fig. 551, but with a part of the 
Obliquus externus removed. 
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one-third of the inguinal ligament, from the anterior three-fourths of the inner 
lip of the iliac crest, from the inner surfaces of the cartilages of the lower six 
ribs, interdigit ating with the Diaphragm, and from the lumbodorsal fascia. 
The muscle ends in front in a broad aponeurosis, the lower fibres of which 
curve downwards and medial wards, and are inserted, together with those, of 
the Obliquus internus, into the crest of the os pubis and pecten pubis, forming 
the inguinal aponeurotic falx. Throughout the rest of its extent the aponeurosis 
passes horizontally to the middle line, and is inserted into the linea alba ; 
its upper three-fourths lie behind the Rectus and blend with the posterior 
lamella of the aponeurosis of the Obliquus internus ; its lower one-fourth is in 
front of the Rectus. 

The inguinal aponeurotic falx, or conjoined tendon of the Obliquus internus 
and Transversus (figs. 557, 558), is mainly formed by the lower part of the 
tendon of the Transversus, and is inserted into the crest of the os pubis and 
pecten pubis, immediately behind the subcutaneous inguinal ring, serving to 
protect what would otherwise be a weak point in the abdominal wall. Lateral 
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to the falx is a ligamentous band connected with the lower margin of the 
Transversus and extending down to the superior ramus of the os pubis ; it is 
termed the mterfoveolar ligament (of Hesselbach) (fig. 558), and sometimes 
contains a few muscular fibres. 

Nerve-supply. The Transversus abdominis is supplied by the anterior divisions 
of tlie lower thoracic and first lumbar nerves. 

Actions. — The Transversi abdominis almost completely encircle the abdominal 
cavity ; in action they compress the abdominal contents. 


Fig. 557. A dissection of the regions shown in fig. 552, but with portions of the 
Obliqui externus et internus removed. 
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The Rectus abdominis (fig. 559) is a long fiat muscle, broader above than 
below, which extends along the whole length of the front of the 1 abdomen, 
and is separated from its fellow of the opposite side by the linea alba. It 
arises by two tendons ; the lateral and larger is attached to the crest of the 
os pnbis, the medial interlaces with its fellow of the opposite side and is con- 
nected with the ligamentous fibres covering the front of the symphysis pubis. 
The muscle is inserted by three slips of unequal size into the cartilages of the 
fifth, sixth, and seventh ribs ; some fibres of the upper slip are usually inserted 
into the anterior extremity of the fifth rib ; some are occasionally connected 
with the costoxiphoid ligaments and the side of the xiphoid process. 

The Rectus is crossed by three fibrous bands, named tendinous inscrip- 
tions ; one is usually situated opposite the umbilicus, the second opposite 
the free end of the xiphoid process, and the third about midway between the 
xiphoid process and the umbilicus. These inscriptions pass transversely or 
obliquely across the muscle in a zigzag course ; they rarely extend completely 
through its substance and may pass only halfway across it ; they are intimately 
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adherent to the anterior lamina of the sheath of the muscle. Sometimes one or 
two additional but incomplete inscriptions are present below the umbilicus. 

The Rectus abdominus is enclosed in a sheath (figs. 554, 559, 560) formed by 
the aponeuroses of the Obliqui and Transversus, which are arranged as follows : 
At the lateral margin of the Rectus, the aponeurosis of the Obliquus internus 
divides into two lamellae, one of -which passes in front of the Rectus, blending 
with the aponeurosis of the Obliquus externus, the other, behind it, blending with 
the aponeurosis of the Transversus, and these, joining again at the medial 
border of the Rectus, are inserted into the linea alba. This arrangement of the 
aponeuroses exists from the costal margin to midway between the umbilicus 
and symphysis pubis, where the posterior wall of the sheath ends in a thin 
curved margin, the linea semicircularis (fig. 559), the concavity of which is 
directed downwards. In the upper part of the sheath muscular fibres of the 
Transversus extend into its posterior wall, and not infrequently do so to a 

Fig. 558. — The interfoveolar ligament. Anterior aspect. 

(Modified from Braune.) 
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considerable extent (figs. 559, 560). Below the level of the linea semicircularis 
the aponeuroses of all three muscles pass in front of the Rectus ; those of the 
Transversus and Obliquus internus are intimately fused together, but the 
aponeurosis of the Obliquus externus is bound to them merely by loose con- 
nective tissue except in and near the middle line ; behind, the Rectus is 
separated from the peritoneum by the transversalis fascia (fig. 561). Since the 
aponeuroses of the Obliquus internus and Transversus only reach as high as 
the costal margin, it follows that above this level the sheath of the Rectus is 
deficient posteriorly, the muscle resting directly on the cartilages of the ribs ; 
the front of this part of the Rectus is covered merely by the tendon of the 
Obliquus externus. 

Nerve-supply. — The Rectus abdominis is supplied by the anterior divisions of the 
lower thoracic nerves. 

Actions. — The Rectus abdominis acting from above elevates the front of the 
pelvis ; acting from below it depresses the thorax, and in continued action flexes 
the vertebral column. The two muscles are also powerful compressors of the 
abdominal viscera. 

Applied Anatomy . — In suturing incisions through the upper part of the sheath of the 
Rectus abdominis it is necessary to suture the Transversus abdominis where it enters 
into the formation of the posterior wall of the sheath. The fibres of Transversus 
abdominis being very pale, fine, and sometimes covered with a thin layer of fat, are 
liable to be overlooked. 
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The Pyramidalis (fig. 559) is a triangular muscle, placed at the lower part of 
the abdomen, in front of the Rectus abdominis and within the sheath of that 
muscle. It arises by tendinous fibres from the front of the os pnbis and from 
the ligamentous fibres in front of the symphysis ; the fleshy portion of the 
muscle passes upwards, diminishing in size as it ascends, and ends in a pointed 


Fig. 559. — The right Rectus abdominis and the left Pyramidalis. The greater 
part of the left Rectus abdominis has been removed to show the superior and 
inferior epigastric vessels. 
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extremity which is inserted into the linea alba midway between the umbilicus 
and os pubis, but may extend to a higher level. This muscle may be larger 
on one side than on the other, or may be wanting on one or. both sides. 

Besides the Rectus and Pyramidalis, the sheath of the Rectus contains the superior 
and inferior epigastric arteries, and the terminal portions of thelowex intercostal nerves. 

Nerve-supply.— The Pyramidalis is supplied by the twelfth thoracic nerve. 

Action. — The Pyramidalis is a tensor of the linea alba. 
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The linea alba (fig. 559) is a tendinous band in the middle line of the abdomen, 
stretching between the xiphoid process and the symphysis pubis. It is placed 
between the medial borders of the Recti, and is formed by the blending of the 
aponeuroses of the Obliqui and Transversi. It is narrow below, corresponding 
to the linear interval existing between the Recti ; but broader above, where 
these muscles diverge from one another. Its lower end has a double attach- 
ment — its superficial fibres passing in front of the medial heads of the Recti to 
the symphysis pubis, while its deeper fibres form a triangular lamella, attached 
behind the Recti to the posterior surface of the crest of the os pubis, and named 
the adminiculum linece albce. The linea alba presents apertures for the passage 
of vessels and nerves ; the umbilicus, which in the foetus exists as an aperture 
&nd transmits the umbilical vessels, is closed a few days after birth. 


Fig. 560. — A transverse section through the anterior abdominal wall, above 
the umbilicus. Diagrammatic. 
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The linern semilunares are two curved tendinous lines corresponding with 
the lateral borders of the Recti ; each extends from the cartilage of the ninth 
rib to the pubic tubercle, and marks the line along which the aponeurosis of 
the Obliquus internus splits to enclose the Rectus abdominis. 

The transversalis fascia is a thin membrane which lies between the 
inner surface of the Transversus muscle and the extraperitoneal fat. It forms 
part of the general layer of fascia lining the abdominal parietes, and is 
continuous with the iliac and pelvic fasciae. In the inguinal region it is thick 
and dense in structure, and is joined by fibres from the aponeurosis of the 
Transversus, but it becomes thin as it ascends to the Diaphragm, and blends 
with the fascia covering the under surface of this muscle. Behind, it is lost 
in the fat which covers the posterior surfaces of the kidneys. Below, it has 
the following attachments : posteriorly, to the whole length of the iliac crest, 


Fig. 561. — A transverse section through the anterior abdominal wall, below the 
linea semicircularis. Diagrammatic. 
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between the origins of the Transversus and Iliacus ; between the anterior 
superior iliac spine and the femoral vessels it is connected to the posterior 
margin of the inguinal ligament, and is there continuous with the iliac fascia. 
Medial to the femoral vessels it is thin and is fixed to the pecten pubis, behind 
the inguinal aponeurotic falx, with which it is united ; it descends in front of the 
femoral vessels to form the anterior wall of the femoral sheath. The spermatic 
cord in the male, and the round ligament of the uterus in the female, pass 
through the transversalis fascia at a spot called the abdominal inguinal ring. 
This opening is not visible externally since the transversalis fascia is prolonged 
on these structures as the infundibuliform fascia. 

The abdominal inguinal ring (internal abdominal ring) is situated in 
the transversalis fascia, midway between the anterior superior iliac spine and 
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the symphysis pubis, and 1*25 cm. above the inguinal ligament. It is of 
an oval form, the long axis of the oval being vertical ; it varies in size 
in different subjects, and is much larger in the male than in the female. It is 
bounded above by the arched lower margin of the Trans versus, and medially 
by the inferior epigastric vessels. It transmits the spermatic cord in the male 
and the round ligament of the uterus in the female. From its circumference 
a thin funnel-shaped membrane, the infundibuliform fascia, is continued as a 
covering on the spermatic cord and testis. 

The inguinal canal contains the spermatic cord and the ilio-inguinal nerve 
in the male, and the round ligament of the uterus and the ilio-inguinal nerve in 
the female. It is an oblique canal about 4 cm. long, slanting downw ards and 
medialwards, and placed parallel with and a little above the inguinal ligament ; 
it extends from the abdominal inguinal ring to the subcutaneous inguinal ring. 
It is bounded in front by the integument, superficial fascia, and aponeurosis of 
the Obliquus externus throughout its whole length, and by the Obliquus interims 
in its lateral one-third ; behind by the reflected inguinal ligament, the inguinal 
aponeurotic falx, the transversalis fascia, the extraperitoneal connective tissue, 
and the peritoneum ; above by the arched fibres of the Obliquus interims and 
Transversus abdominis ; below by the union of the transversalis fascia with 
the inguinal ligament, and at its medial end by the lacunar ligament. 

The extraperitoneal connective tissue. — Between the inner . surface 
of the general layer of the fascia which lines the interior of the abdominal and 
pelvic cavities, and the peritoneum, there is a considerable amount of connec- 
tive tissue, termed the extraperitoneal or subperitoneal connective tissue. For 
descriptive purposes it may be divided into a parietal and a visceral portion. 

The parietal portion lines the cavity, and varies in quantity in different 
situations. It is especially abundant on the posterior Avail of the abdomen, 
and particularly around the kidneys, where it contains much fat. It is scanty 
on the anterolateral Avail of the abdomen, except in the pubic region and above 
the iliac crest ; there is a considerable amount in the pelvis. 

The visceral portion follows the course of the branches of the abdominal 
aorta betAveen the layers of the mesenteries and other folds of peritoneum 
which connect the viscera to the abdominal and pelvic Avails. 

2. The Posterior Muscles of the Abdomen 

Psoas major. Iliacus. 

Psoas minor. ' Quadrat us lumborum. 

The Psoas major, the Psoas minor, and the Iliacus, Avith the fasciae covering 
them are described Avith the muscles of the loAAur extremity (p. 530). 

The fascia covering the Quadratus lumborum is a thin layer attached, 
medially, to the bases of the transverse processes of the lumbar vertebrae ; 
below, to the iliolumbar ligament ; above, to the apex and loAver border of the 
last rib. The upper margin of this fascia, which extends from the transverse 
process of the first lumbar vertebra to the apex and loAA^er border of the last 
rib constitutes the lateral lumbocostal arch (p. 465). Laterally, the fascia 
blends Avith the layer of the lumbodorsal fascia, Avhich intervenes between 
the Quadratus lumborum and the Sacrospinalis. 

The Quadratus lumborum (fig. 546, p. 459) is irregularly quadrilateral in 
shape, and broader below than above. It arises by aponeurotic fibres from 
the iliolumbar ligament and the adjacent portion of the iliac crest for about 
5 cm., and is inserted into the loAA^er border of the last rib for about one-half its 
length, and by four small tendons into the apices of the transverse processes 
of the upper four lumbar vertebrae. Occasionally a second portion of this 
muscle is found in front of the preceding ; it arises from the upper borders of 
the transverse processes of the loAver three or four lumbar vertebrae, and is 
inserted into the loAver margin of the last rib. 

In front of the Quadratus lumborum are the colon, the kidney, the Psoas major 
et minor, and the Diaphragm ; between the fascia and the muscle are the twelfth 
thoracic, iliohypogastric, and ilio-inguinal nerves. 

Nerve-supply. — The Quadratus lumborum is supplied by the anterior divisions 
of the twelfth thoracic and upper three or four lumbar nerves. 
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Actions. — The Quadratus lumborum draws down the last rib, and acts as a 
muscle of inspiration by helping to fix the origin of the Diaphragm. If the thorax 
and vertebral column are fixed, it may act upon the pelvis, raising it towards its 
own side when only one muscle is put in action ; and when both muscles act together, 
either from below or above, they flex the trunk. 


V. The Muscles of the Pelvis 

Obturator internus. Levator ani. 

Piriformis. Coccygeus. 

The muscles within the pelvis may be divided into two groups : (1) the 
Piriformis and the Obturator internus, which are described with the muscles 
of the lower extremity (pp. 543, 544) ; (2) the Levator ani and the Coccygeus, 
which together form the pelvic diaphragm and are associated with the pelvic 
viscera. The classification of the two groups under a common heading is 
convenient in connexion with the fasciae investing the muscles. These fascia 
are closely related to one another and to the deep fascia of the perinaeum, and 
in addition are connected with the fascial coverings of the pelvic viscera ; it 
is customary therefore to describe them together under the term pelvic fascia. 


Pig. 562. — A coronal section through the pelvis, showing the arrangement of 
the fasciae. Posterior aspect. Diagrammatic. 



Pelvic fascia. — The fascia of the pelvis may be resolved into : (a) the 
fascial sheaths of the Obturator internus, Piriformis, and pelvic diaphragm ; 
(b) the fascial sheaths of the pelvic viscera (see section on Splanchnology). 

The fascia of the Obturator internus covers the pelvic surface of, and is 
attached round the margin of the origin of, the muscle. Above, it is connected 
to the posterior part of the arcuate line, and is there continuous with the iliac 
fascia. In front of this, as it follows the fine of origin of the Obturator internus, 
it gradually separates from the iliac fascia, and the continuity between the two 
is retained only through the periosteum. It arches beneath the obturatoi 
vessels and nerve, completing the obturator canal, and at the front of the pelvis 
is attached to the back of the superior ramus of the os pubis. The lower part 
of the obturator fascia forms the lateral wall of the ischiorectal fossa, and is 
attached interiorly to the falciform process of the sacrotuberous ligament and 
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to the pubic arch ; at the pubic arch it is continuous with the superior fascia 
of the urogenital diaphragm. Behind, it is prolonged into the glutseal region. 

The internal pudendal vessels and pudendal nerve are placed in the lateral 
wall of the ischiorectal fossa, and are enclosed in a special sheath of the fascia, 
named Alcock’s canal . 

The fascia of the Piriformis is very thin and is attached to the front of the 
sacrum around the margins of the anterior sacral foramina ; it is prolonged on 
the muscle into the glutseal region. At its sacral attachment it comes into 


Pig. 563. — A median sagittal section through the pelvis, shoving the arrangement 
of the fascise. Diagrammatic. 



intimate association with and ensheathes the nerves emerging from these 
foramina ; hence the sacral nerves are frequently described as lying behind the 
fascia. The internal iliac vessels and their branches, on the other hand, he in 
the subperitoneal tissue in front of the fascia, and the branches of these vessels 
to the glutseal region emerge in special sheaths of this tissue, above and below 
the Piriformis muscle. 

The diaphragmatic part of the pelvic fascia (fig. 562) covers both surfaces of 
the Levatores ani. That on the inferior surface of the muscle is very thin, and 
known as the anal fascia ; it forms the medial wall of the ischiorectal fossa, 
and is attached above to the obturator fascia along the line of origin of the 
Levator ani ; it is continuous below with the superior fascia of the urogenital 
diaphragm, and with the fascia on the Sphincter ani externus. The layer 
covering the upper surface of the Levator ani follows, above, the line of origin 
of the muscle, and is therefore somewhat variable. In front it is attached to 
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the back of the symphysis pubis about 2 cm. above its lower border, and can 
be traced lateralwards across the back of the superior ramus of the os pubis 
for a distance of 1*25 cm., when it reaches the obturator fascia. It is attached 
to this fascia along a line which pursues a somewhat irregular course to the 
spine of the ischium. The irregularity of this line is explained by the fact that 
the origin of the Levator ani, which in lower mammals is from the pelvic brim, 


Fig. 564. — The left Levator ani. Pelvic aspect. 



is in man lower down, on the obturator fascia, but tendinous fibres of origin 
of the muscle are often found extending up towards, and in some cases reaching, 
the pelvic brim, and on these the fascia is carried. The lower margin of the 
fascia covering the upper surface of the pelvic diaphragm is attached along 
the line of insertion of the Levator ani. The fascia covering that- part of the 
Obturator internus which lies above the origin of the Levator ani is therefore 
a composite structure and includes, (a) the obturator fascia, ( b ) the fascia of 
the Levator ani, and (c) the degenerated fibres of origin of the Levator ani. 

At the level of a line extending from the lower part of the symphysis pubis 
to the spine of the ischium is a thickened whitish band in this upper layer of 
the diaphragmatic part of the pelvic fascia. It is termed the tendinous arcs 
or white line of the pelvic fascia, and marks the line of attachment of the lateral 
true ligament of the urinary bladder. Anteriorly the fascia forms two thickened 
bands, the puboprostatic ligaments , one on either side of the middle line. 
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The Levator ani (fig. 564) is a broad, thin muscle ; it is attached to the 
inner surface of the side of the lesser pelvis, and unites with its fellow of the 
opposite side to form the greater part of the floor of the pelvic cavity. It 
arises, in front, from the pelvic surface of the superior ramus of the os pubis 
lateral to the symphysis ; behind, from the inner surface of the spine of the 
ischium ; and between these two points, from the obturator fascia. Posterior^ 
this origin from the obturator fascia corresponds, more or less closely, with the 
tendinous arch or white line of the pelvic fascia, but in front, the muscle arises 
from the fascia at a varying distance above the arch, in some cases reaching 
nearly as high as the canal for the obturator vessels and nerve. The fibres pass 
downwards and backwards to the middle line of the floor of the pelvis ; the 
posterior fibres are inserted into the side of the last two segments of the coccyx 
and into a median fibrous raphe ( anococcygeal raphe), which extends between the 
coccyx and the margin of the anus. The middle fibres are inserted into the side 
of the anal canal, blending with those of the Sphincter ani muscles ; the anterior 
fibres descend upon the side of the prostate to unite beneath it with the muscle 
of the opposite side, joining with the fibres of the Sphincter ani externus 
and Transversus perinsei superficialis at the central tendinous point of the 
perinseum. 

The anterior portion is occasionally separated from the rest of the muscle 
by connective tissue. From this circumstance, as well as from its peculiar 
relation with the prostate, winch it supports as in a sling, it has been described 
as a distinct muscle, under the name of Levator prostatce. In the female the 
anterior fibres of the Levator ani descend upon the side of the vagina. 

The Levator ani may be divided into Iliococcygeus and Pubococcygeus. 

The Iliococcygeus arises from the ischial spine and from the posterior part of the ten- 
dinous arch of the pelvic fascia, and is attached to the coccyx and anococcygeal raphe; it 
is usually thin, and may fail entirely or be largely replaced by fibrous tissue. An acces- 
sory slip at its posterior part is sometimes named the Iliosacralis. The Pubococcygeus 
arises from the back of the os pubis and from the anterior part of the obturator fascia, and 
is directed backwards almost horizontally along the side of the anal canal. Between the 
coccyx and the anal canal the Puboeoecygei come together and form a thick, fibro- 
muscular layer lying on the raphe formed by the Iliococcygei. The fibres wdiieh form a 
s lin g for the rectum are named the Puborectalis or Sphincter recti ; they rise from 
the lower part of the symphysis pubis, and from the superior fascia of the urogenital 
diaphragm ; they meet with the corresponding fibres of the opposite side around the lower 
part of the rectum, and form for it a strong sling. 

Symington* suggests that the Pubococcygeus should be named Pubo-analis , as it is 
doubtful if any of its fibres reach the coccyx. 

Relations. — The upper or pelvic surface of the Levator ani is in relation with the 
diaphragmatic part of the pelvic fascia which separates it from the bladder, prostate, 
rectum, and peritoneum. Its lower or perincsal surface forms the medial boundary of the 
ischiorectal fossa, and is covered by the inferior layer of the diaphragmatic part of the 
pelvic fascia ( anal fascia ). Its posterior border is free and separated from the Coccygeus 
muscle by areolar tissue. Its anterior border is separated from, the muscle of the opposite 
side by a triangular space, through which the urethra, and in the female the urethra and 
vagina, pass from the pelvis. 

Nerve-supply. — The Levator ani is supplied by a branch from the fourth sacral 
nerve and by a branch which arises either from the perinseal, or from the inferior 
haemorrhoidal, division of the pudendal nerve. 

Actions. — The Levatores ani constrict the lower end of the rectum and vagina. 
Together with the Coccygei they form a muscular diaphragm which supports the 
pelvic viscera. 

The Coccygeus (fig. 564) is situated behind the Levator am. It is a trian- 
gular plane of muscular and tendinous fibres, arising by its apex from the 
spine of the ischium and from the sacrospinous ligament, and inserted by its 
base into the margin of the coccyx and into the side of the lowest piece of 
the sacrum. It assists the Levator ani and Piriformis in closing the posterior 
part of the outlet of the pelvis. 

Nerve-supply. — The Coccygeus is supplied by a branch from the fourth and 
fifth sacral nerves. 

Actions.— The Coccygei pull forward and support the coccyx, after it has been 
pressed backwards during def sedation or parturition. 

* Journal of Anatomy and Physiology , vol. xlvi. 
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Applied Anatomy . — Injury to the muscles forming the pelvic diaphragm occurs not 
infrequently during parturition. Where the damage is considerable or in cases where the 
muscles are weak the Levatores ani fail to act as efficient supports and prolapse of the 
uterus results ; in severe cases the ovaries, bladder and rectum may also prolapse. 


VI. The Muscles of the Perinjeum 

The perineum corresponds to the outlet of the pelvis. Its deep boundaries 
are — in front, the pubic arch and the arcuate pubic ligament ; behind, the 
tip of the coccyx ; and on either side the inferior rami of the os pubis and 
ischium, the ischial tuberosity, and the sacrotuberous ligament. The space 
is somewhat lozenge-shaped and is limited on the surface of the body by the 
scrotum in front, by the buttocks behind, and by the medial sides of the 
thighs laterally. A line drawn transversely in front of the ischial tuberosities 
divides the space into two portions. The posterior contains the termination 
of the anal canal, and is known as the anal region ; the anterior contains 
the external urogenital organs, and is termed the urogenital region. 

The muscles of the perinseum may therefore be divided into two groups : 

1. Those of the anal region. 

2. Those of the urogenital region : a, In the male ; b, In the female. 


1. The Muscles oe the Anal Region 
Corrugator cutis ani. Sphincter ani externus. Sphincter ani internus. 

The superficial fascia is very thick, areolar in texture, and contains much 
fat in its meshes. On either side a pad of fatty tissue extends deeply between 
the Levator ani and Obturator internus into a space known as the ischiorectal 
fossa . 

The deep fascia forms the lining of the ischiorectal fossa ; it comprises 
the anal fascia, and the portion of obturator fascia below the origin of 
Levator ani. 

Ischiorectal fossa . — The fossa is somewhat prismoid in shape, with its base 
directed to the surface of the perinseum, and its apex at the line of meeting 
of the obturator and anal fasciae. It is bounded medially by the Sphincter 
ani externus and the anal fascia ; laterally, by the tuberosity of the ischium 
and the obturator fascia ; anteriorly, by the fascia of Colies covering the 
Transversus perinafi superficialis, and by the fascia of the urogenital diaphragm ; 
posteriorly, by the Glutseus maximus and the sacrotuberous ligament. Crossing 
the space transversely are the inferior hsemorrhoidal vessels and nerves ; at 
the posterior part are the perinaeal and perforating cutaneous branches of 
the pudendal plexus ; while from the anterior part the posterior scrotal (or 
labial) vessels and nerves emerge. The internal pudendal vessels and pudendal 
nerve lie on the lateral wall of the fossa, in Alcock’s canal (p. 483). The fossa 
is filled with fatty tissue, across which numerous fibrous bands extend. 

Applied Anatomy . — Abscess in the ischiorectal fossa commonly occurs ; it may bulge 
at the side of the anus, at the border of Glutseus maximus, or against the rectal wall. There 
ft is great pain on defecation. On examining the bowel, fullness on the side of the abscess 
*may be detected. If left to itself the pus will find exit through the skin, or into the anal 
canal between the two Sphincters ; and the condition will degenerate into one of the 
varieties of fistula, owing to the Sphincter ani externus closing the outlet of the abscess, 
and so causing the pus to track and burrow widely into the soft fat in the fossa, and also 
in the subcutaneous tissues. To open an ischiorectal abscess an incision should be made 
tangential to the anus over the region of the ischiorectal fossa, and should then be con- 
verted into a T, by making a second incision laterally at right angles to it, so that the 
wound may be kept open and may heal up from the bottom. Frequently, however, in 
spite of care, a fistula ensues which requires division of the Sphincter ani externus for its 
cure. 

The Corrugator cutis ani. — Around the anus is a thin stratum of involun- 
tary muscular fibres which radiate from the anal orifice. Medially the fibres 
fade off into the submucous tissue ; laterally they blend with the true skin. 
When the muscle contracts the skin around the anus is raised into ridges. 



THE MUSCLES OF THE UROGENITAL REGION * 


487 


The Sphincter ani externus (figs. 565, 567) is a flat sheet of muscular 
fibres, elliptical in shape and intimately adherent to the skin surrounding the 
anus. It measures from 8 to 10 cm. in length and is about 2*5 cm. in width 
opposite the anus. It consists of two portions, superficial and deep. The 
superficial portion constitutes the chief part of the muscle, and arises from a 
narrow tendinous band, the anococcygeal raphe , which stretches from the tip 
of the coccyx to the posterior margin of the anus ; it forms two flattened 
sheets of muscular tissue, which encircle the anus and meet in front to be inserted 
into the central tendinous point of the perinseum, joining with the Trans versus 
perinsei super ficialis, the Levator ani, and the Bulbocavernosus. The deep 
portion forms a complete sphincter to the anal canal. Its fibres surround 
the canal, closely applied to the Sphincter ani internus, and in front blend 
with the other muscles at the central point of the perinseum. In a considerable 
proportion of cases the fibres decussate in front of the anus, and are continuous 
with the Transversi perinsei superficiales. Posteriorly, they are not attached 
to the coccyx, but are continuous with those of the opposite side behind the 
anal canal. The upper edge of the muscle is ill-defined, since fibres are given 
off from it to join the Levator ani. 

Nerve-suppiy, — The Sphincter ani externus is supplied by a branch from the 
fourth sacral nerve and by twigs from the inferior hemorrhoidal branch of the 
pudendal nerve. 

Actions. — The action of the Sphincter ani externus is peculiar. 1 . It is normally 
in a state of tonic contraction, and having no antagonistic muscle it keeps the anal 
canal and orifice closed. 2. It can be put into a condition of greater contraction under 
the influence of the will, so as more firmly to occlude the anal aperture. 3. Taking 
its fixed point at the coccyx, it helps to fix the central point of the perinseum. 

The Sphincter ani internus is a muscular ring which surrounds about 
2*5 cm. of the anal canal ; its inferior border is in contact with, but distinct 
from, the Sphincter ani externus. It is about 5 mm. thick, and is formed by 
an aggregation of the involuntary circular fibres of the intestine. Its lower 
border is about 6 mm. from the orifice of the anus. 

Actions. — Its action is entirely involuntary. It helps the Sphincter ani externus 
to occlude the anal aperture. 


2. a. The Muscles oe the Urogenital Region in the Male (fig. 565) 

Trans versus perinsei superficialis. Ischiocavernosus. 

Bulbocavernosus. Trans versus perinsei profundus. 

Sphincter urethrse membranacese. 

The superficial fascia of this region consists of two layers, superficial 
and deep. ■ . 

The superficial layer is thick, loose, areolar in texture, and contains a variable 
amount of fat in its meshes. In front, it is continuous with the dartos tunic 
of the scrotum ; behind, with the subcutaneous areolar tissue surrounding 
the anus ; and, on either side, with the same fascia on the medial sides of the 
thighs. In the middle line, it is adherent to the skin and to the deep layer 
of the superficial fascia. . . 

The deep layer of superficial fascia (fascia of Colles) (fig. 563) is thin, apo» 
neurotic in structure, and of considerable strength, serving to hind down the 
muscles of the root of the penis. It is continuous, in front, with the dartos 
tunic, the deep fascia of the penis, the fascia of the spermatic cord, and Scarpa s 
fascia upon the anterior wail of the abdomen ; on either side it is attached to 
the margins of the rami of the os pubis and ischium, lateral to the crus penis 
and as far back as the tuberosity of the ischium ; posteriorly, it curves round 
the Transversi perinsei superficiales to join the posterior margin of the inferior 
fascia of the urogenital diaphragm. In the middle line, it is connected with 
the superficial fascia and with the median septum of the Bulbocavernosus, 
At its posterior part this fascia sends upwards from its deep surface a median 
septum, which incompletely divides the posterior portion of the subjacent space. 

The central tendinous point of the perinceum . — This is a fibrous point in 
the middle line of, the perinseum about 1*25 cm. in front of the anus, and 
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close to the urethral bulb. Towards this point six muscles converge and 
are attached : viz. the Sphincter ani externus, the Bulbocavernosus, the 
two Transversi perinsei super ficiales, and the anterior fibres of the two 
Le vat ores ani. 

The Transversus perinsei superficialis is a narrow muscular slip, which 
passes more or less transversely across the perinseal space in front of the anus. 
It is often feebly developed, and is sometimes absent. It arises by tendinous 


Tig. 565. — The muscles of the male perinseum. 



fibres from the medial and anterior part of the tuberosity of the ischium, and, 
running mediahvards, is inserted into the central tendinous point of the 
perinseum, joining in this situation with the muscle of the opposite side, with 
the Sphincter ani externus behind, and with the Bulbocavernosus in front. In 
some cases, the fibres of the deeper layer of the Sphincter ani externus decussate 
in front of the anus and are continued into this muscle. Occasionally it gives 
off fibres which join with the Bulbocavernosus of the same side. 

Nerve-supply. — The Transversus perinsei superficialis is supplied by the perinseal 
branch of the pudendal nerve. 

Action. — The simultaneous contraction of the two Transversi perinsei superfi- 
ciales serves to fix the central tendinous point of the perinseum. 
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The Bulbocavernosus (Ejaculator urinse) is placed in the middle line of the 
perinseum, in front of the anus, and consists of two symmetrical parts, united 
by a median tendinous raphe. It arises from this median raphe and the central 
tendinous point of the perinseum. Its fibres diverge like the barbs of a quill- 
pen ; the most posterior form a thin layer, which is lost on the inferior fascia 
of the urogenital diaphragm ; the middle fibres encircle the bulb and adjacent 
parts of the corpus cavernosum urethrse, and are inserted into a strong 
aponeurosis on the upper part of the corpus cavernosum urethrae ; the anterior 
fibres spread out over the side of the corpus cavernosum penis, to be inserted 
partly into that body, anterior to the Ischiocavernosus, and partly into a 
tendinous expansion which covers the dorsal vessels of the penis. 

Nerve-supply. — The Bulbocavernosus is supplied by the perinaeal branch of the 
pudendal nerve. 

Actions.— The Bulbocavernosus serves to empty the canal of the urethra, after 
the bladder has expelled its contents ; during the greater part of the act of micturition 
its fibres are relaxed, and they only come into action at the end of the process. 
The middle fibres are supposed by Krause to assist in the erection of the corpus 
-cavernosum urethrae, by compressing the erectile tissue of the bulb. The anterior 
fibres, according to Tyrrel, also contribute to the erection of the penis by compressing 
the deep dorsal vein of the penis, as their tendinous expansion is inserted into, and 
is continuous with, the fascia of the penis. 

The Ischiocavernosus (Erector penis) covers the crus penis. It arises 
by tendinous and fleshy fibres from the inner surface of the tuberosity of the 
ischium, behind the crus penis ; and from the inferior ramus of the ischium 
on either side of the crus. The muscular fibres end in an aponeurosis which 
is inserted into the sides and under surface of the crus penis. 

Nerve-supply. — The Ischiocavernosus is supplied by the perinaeal branch of the 
pudendal nerve. 

Action. — The Ischiocavernosus compresses the-crus penis, and retards the return 
of the blood through the veins, and thus serves to maintain the penis erect. 

Between the muscles just examined a triangular space exists, bounded medially 
by the Bulbocavernosus, laterally by the Ischiocavernosus, and behind by the 
Transversus perinaei superficialis ; the floor is formed by the inferior fascia of 
the urogenital diaphragm. Running from behind forwards in the space are the 
posterior scrotal vessels and nerves, and the perinaeal branch of the posterior femoral 
•cutaneous nerve ; the transverse perinaeal artery courses along its posterior boundary 
on the Transversus perinaei superficialis. 

The deep fascia of the urogenital region forms an investment for the 
Transversus perinaei profundus and the Sphincter urethrae membranaceae, but 
within it there are also the deep vessels and nerves of this part, the whole forming 
a transverse septum which is known as the urogenital diaphragm. From its 
shape this part of the deep fascia is sometimes termed the triangular ligament , 
and it is stretched almost horizontally across the pubic arch, so as to close the 
anterior part of the pelvic outlet. It consists of two membranous laminae 
(fig. 566), which are united at the free edges of the muscles. The stronger and 
more superficial of these laminae is named the inferior fascia of the urogenital 
diaphragm (superficial layer of the triangular ligament). Its base, directed 
backwards, is connected to the central tendinous point of the perinseum and is 
continuous with the anal fascia, and, behind the Transversus perinaei super- 
ficialis, with the deep layer of the superficial fascia. Its lateral margins are 
attached to the inferior rami of the os pubis and ischium, above the crus 
penis. Its apex, directed forwards is thickened to form the transverse ligament 
of the pelvis ; between this ligament and the arcuate pubic ligament the deep 
dorsal vein of the penis (or clitoris) enters the pelvis. It is perforated, from 
2 to 3 cm. below the symphysis pubis, by the urethra, the aperture for which 
is circular and about 6 mm. in diameter ; by the arteries and nerves to the 
bulb and the ducts of the bulbo-urethral glands close to the urethra ; by 
the deep arteries of the penis, one on either side close to the pubic arch and 
about halfway along the attached margin of the fascia ; by the dorsal arteries 
and nerves of the penis near the apex of the fascia. Its base is also perforated 
by the posterior scrotal vessels and nerves, while between its apex and the 
arcuate pubic ligament the deep dorsal vein of the penis passes upwards into 
the pelvis. 

G. A. Q 2 
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If the inferior fascia of the urogenital diaphragm be detached, the following 
structures will be seen between it and the superior fascia : the membranous 
portion of the urethra, the Transversus perinsei profundus and Sphincter 
urethrae membranaeeae, the bulbo-urethral glands and their ducts, the pudendal 
vessels and dorsal nerves of the penis, the arteries and nerves of the urethral 
bulb, and a plexus of veins. 


Tig. 566. — A coronal section through the anterior part of the pelvis. 
Anterior aspect. Diagrammatic. 



The superior fascia of the urogenital diaphragm (deep layer of the triangular 
ligament) is continuous with the obturator fascia and stretches across the pubic 
arch. If the obturator fascia be traced medialwards after leaving the Obturator 
intemus muscle, it will be found attached by some of its anterior fibres to 
the inner margin of the pubic arch, while its posterior fibres pass over this 
attachment to become continuous with the superior fascia of the urogenital 
diaphragm. Behind, this layer of the fascia blends with the inferior fascia 
of the urogenital diaphragm and with the fascia of Colies; in front it is con- 
tinuous with the fascial sheath of the prostate, and is fused with the inferior 
fascia. 

The Transversus perinsei profundus arises from the inferior rami of 
the ischium and runs to the median line, where it interlaces in a tendinous 
raphe with its fellow of the opposite side. It lies in the same plane as the 
Sphincter urethrae membranaeeae ; formerly the two muscles were described 
together as the Constrictor urethra. 

, Nerve-supply. — The Transversus perinsei profundus is supplied by the perinaeal 
branch of the pudendal nerve. 

Action. — The Transversus perinsei profundus is a tensor of the central point of 
the perinaeum. 

The Sphincter urethrae membranaeeae ■ surrounds the membranous 
portion of the urethra, and is enclosed in the fascia of the urogenital dia- 
phragm. Its external fibres arise from the junction of the inferior rami of the 
os pubis and ischium, to the extent of 1*25 or 2 cm., and from the neighbouring 
fasciae. They arch across the front of the urethra and bulbo-urethral glands, 
pass round the urethra, and behind it unite with the muscle of the opposite 
side, by means of a tendinous raphe. Its innermost fibres form a continuous 
circular investment for the membranous urethra. 
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Nerve-supply * — The Sphincter urethrse membranacese is supplied by the perinseal 
branch of the pudendal nerve. 

Actions. — The muscles of both sides act together as a sphincter, compressing 
the membranous portion of the urethra. During micturition they, like the Bulbo- 
cavernosus, are relaxed, and only come into action at the end of the process to 
eject the last drops of urine. 


2. b. The Muscles of the Ubogenital Region in the Female (fig. 567) 

Transversus perinsei superficialis. Ischioeavernosus. 

Bulbocavernosus. Transversus perinsei profundus. 

Sphincter urethrse membranacese. 

The Transversus perinaei superficialis in the female is a narrow muscular 
slip, which arises by a small tendon from the inner and fore part of the 
tuberosity of the ischium, and is inserted into the central tendinous point of 
the perinseum, joining in this situation with the muscle of the opposite side, 
the Sphincter ani externus behind, and the Bulbocavernosus in front. 

Fig. 567. — The muscles of the female perinseum. (Modified from a drawing by 

Peter Thompson.) 


Clitoris 



Sphincter ani externus 


Nerve-supply. — The Transversus perinsei superficialis is supplied by the perinseal 
branch of the pudendal nerve. 

Action. — The simultaneous contraction of the two Transversi perinsei super- 
ficiales serves to fix the central tendinous point of the perinseum. 

The Bulbocavernosus (Sphincter vaginae) surrounds the orifice of the 
vagina. It covers the lateral parts of the vestibular bulbs, and is attached 
posteriorly to the central tendinous point of the perinseum, where it blends 
with the Sphincter ani externus. Its fibres pass forwards on either side of the 
vagina, to be inserted into the corpora cavernosa clitoridis, a fasciculus crossing 
over the body of the clitoris so as to compress the deep dorsal vein. 
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Nerve-supply. — The Bulbocavernosus is supplied by the perinseal branch of 
the pudendal nerve. 

Actions. — The Bulbocavemosus diminishes the orifice of the vagina. The 
anterior fibres contribute to the erection of the clitoris by the compression of its 
deep dorsal vein. 

The Ischiocavernosus (Erector clitoridis), smaller than the corresponding 
muscle in the male, covers the unattached surface of the crus clitoridis. It 
arises by tendinous and fleshy fibres from the inner surface of the tuberosity 
of the ischium, behind the crus clitoridis ; from the surface of the crus ; and 
from the adjacent portion of the ramus of the ischium. The muscular fibres 
end in an aponeurosis which is inserted into the sides and under surface of 
the crus clitoridis. 

Nerve-supply. — The Ischiocavernosus is supplied by the perinaeal branch of the 
pudendal nerve. 

Actions. — The Ischiocavernosus compresses the crus clitoridis and retards the 
return of blood through the veins, and thus serves to maintain the clitoris erect. 

The fascia of the urogenital diaphragm in the female is weaker than that in 
the male, and is divided by the aperture of the vagina, with the external coat 
of which it blends. As in the male, it consists of two layers ; between these 
are the following structures : a portion of the urethra, the Trans versus perinsei 
profundus and Sphincter urethrse membranaeese muscles, the greater vestibular 
glands and their ducts, the internal pudendal vessels, the dorsal nerves of the 
clitoris, the arteries and nerves of the bulbi vestibuli, and a plexus of veins. 

The Transversus perinaei profundus arises from the inferior rami of the 
ischium and runs across to the side of the vagina. 

Nerve-supply. — The Transversus perinsei profundus is supplied by the pexinaeal 
branch of the pudendal nerve. 

Action. — The Transversus perinaei profundus helps to fix the central tendinous 
point of the perinseum. 

The Sphincter urethrse membranaceae, like the corresponding muscle in 
the male, consists of external and internal fibres. The external fibres arise on 
either side from the margin of the inferior ramus of the os pubis. They are 
directed across the pubic arch in front of the urethra, and pass round it to 
blend with the muscular fibres of the opposite side, between the urethra and 
vagina. The innermost fibres encircle the lower end of the urethra. 

Nerve-supply. — The Sphincter urethrae membranaceae is supplied by the 
perinaeal branch of the pudendal nerve. 

Actions. — The muscles of the two sides act as a constrictor of the urethra and 
slightly of the vagina. 


THE EASG IM AND MUSCLES OE THE UPPER EXTREMITY 

The muscles of the upper extremity are divisible into the following groups : 

I. Muscles connecting the upper extremity with the vertebral column. 

II. Muscles connecting the upper extremity with the anterior and lateral 
thoracic walls. 

III. Muscles of the shoulder. IV. Muscles of the arm. 

V. Muscles of the forearm. VI. Muscles of the hand. 


I. The Muscles connecting the Upper Extremity with the Vertebral 

Column 

Trapezius. Rhomboideus major. 

Latissimus dorsi. Rhomboideus minor. 

Levator scapulae. 

The superficial fascia of the back forms a layer of considerable thickness 
and strength, and contains a quantity of granular fat. It is continuous with 
the general superficial fascia. 
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The deep fascia is a dense fibrous layer, attached above to the superior 
nuchal line of the occipital bone ; in the middle line it is fixed to the ligamentum 
nuchse and supraspinal ligament, and to the spinous processes of all the vertebrse 
below the seventh cervical ; laterally, in the neck it is continuous with the 
fascia colli ; over the shoulder it is attached to the spine of the scapula and to 
the acromion, and is continued downwards over the Ueltoideus to the arm ; on 
the thorax it is continuous with the deep fascia of the axilla and chest, and 
on the abdomen with that covering the abdominal muscles ; below, it is attached 
to the crest of the ilium. 

The Trapezius (fig. 568) is a flat, triangular muscle, covering the back of 
the neck and shoulder. It arises from the medial one-third of the superior 
nuchal line of the occipital bone, the external occipital protuberance, the 
ligamentum nuchse, the spinous process of the seventh cervical, and the spinous 
processes of all the thoracic vertebrae, and the corresponding portion of the 
supraspinal ligament. The superior fibres proceed downwards and lateral-wards, 
the inferior upwards and lateral wards, and the middle horizontally ; the superior 
fibres are inserted into the posterior border of the lateral one-third of the 
clavicle ; the middle fibres into the medial margin of the acromion and the 
superior lip of the posterior border of the spine of the scapula ; the inferior 
fibres converge and end in an aponeurosis, which glides over the smooth tri- 
angular surface on the medial end of the spine of the scapula, and is inserted 
into a tubercle at the apex of this smooth triangular surface. The upper 
part of the Trapezius is connected to the occipital bone by a thin fibrous lamina, 
firmly adherent to the skin ; the middle part arises by a broad semi-elliptical 
aponeurosis, which reaches from the sixth cervical to the third thoracic vertebra ; 
the lower part arises by short tendinous fibres. The tw T o Trapezius muscles 
together resemble a trapezium, or quadrangle ; two angles corresponding 
to the shoulders ; a third to the occipital protuberance ; and the fourth to 
the spinous process of the twelfth thoracic vertebra.* 

The clavicular insertion of this muscle varies in extent ; it sometimes 
reaches as far as the middle of the clavicle, and occasionally blends with or 
overlaps the posterior edge of the Sternocleidomastoideus. 

Nerve-supply. — The Trapezius is supplied by the accessory nerve and by 
branches from the third and fourth cervical nerves. 

Actions. — The Trapezius retracts the scapula and braces back the shoulders. If 
the head be fixed the upper fibres elevate the point of the shoulder ; the middle and 
lower fibres rotate the scapula so as to raise the point of the shoulder. When the 
shoulder is fixed the Trapezius draws the head backwards and lateral wards. . 

The Latissimus dor si (fig. 568) is a large triangular, flat muscle, -which 
covers the lumbar region and the lower one-half of the thoracic region ; but its 
fibres converge to a narrow tendon of insertion. It arises by tendinous fibres 
from the spinous processes of the lower six thoracic vertebrae in front of the 
Trapezius, and from the posterior layer of the lumbodorsal fascia (p. 457), by 
which it is attached to the spines of the lumbar and sacral vertebrse, to the 
supraspinal ligament, and to the posterior part of the crest of the ilium. In 
addition, it arises by muscular fibres from the external lip of the crest of the 
ilium lateral to the margin of the Sacrospinalis, and from the three or four 
lower ribs by fleshy digitations which are interposed between similar processes 
of the Obliquus abdominis externus (fig. 550). From this extensive origin 
the fibres pass in different directions, the upper ones horizontally, the middle 
obliquely upwards, and the lower almost vertically upwards, so as to converge 
and form a thick fasciculus, the upper part of which crosses, and usually 
receives a few fibres from, the inferior angle of the scapula. The muscle 
curves around the lower border of the Teres major, and is twisted upon itself, 
so that the superior fibres become at first posterior and then inferior, and the 
ascending fibres at first anterior and then superior. It ends in a quadrilateral 
tendon, about 7 cm. long, which passes in front of the tendon of the Teres 
major, and is inserted into the bottom of the intertubercular sulcus of the 
humerus, giving an expansion to the deep fascia of the arm ; its insertion 
extends higher on the humerus than that of the tendon of the Pectoralis major. 
The lower border of its tendon is united with that of the Teres major, the 

* The two muscles cover the back of the neck and shoulders like a monk’s cowl, and therefore 
the Trapezius is sometimes termed the Musculus cucullaris . 
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surfaces of the two tendons being separated near their insertions by a bursa ; 
another bursa is sometimes interposed between the muscle and the inferior 
angle of the scapula. 

A muscular slip, the axillary arch , varying from 7 to 10 cm. in length, and from 5 to 
15 mm. in breadth, occasionally springs from the upper edge of the Latissimus dorsi 
about the middle of the posterior fold of the axilla, and crosses the axilla in front of the 
axillary vessels and nerves, to join the under surface of the tendon of the Pectoralis 
major, the Coracobrachialis, or the fascia over the Biceps brachii. This axillary arch 
crosses the axillary artery, just above the spot usually selected for the application of a 
ligature, and may mislead the surgeon during the operation. It is present in about 
seven per cent, of subjects and may be easily recognised by the direction of its fibres. 

A fibrous slip usually passes from the lower border of the tendon of the Latissimus 
dorsi, near its insertion, to the long head of fche Triceps brachii. This is occasionally 
muscular, and is the representative of the Dorso-epitrochlea ?'is brachii of apes. 

Nerve-supply. — The Latissimus dorsi is supplied by the sixth, seventh and 
eighth cervical nerves through the thoracodorsal (long subscapular) nerve. 

Actions. — The Latissimus dorsi depresses the humerus, draws it backwards, 
and rotates it inwards. If the arm be fixed, the muscle may elevate the lower ribs 
in forced inspiration ; when both arms are fixed it helps to pull the trunk upwards 
and forwards as in climbing. 

The lower part of the lateral margin of the Latissimus dorsi is separated from 
the posterior free border of the Obliquus externus abdominis by a small triangular 
interval, the lumbar triangle (of Petit), the base of which is formed by the iliac crest, 
and its floor by the Obliquus internus abdominis (fig. 568). Another triangle, 
known as the triangle of auscultation , is situated behind the scapula. It is bounded 
above by the Trapezius, below by the Latissimus dorsi, and laterally by the 
vertebral border of the scapula ; the floor is partly formed by the Rhomboideus 
major. If the scapula be drawn forwards by folding the arms across the chest, 
and the trunk bent forwards, parts of the sixth and seventh ribs and the interspace 
between them become subcutaneous and available for auscultation of the lung. 

The Rhomboideus major (fig. 568) arises by tendinous fibres from the 
spinous processes of the second, third, fourth, and fifth thoracic vertebrae and 
the supraspinal ligament. The fibres of the muscle are directed downwards 
and lateralwards and are inserted into the vertebral border of the scapula 
between the triangular surface of the root of the spine and the inferior angle. 
Usually the insertion is an indirect one, the muscular fibres ending in a tendinous 
band which is fix ed at its ends to the two points mentioned and joined to the 
vertebral border by a thin membrane ; occasionally the arch is incomplete, 
and some of the muscular fibres are then inserted directly into the scapula. 

Nerve-supply. — The Rhomboideus major is supplied by the fifth cervical through 
the dorsal scapular nerve. 

Actions. — The Rhomboideus major retracts the scapula, and rotates it so that 
the inferior angle is carried backwards and upwards. 

The Rhomboideus minor (fig. 568) arises from the lower part of the liga- 
mentum nuchse and from the spinous processes of the seventh cervical and 
first thoracic vertebrse ; it is inserted into the base of the triangular smooth 
surface at the root of the spine of the scapula. It is usually separated from the 
Rhomboideus major by a slight interval, but the adjacent margins of the two 
muscles are occasionally united. 

Nerve-supply. — The Rhomboideus minor is supplied by the fifth cervical nerve 
through the dorsal scapular nerve. 

Action. — The Rhomboideus minor draws the scapula backwards, upwards and 
medial wards. 

The Levator scapulae (fig. 568) is situated at the back and side of the neck. 
It arises by tendinous slips from the transverse processes of the atlas and 
epistropheus and from the posterior tubercles of the transverse processes of the 
third and fourth cervical vertebrse. It is inserted into the vertebral border 
of the scapula, between the medial angle and the triangular smooth surface 
at the root of the spine. 

Nerve-supply.— The Levator scapulae is supplied directly by branches from the 
third and fourth cervical nerves, and by a branch from the fifth cervical nerve 
through the dorsal scapular nerve. 
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Actions. — If the cervical part of the vertebral column be fixed, the Levator 
scapulae raises the medial angle of the scapula ; this produces a rotation of the 
scapula by which the point of the shoulder is depressed. If the shoulder be fixed* 
the muscle inclines the neck to the same side. 


II. The Muscles connecting the Upper Extremity with the Anterior 
and Lateral Thoracic Walls 

Pect oralis major. Subclavius. 

Pectoralis minor. Serratus anterior. 

The superficial fascia of the anterior thoracic region is continuous with 
that of the neck and upper extremity above, and of the abdomen below. It 
encloses the mamma and gives off numerous septa which pass into the gland to 
support its various lol^es. From the fascia over the front of the mamma, fibrous 
processes pass forwards to the integument and mammary papilla ; these were 
called by Sir A. Cooper the ligamenta suspensoria. 

The pectoral fascia is a thin lamina, covering the surface of the Pectoralis 
major, and sending numerous prolongations between its fasciculi ; it is attached, 
in the middle line, to the front of the sternum ; above, to the clavicle ; laterally 
and below, it is continuous with the fascia of the shoulder, axilla, and thorax. 
It is very thin over the upper part of the Pectoralis major, but thicker in the 
interval between it and the Latissimus dorsi, where it closes in the axillary 
space and forms the axillary fascia ; this divides at the lateral margin of the 
Latissimus dorsi into two layers, one of which passes in front of, and the other 
behind this muscle ; these proceed as far as the spinous processes of the thoracic 
vertebrae, to which they are attached. As the fascia leaves the lower edge of 
the Pectoralis major to cross the floor of the axilla it sends a layer upwards 
under cover of the muscle ; this lamina splits to envelop the Pectoralis minor, 
and at the upper edge of this muscle is continuous with the coracoclavicular 
fascia. The hollow of the armpit, seen when the arm is abducted, is produced 
mainly by the traction of this fascia on the axillary floor, and hence the lamina 
is sometimes named the suspensory ligament of the axilla. At the lower part 
of the thoracic region the deep fascia is well developed, and is continuous with 
the fibrous sheath of the Rectus abdominis. 

Applied Anatomy. — In cases of suppuration in the axilla, the pus is prevented from 
extending downwards by the axillary fascia, and therefore tends to spread upwards, 
beneath the pectoral muscles, towards the root of the neck. Early evacuation of the pus 
is therefore necessary. The incision should be made midway between the anterior and 
posterior axillary folds, so as to avoid the lateral thoracic and subscapular vessels, and 
the edge of the knife should be directed away from the axillary vessels. 

The Pectoralis major (fig. 569) is a thick, triangular muscle situated at 
the upper and front part of the chest. It arises from the anterior surface of 
the sternal half of the clavicle ; from half the breadth of the anterior surface 
of the sternum, as low down as the attachment of the cartilage of the sixth or 
seventh rib ; from the cartilages of all the true ribs, with the exception, 
frequently, of the first, or seventh, or both, and from the aponeurosis of the 
Obhquus externus abdominis. From this extensive origin the fibres converge 
towards their insertion ; those arising from the clavicle pass obliquely down- 
wards and lateralwards, and are usually separated from the rest by a slight 
interval ; those from the lower part of the sternum, and the cartilages of the 
lower true ribs, run upwards and lateralwards ; while the middle fibres pass 
horizontally. They all end in a fiat tendon, about 5 cm. broad, which is inserted 
into the crest of the greater tubercle of the humerus. This tendon consists 
of two laminae, placed one in front of the other, and usually blended together 
below. The anterior lamina, the thicker, receives the clavicular and the 
uppermost sternal fibres ; they are inserted in the same order as that in which 
they arise : that is to say, the most lateral of the clavicular fibres are inserted 
at the upper part of the anterior lamina, and the uppermost sternal fibres 
to the lower part of the lamina, which extends as low as the tendon of the 
Deltoideus and joins with it. The posterior lamina of the tendon receives 
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the attachment of the greater part of the sternal portion and the deep fibres, 
i.e. those from the costal cartilages. These deep fibres, and particularly those 
from the lower costal cartilages, turn backwards successively behind and 
reach a higher level than the superficial and upper ones, so that the tendon 
appears to be twisted. The posterior lamina of the tendon reaches higher 
on the humerus than the anterior, and gives off an expansion which covers. 


Fig. 569.— The superficial muscles of the front of the chest and arm. Left side. 



the intertubercular sulcus and blends with the capsule of the shoulder -joint- 
From the deepest fibres of this lamina at its insertion an expansion is given, 
off which lines the intertubercular sulcus, while from the low’er border of the 
tendon a third expansion passes downwards to the fascia of the arm. 

Relations. — In front of the Pectoralis major are the skin, superficial fascia, Platysma,, 
anterior and middle supraclavicular nerves, mamma, and deep fascia; its posterior 
surface is in contact with the sternum, ribs and costal cartilages, eoracoclavicular fascia, 
Subclavius, Pectoralis minor, Serratus anterior, and Intercostales; it forms the anterior 
wall of the axillary space, and covers the axillary vessels and nerves and the upper parts, 
of the Biceps brachii and Coracobrachialis. Its upper border is separated from the 
Deltoideus by a slight interspace, the deltoideopectoral triangle , or infraclavicular fossay. 


THE DEEP MUSCLES OF THE BACK 

Fig. 546. — The deep muscles of the back. 


Occipital bone 
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Nerve-supply. — The Subclavius is supplied by a branch which derives its fibres 
from the fifth and sixth cervical nerves. 

Action.— The Subclavius pulls the shoulder downwards and forwards. 

The Serratus anterior (Serratus magnus) (fig. 570) is a muscular sheet, 
situated between the ribs and scapula at the upper and lateral parts of the 
chesty It arises by fleshy slips or digitations from the outer surfaces and 
superior borders of the upper eight or nine ribs, and from the aponeuroses 
-covering the intervening Intercostales. Each digitation arises from the 


Fig. 570. — The deep muscles of the front of the chest and arm. Left side. 



corresponding rib, but the first springs in addition from the second rib, and 
from the fascia covering the first intercostal space. The lower four slips 
interdigitate with the upper five slips of the Obliquus externus abdominis. 
From this extensive attachment the fibres pass backwards, closely applied 
to the chest-wall, and are inserted into the ventral surface of the vertebral border 
of the scapula in the following manner. The first digitation is inserted into a 
triangular area on the ventral surface of the medial (superior) angle. The next 
two or three digitations spread out to form a thin, triangular sheet, the base 
of which is directed backwards and is inserted into nearly the whole length of 
the ventral surface of the vertebral border. The lower five or six digitations 
converge to form a fan-shaped mass, the apex of which is inserted, by muscular 
and tendinous fibres, into a triangular impression on the ventral surface of the 
inferior angle. 

Nerve-supply. — The Serratus anterior is supplied by the long thoracic nerve, 
which is derived from the fifth, sixth, and seventh cervical nerves. 
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Actions.— The Serratus anterior, as a whole, carries the scapula forwards, and at 
the same time raises the vertebral border of the bone. Its lower and stronger fibres 
move the lower angle forwards and assist the Trapezius in rotating the bone at the 
sternoclavicular joint, and thus aid this muscle in raising the acromion. It is also- 
an assistant to the Deltoideus in raising the arm, inasmuch as during the action 
of this latter muscle it fixes the scapula and so steadies the glenoid cavity on which 
the head of the humerus moves. After the Deltoideus has raised the arm to a 
right angle with the trunk, the Serratus anterior and the Trapezius, by rotating 
the scapula, raise the arm into an almost vertical position. 

Applied Anatomy. — When the Serratus anterior is paralysed, the vertebral border, and 
especially the lower angle of the scapula, leave the ribs and stand out prominently on the 
surface, giving a peculiar 4 winged ’ appearance to the back (p. 279). The patient is unable 
to raise the arm, and an attempt to do so is followed by a further projection of the lower 
angle of the scapula from the back of the thorax. 

The long thoracic nerve supplying the Serratus anterior is exposed in the operation 
for removal of cancer of the breast, and should always be carefully preserved. 


III. The Muscles of the Shoulder 

Deltoideus. Infraspinatus. 

Subseapularis. • Teres minor. 

Supraspinatus. Teres major. 

The deep fascia covering the Deltoideus invests the muscle, and sends 
numerous septa between the fasciculi. In front, it is continuous with the 
pectoral fascia ; behind, where it is thick and strong, with the fascia infra- 
spinata ; above" it is attached to the clavicle, the acromion, and the spine of 
the scapula ; below, it is continuous with the brachial fascia. 

The Deltoideus (fig. 569) is a thick, triangular muscle, \v r hieh covers 
the shoulder-joint. It arises from the anterior border and upper surface of 
the lateral one -third of the clavicle ; from the lateral margin and upper surface 
of the acromion, and from the lower lip of the posterior border of the spine of 
the scapula, as far back as the triangular surface at its medial end. The. 
fibres converge towards their insertion, the middle passing vertically, the 
anterior inclining backwards, and the posterior forwards ; they unite in a. 
thick tendon which is inserted into the deltoid tuberosity on the lateral side 
of the body of the humerus. At its insertion the tendon gives off an expansion 
to the deep fascia of the arm. This muscle is remarkably coarse in texture* 
and the part arising from the acromion consists of oblique fibres ; these 
arise in a bipennate manner from the sides of tendinous septa, generally four 
in number, which pass downwards from the acromion into the muscle. These 
oblique fibres are inserted into similar tendinous septa, generally three in 
number, which ascend from the insertion of the muscle and alternate with 
the descending septa. The portions of the muscle arising from the clavicle 
and spine of the scapula are not arranged in this manner, hut are inserted 
into the margins of the inferior tendon. 

Relations. — Its superficial surface is in relation with the skin, the superficial and deep 
fasciae, Platysma, posterior supraclavicular, and lateral brachial cutaneous nerves* Its. 
deep surface is separated from the articular capsule of the shoulder- joint by a large bursa,, 
and covers the coracoid process, coraco- acromial ligament, Pectoralis minor, Coraco- 
brachialis, both heads of the Biceps brachii, the tendon of the Pectoralis major, the in- 
sertions of the Supraspinatus, Infraspinatus, and Teres minor, the long and lateral heads, 
of the Triceps brachii, the humeral circumflex vessels, the axillary nerve, and the surgical 
neck and upper part of the body of the humerus. Its anterior border is separated at its. 
upper part from the Pectoralis major by the deltoideopectoral triangle in which the 
cephalic vein and deltoid branch of the thoraco-acromial artery lie; lower down the 
two muscles are in contact. Its posterior border rests on the Infraspinatus and Triceps, 
brachii. 

Nerves. — The Deltoideus is supplied by the fifth and sixth cervical nerves 
through the axillary nerve. 
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Actions. — The Deltoideus raises the arm from the side, so as to bring it at right 
angles with the trunk. Its anterior fibres draw the arm forwards ; and its posterior 
fibres draw it backwards. 

Applied Anatomy. — The Deltoideus is very liable to atrophy, and in this condition 
dislocation of the shoulder- joint is simulated, as there is flattening of the shoulder and 
•apparent prominence of the acromion ; the distance also between the acromion and the 
head of the bone is increased, and the tips of the fingers can be inserted between them. 

The subscapular fascia is a thin membrane attached to the entire 
circumference of the subscapular fossa, and giving origin by its deep surface 
to some of the fibres of the Subscapularis. 

The Subscapularis (fig. 570) is a large triangular muscle which fills the 
subscapular fossa, and arises from its medial two-thirds and from the lower 
two-thirds of the groove on the axillary border of the scapula. Some fibres 
arise from tendinous laminse which intersect the muscle and are attached to 
ridges on the bone ; others from an aponeurosis, which separates the muscle 
from the Teres major and the long head of the Triceps brachii. The fibres pass 
lateralwards, and, gradually converging, end in a tendon which is inserted 
into the lesser tubercle of the humerus and the front of the capsule of the 
shoulder-joint. The tendon of the muscle is separated from the neck of 
the scapula by a large bursa, which communicates with the cavity of the 
shoulder-joint through an aperture in the articular capsule. 

Relations. — The anterior surface of this muscle forms a considerable part of the 
posterior wall of the axilla, and is in relation with tbe Serratus anterior, Coracobracliialis, 
■and Biceps brachii, the axillary vessels and brachial plexus of nerves, and the sub- 
scapular vessels and nerves. Its posterior surface is in relation with the scapula and the 
capsule of the shoulder- joint. Its lower border is in contact with the Teres major and 
Latissimus dorsi. 

Nerves.— The Subscapularis is supplied by the fifth and sixth cervical nerves 
through the upper and lower subscapular nerves. 

Actions. — The Subscapularis rotates the head of the humerus inwards ; when 
the arm is raised, it draws the humerus forwards and downwards. It is a powerful 
defence to the front of the shoulder- joint. 

The fascia supraspinata completes the osseofibrous case in which the 
Supraspinatus muscle is contained, and its deep surface gives origin to some 
of the fibres of the muscle. It is thick medially, but thinner laterally under 
the coraco-acromial ligament. 

The Supraspinatus (fig. 571) occupies the supraspinatous fossa, arising 
from its medial two-thirds, and from the fascia supraspinata. The muscular 
fibres pass under the acromion, and converge to a tendon which crosses the 
upper part of the shoulder- joint and is inserted into the highest of the three 
impressions on the greater tubercle of the humerus ; the tendon is intimately 
adherent to the capsule of the shoulder-joint. 

Nerve-supply. — The Supraspinatus is supplied by the fifth and sixth cervical 
nerves through the suprascapular nerve. 

Action. — The Supraspinatus abducts the arm. 

The fascia infraspinata is a dense fibrous membrane, covering the 
Infraspinatus muscle and fixed to the circumference of the infraspinatous 
fossa ; its deep surface gives origin to some fibres of that muscle. It is inti- 
mately attached to the deltoid fascia along the overlapping border of the 
Deltoideus. 

The Infraspinatus (fig. 571) is a thick triangular muscle, which occupies 
the chief part of the infraspinatous fossa ; it arises by fleshy fibres from the 
medial two-thirds of the fossa, and by tendinous fibres from the ridges on its 
surface : it also arises from the fascia infraspinata which covers it and separates 
it from the Teretes major et minor. The fibres converge to a tendon, which 
glides over the lateral border of the spine of the scapula, and, passing across 
the posterior part of the capsule of the shoulder-joint, is inserted into the 
middle impression on the greater tubercle of the humerus. The tendon of this 
muscle is sometimes separated from the capsule of the shoulder-joint by a 
bursa which may communicate with the joint-cavity. 
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Nerve-supply. — The Infraspinatus is supplied by the fifth and sixth cervical 1 
nerves through the suprascapular nerve. 

Action. — The Infraspinatus rotates the arm outwards. 

The Teres minor (fig. 571) is a narrow, elongated muscle, which arises from 
the dorsal surface of the axillary border of the scapula for the upper two-thirds 
of its extent, and from two aponeurotic laminae, one of which separates it from 
the Infraspinatus, the other from the Teres major. Its fibres run obliquely 
upwards and lateralwards ; the upper ones end in a tendon which is inserted 
into the lowest of the three impressions on the greater tubercle of the humerus ; 
the lower fibres are inserted directly into the humerus immediately below this 


Fig. 571. — The muscles on the dorsum of the scapula, and the Triceps brachii. 

Left side. 



impression and just above the origin of the lateral head of the Triceps brachii. 
The tendon of this muscle passes across, and is united with, the posterior part 
of the capsule of the shoulder -joint. 

Nerve-supply. — The Teres minor is supplied by the fifth cervical nerve through 
the axillary nerve. 

Action. — The Teres minor rotates the arm outwards. 

_ The Teres major (fig. 571) is a thick, somewhat flattened muscle, which 
arises from the oval area on the dorsal surface of the inferior angle of the 
scapula, and. from the fibrous septa interposed between the muscle and 
the Teres minor and Infraspinatus ; the fibres are directed upwards and. 
lateralwards and end in a flat tendon, about 5 cm. long, which is inserted 
into the crest of the lesser tubercle of the humerus. At its insertion the 
tendon lies behind that of the Latissimus dorsi, from which it is separated 
by a bursa, the two tendons being, however, united along their lower borders 
for a short distance. 
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Nerve-supply. — The Teres major is supplied by the fifth and sixth cervical nerves 
through the lower subscapular nerve 

Actions. The Teres major draws the humerus medialwards and backwards,, 
and rotates it inwards. 


IV. The Muscles oe the Arm 

Coracobraehialis. Brachialis. 

Biceps brachii. Triceps brachii. 

The brachial fascia or deep fascia of the arm is continuous with that 
covering the Deltoideus and the Pect oralis major ; it forms a thin, loose sheath 
for the muscles of the arm, and sends septa between them ; it is composed 
of fibres disposed in a circular or spiral direction, and connected together 
by vertical and oblique fibres. It is thin over the Biceps brachii, but thicker 
where it covers the Triceps brachii, and over the epicondyles of the humerus : 
it is strengthened by fibrous aponeuroses, derived from the Pect oralis major 
and Latissimus dorsi medially, and from the Deltoideus laterally. On either 
side it gives off a strong intermuscular septum, which is attached to the 
corresponding supracondylar ridge and epicondyle of the humerus. 

The lateral intermuscular septum extends from the lower part of the crest 
of the greater tubercle of the humerus, along the lateral supracondylar ridge, 
to the epicondyle ; it is blended with the tendon of the Deltoideus, gives 
attachment to the Triceps brachii behind, to the Brachialis, Braehioradialis 
and Extensor carpi radialis longus in front, and is perforated by the radial 
nerve and arteria profunda brachii. The medial intermuscular septum , thicker 
than the preceding, extends from the lower part of the crest of the lesser tubercle 
of the humerus below the Teres major, along the medial supracondylar ridge 
to the epicondyle ; it is blended with the tendon of the Coracobraehialis, and 
affords attachment to the Triceps brachii behind and the Brachialis in front. 
It is perforated by the ulnar nerve, the superior ulnar collateral artery, and 
the posterior branch of the inferior ulnar collateral artery. 

At the elbow, the brachial fascia is attached to the epicondyles of the 
humerus and the olecranon of the ulna, and is continuous with the antibrachial 
fascia. Just below the middle of the medial side of the arm, an oval opening 
in the fascia transmits the basilic vein and some lymphatic vessels. 

The Coracobraehialis (figs. 570, 572) is situated at the upper and medial 
part of the arm. It arises from the apex of the coracoid process, in common 
with the tendon of the short head of the Biceps brachii, and by muscular fibres 
from the upper 10 cm. of this tendon ; it is inserted into an impression at 
the middle of the medial surface and border of the body of the humerus between 
the origins of the Triceps brachii and Brachialis. 

Relations. — It is perforated by the musculocutaneous nerve, and is in relation, in 
front , with the Pectoralis major above, and at its insertion with the brachial vessels and 
median nerye which cross it; behind, with the tendons of the Subscapularis, Latissimus. 
dorsi, and Teres major, the medial head of the Triceps brachii, the humerus, and the 
anterior humeral circumflex vessels; by its medial border , with the third part of the 
axillary artery, the upper part of the brachial artery, the median and musculocutaneous 
nerves; by its lateral border , with the Biceps brachii and Brachialis. 

Nerve-supply.— The Coracobraehialis is supplied by the seventh cervical nerve 
through the musculocutaneous nerve. 

Action.- — The Coracobraehialis draws the arm forwards and medialwards. 

The Biceps brachii (figs. 570, 572, 573), a long fusiform muscle placed on 
the front of the arm, has received its name from the circumstance that it has 
two heads of origin. The short head arises by a thick flattened tendon from 
the apex of the coracoid process, in common with the Coracobraehialis. The 
long head arises by a long narrow tendon from the supraglenoid tuberosity at 
the apex of the glenoid cavity, and is continuous with the glenoidal labrum 
(p. 380). The tendon of the long head, enclosed in a sheath of the synovial 
stratum of the articular capsule of the shoulder -joint, arches over the head of the 
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humerus ; it emerges from the joint through an opening in the articular capsule 
close to its humeral attachment and descends in the intertubercular sulcus ; 
it is retained in the sulcus by the transverse humeral ligament and by a fibrous 
expansion from the tendon of the Pectoralis major. Each tendon is suc- 
ceeded by an elongated muscular belly, and the two bellies, although closely 
applied to each other, can be readily separated until within about 7*5 cm. of 
the elbow -joint. Here they end in a flattened tendon, which is inserted into the 
rough posterior portion of the tuberosity of the radius, a bursa being interposed 
between the tendon and the front part of the tuberosity. As the tendon of the 
muscle approaches the radius it is twisted upon itself, so that its anterior 


Pig. 572. — A transverse section through the arm at the junction of the proximal 
with the intermediate one-third of the humerus. 
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surface becomes lateral and. is applied to the tuberosity of the radius at its 
insertion. Opposite the bend of the elbow the tendon gives off, from its medial 
side, a broad aponeurosis, the lacertus fibrosus or bicipital fascia , which passes 
obliquely downwards and medialwards across the brachial artery and is 
continuous with the deep fascia covering the origins of the flexor muscles 
of the forearm (fig. 569). With very little force the tendon of insertion can 
be split down to the radial tuberosity, when it can be seen that the anterior 
portion of the tendon receives the fibres of the short head, and the posterior 
portion those of the long head. 

A third head to the Biceps brachii is occasionally found, arising at the upper and 
medial part of the Brachialis, with which it is blended, and inserted into the lacertus 
fibrosus and medial side of the tendon of the muscle; in most cases this additional slip 
lies behind the brachial artery. In some instances the third head consists of two slips, 
which pass down, one in front of, the other behind the artery. 

Relations. — The Biceps brachii is overlapped above by the Pectoralis major and Del- 
toideus ; in the rest of its extent it is covered by the fasciae and skin. Above, its long head 
passes through the shoulder- joint, and its short head rests on the joint and the upper part 
-of the humerus ; below, it lies on the Brachialis, the musculocutaneous nerve, and the 
Supinator. Its * medial border is in relation with the Coracobrachialis, and overlaps the 
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brachial vessels and median nerve; its lateral border, with the Deltoideus and 
Braohioradialis. 

Nerve-supply. The Biceps brachii is supplied by the fifth and sixth cervical 
nerves through the musculocutaneous nerve. 

Actions.-— The Biceps brachii is a powerful supinator of the forearm ; it also 
flexes the elbow-joint, and to a slight extent the shoulder-joint. Through the 
lacertus fibrosus it is a tensor of the antibrachial fascia. 

Applied Anatomy .— The long tendon of the Biceps brachii is sometimes dislocated 
from the mtertubereular sulcus. When this occurs, the arm is fixed in a position of 
abduction, but the head of the humerus can be felt in its proper position. The tendon 
can generally be replaced by flexing the forearm on the arm and rotating the limb 
Rupture of the long tendon of the Biceps brachii may also take place. 


Fig. 573.-— A transverse section through the arm, a little below the middle of the 

body of the humerus. 
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The Brachialis (Brachialis anticus) (figs. 570, 573, 574) covers the front 
of the elbow- joint and the lower one-half of the humerus. It arises from the 
lower one-half of the front of the humerus, commencing above at the insertion 
of the Deltoideus, w r hich it embraces by two angular processes, and extending 
below to within 2*5 cm. of the margin of the articular surface. It also arises 
from the intermuscular septa, hut more extensively from the medial than the 
lateral ; . it is separated from the lower part of the lateral intermuscular septum 
by the Brachioradialis and Extensor carpi radialis longus. Its fibres converge 
to a thick tendon, which is inserted into the tuberosity of the ulna and the 
rough depression on the anterior surface of the coronoid process. 

Relations. — It is in relation, in front, with the Biceps brachii, the brachial vessels, 
musculocutaneous and median nerves; behind , with the humerus and articular capsule 
of the elbow-joint; by its medial border, with the Pronator teres, and with the medial 
intermuscular septum which separates it from the Triceps brachii and the ulnar nerve ; 5 , 
by its lateral border, with the radial nerve, radial recurrent artery, the Brachioradialis, 
and Extensor carpi radialis longus. 

Nerve-supply.— The Brachialis is chiefly supplied by the fifth and sixth cervical 
nerves through the musculocutaneous nerve, but receives an additional filament 
from the seventh cervical through the radial nerve. 

Action. — The Brachialis flexes the elbow-joint. 
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The Triceps brachii (figs. 571, 572, 573, 574), situated on the back of the 
arm, is of large size, and arises by three heads (long, lateral, and medial), hence 
its name. 

The long head arises by a flattened tendon from the infragienoid tuberosity 
of the scapula, being blended at its upper part with the capsule of the shoulder- 
joint ; the muscular fibres pass downwards between the other two heads of the 
muscle, and join with them in the tendon of insertion. 

The lateral head arises from a narrow ridge on the posterior surface of the 
body of the humerus, extending from the insertion of the Teres minor to the 
upper part of the sulcus for the radial nerve, and from the lateral border of 
the humerus and the lateral intermuscular septum ; the fibres from this origin 
converge towards the tendon of insertion. 


Fig. 574. — A transverse section through the arm, 2 cm. proximal to the medial 
epicondyle of the humerus. 



The medial head arises from the posterior surface of the body of the humerus, 
below the sulcus for the radial nerve ; it is narrow and pointed above, and 
extends from the insertion of the Teres major to within 2*5 cm. of the trochlea 
humeri ; it also arises from the medial border of the bone and from the back 
of the whole length of the medial intermuscular septum. Some of the fibres 
are directed downwards to the olecranon, while others converge to the tendon 
of insertion. 

The tendon of insertion of the Triceps brachii begins about the middle of 
the muscle. It consists of two aponeurotic laminse, one of which covers the 
back of the lower one-half of the muscle ; the other is more deeply seated in 
the substance of the muscle. After receiving the attachment of the muscular 
fibres, the two lamellae join together above the elbow, and are inserted, for the 
most part, into the posterior portion of the upper surface of the olecranon; 
a band of fibres is, however, continued downwards, on the lateral side, over 
the Anconaeus, to blend with the antibrachial fascia. 

The long head of the Triceps brachii descends between the Teres minor and 
Teres major, dividing the triangular space between these two muscles and the 
humerus into two smaller spaces, one triangular, the other quadrangular (fig. 571). 
The triangular space contains the scapular ni ran m flex vessels ; it is bounded by 
the Teres minor above, the Teres major below, and the scapular head of the Triceps 
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laterally. Tlie quadrangular space transmits the posterior humeral circumflex 
vessels and the axillary nerve ; it is hounded by the Subscapularis, the Teres minor 
and the capsule of the shoulder-joint above, the Teres major below, the long head 
of the Triceps brachii medially, and the humerus laterally. 

The Subanconaeus is the name given to a few fibres which spring from the deep sur- 
face of the lower part of the Triceps brachii, and are inserted into the posterior part of 
the articular capsule of the elbow-joint. 

Nerves. The Triceps brachii is supplied by the sixth, seventh and eighth cervical 
nerves through the radial nerve.* 

Actions. The Triceps brachii is the great extensor muscle of the forearm. 
When the arm is extended, the long head of the muscle may assist in drawing the 
humerus backwards and in adducting it to the thorax. The long head supports 
the under part of the shoulder- joint. The Subanconaeus draws up the posterior part 
of the articular capsule of the elbow-joint during extension of the forearm. 

Applied Anatomy .— The insertion of the Triceps brachii into the deep fascia of the 
forearm is of importance in the operation of excision of the elbow, and should always 
be carefully preserved. By means of it the patient is enabled to extend the forearm, a 
movement which would otherwise be accomplished mainly by gravity — that is to say, by 
allowing the forearm to drop by its own weight. " 


V. The Muscles oe the Forearm 

The antibrachial fascia (deep fascia of the forearm), continuous above 
with the brachial fascia, is a dense investment, which forms a general sheath 
for the muscles in this region ; it is attached, behind, to the olecranon and 
dorsal border of the ulna, and sends off from its deep surface numerous inter- 
muscular septa. It gives origin to muscular fibres, especially at the upper part 
of the medial and lateral sides of the forearm, and forms the boundaries of a 
series of cone-shaped cavities, in which the muscles are contained ; transverse 
septa are given off both on the volar and dorsal surfaces of the forearm, 
separating the deep from the superficial layers of muscles. It is much thicker 
on the dorsal than on the volar surface, and at the lower than at the upper 
part of the forearm, and is strengthened above by tendinous fibres derived 
from the Biceps brachii in front, and from the Triceps brachii behind. Over 
the flexor tendons as they approach the wrist it is especially thickened, and 
forms the volar carpal ligament. This is continuous with the transverse 
carpal ligament, and forms a sheath for the tendon of the Palmaris longus 
which passes over the transverse carpal ligament to be inserted into the palmar 
aponeurosis. Behind, near the wrist joint, it is thickened by the addition 
of many transverse fibres, and forms the dorsal carpal ligament. Apertures 
exist in the fascia for the passage of vessels and nerves ; one of these apertures, 
of large size and situated at the front of the elbow, transmits a communicating 
branch between the superficial and deep veins. 

The antibrachial or forearm muscles consist of a volar and a dorsal group. 


1. The Volar Antibrachial Muscles 

These muscles are divided for convenience of description into two groups, 
superficial and deep. 

(a) Superficial Group (fig. 575) 

Pronator teres. Palmaris longus. 

Flexor carpi radialis. Flexor carpi ulnaris. 

Flexor digit orum sublimis. 

. The muscles of this group take origin from the medial epicondyle of the 
humerus by a common tendon ; * they receive additional fibres from the anti- 

* Wilfred Harris ( Journal of Anatomy , vol. xxxviii.) is of opinion that the Triceps brachii is 
nminlv finrvnliArl Tw the sixth and seventh cervical nerves. 
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brachial fascia near the elbow, and from the septa which pass from this fascia 
between the individual muscles. 


The Pronator teres (figs. 575, 576) has a humeral and an ulnar head of 
origin. The humeral head , the larger and more superficial, arises immediately 

above the medial epicondyle, and from the 
Fig. 575.— The left volar anti- tendon common to the origin of the other 

brachial muscles. Superficial muscles ; also from the intermuscular septum 

g rou P* between it and the Flexor carpi radialis and 



from the antibrachial fascia. The smaller 
ulnar head arises from the medial side of the 
coronoid process of the ulna, and joins the 
humeral head at an acute angle. The median 
nerve enters the forearm between the two heads 
of the muscle, and is separated from the ulnar 
artery by the ulnar head. The muscle passes 
obliquely across the forearm, and ends in a flat 
tendon, which is inserted into a rough impres- 
sion at the middle of the lateral surface of the 
body of the radius. The lateral border of the 
muscle forms the medial boundary of a triangular 
hollow, which is situated in front of the elbow- 
joint and contains the median nerve, brachial 
artery, and tendon of the Biceps brachii. 

Nerve-supply. — The Pronator teres is supplied 
by the sixth cervical nerve through the median 
nerve. 

Actions.-— The Pronator teres rotates the 
radius upon the ulna, turning the palm of the 
hand backwards ; it also flexes the elbow- joint. 

Applied Anatomy . — This muscle, when suddenly 
brought into active use, as in the game of lawn- 
tennis, is apt to be strained, producing slight swelling, 
tenderness, and pain on putting the muscle into 
action. This is known as ‘lawn-tennis arm.’ 

The Flexor carpi radialis (figs. 575, 576, 
579) lies on the medial side of the Pronator 
teres. It arises from the medial epicondyle 
by the common tendon, from the antibrachial 
fascia, and from the intermuscular septa 
between it and the adjacent muscles. Slender 
and aponeurotic in structure at its commence- 
ment, it increases in size, and ends in a long 
tendon which passes through a canal in the 
lateral part of the transverse carpal ligament 
and through a groove on the greater mult- 
angular bone ; tlie groove is converted into a 
canal by fibrous tissue and lined by a mucous 
sheath. The tendon is inserted into the base 
of the second metacarpal bone, and sends a 
slip to the base of the third metacarpal bone. 
In the lower part of the forearm the radial 
artery lies between the tendon of this muscle 


and that of the Brachioradialis. 


Nerve-supply. — The Flexor carpi radialis is supplied by the sixth cervical nerve 
through the median nerve. 

Action. — The Flexor carpi radialis flexes the wrist. 

The Palmaris longus (figs. 575, 576, 587) is a slender, fusiform 
muscle, lying on the medial side of the Flexor carpi radialis. It arises from 
the medial epicondyle of the humerus by the common tendon, from the inter- 
muscular septa between it and the adjacent muscles, and from the antibrachial 
fascia. It ends in a long slender tendon which passes over the upper part of 
the transverse carpal ligament and is inserted into the anterior surface of the 
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distal one-half of this ligament and into the central part of the palmar apo- 
neurosis, frequently sending a tendinous slip to the short muscles of the thumb. 
Just above the wrist, the median nerve lies deep to the tendon. 

This muscle is often absent, and is subject to very considerable variations : it 
may be tendinous above and muscular below, or muscular in the middle with 
a tendon above and below; it may consist of two muscular bundles with a 
central tendon ; or may be represented solely by a tendinous band. 

Nerve-supply. — The Palmaris longus is supplied by the sixth cervical nerve 
through the median nerve. 

Actions. — The Palmaris longus tightens the palmar aponeurosis and flexes 
the wrist. 

The Flexor carpi ulnaris (figs. 575, 576, 579) lies along the ulnar side 
of the forearm. It arises by two heads, humeral and ulnar, connected by a 


Fig. 576. — A transverse section through the forearm at the level of the radial 
(bicipital) tuberosity. 

Median nerve 



tendinous arch, beneath which the ulnar nerve passes downwards and the 
posterior ulnar recurrent artery upwards. The humeral head is very small 
and arises from the medial epicondyle of the humerus by the common tendon ; 
the ulnar head arises from the medial margin of the olecranon and from the 
upper two-thirds of the dorsal border of the ulna by an aponeurosis common 
to it and the Extensor carpi ulnaris and Flexor digitorum profundus ; and 
from the intermuscular septum between it and the Flexor digitorum sublimis. 
The fibres end in a tendon, which occupies the anterior part of the distal one-half 
of the muscle and is inserted into the pisiform bone, whence it is prolonged to 
the hamate and fifth metacarpal bones by the pisohamate and pisometacarpal 
ligaments ; it is also attached by a few fibres to the transverse carpal ligament. 
The ulnar vessels and nerve lie on the lateral side of the tendon of insertion 
of this muscle. 

Nerve-supply. — The Flexor carpi ulnaris is supplied by the eighth cervical and 
first thoracic nerves through the ulnar nerve. 

Actions. — The Flexor carpi ulnaris flexes the wrist and slightly adducts the 
hand. 

The Flexor digitorum sublimis (figs. 575, 576, 579) is dorsal to the 
preceding muscle ; it is the largest of the muscles of the superficial group, and 
arises by two heads, humero-ulnar and radial. The humero-ulnar head arises 
from the medial epicondyle of the humerus by the common tendon, from the 
ulnar collateral ligament of the elbow-joint,' from the intermuscular septa 
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between it and the preceding muscles, and from the medial side of the coronoid 
process, above the mlnar origin of the Pronator teres. The radial head , a thin 
sheet of muscle, arises from the oblique line of the radius, extending from the 
radial tuberosity to the insertion of the Pronator teres. The muscle speedily 
separates into two planes of muscular fibres, superficial and deep : the superficial 
plane divides into two parts which end in tendons for the middle and ring 
fingers ; the deep plane gives off a muscular slip to join that part of the super- 
ficial plane which is associated w r ith the tendon of the ring finger, and then 
divides into two parts, which end in tendons for the index and little fingers. 
As the four tendons pass beneath the transverse carpal ligament into the 
palm of the hand, they are arranged in pairs, the superficial pair going to 
the middle and ring fingers, the deep pair to the index and little fingers. The 
tendons diverge from one another in the palm and form deep relations to the 
superficial volar arch and digital branches of the median and ulnar nerves. 
Opposite the bases of the first phalanges each tendon divides into two slips, 
to allow of the passage of the corresponding tendon of the Flexor digitorum 
profundus ; the two slips then reunite, partially decussate, and form a grooved 
channel for the reception of the tendon of the Flexor digitorum profundus. 
Finally the tendon divides and is inserted into the sides of the second phalanx 
about its middle. 

Nerve-supply. — The Flexor digitorum sublimis is supplied by the seventh and 
eighth cervical and first thoracic nerves through the median nerve. 

Actions. — The Flexor digitorum sublimis flexes first the middle and then the 
proximal phalanges. It also acts as a flexor of the wrist. 


(i b ) Deep Group (fig. 577) 

Flexor digitorum profundus. Flexor pollicis longus. 

Pronator quadrat us. 

The Flexor digitorum profundus (figs. 576, 577, 579) is situated on the 
uhiar side of the forearm, deep to the superficial flexors. It arises from the 
upper three-fourths of the volar and medial surfaces of the body of the ulna,, 
embracing the insertion of the Brachialis above, and extending to within a short 
distance of the Pronator quadratus below. It also arises from a depression 
on the medial side of the coronoid process of the ulna, and from the upper three- 
fourths of the dorsal border of the bone by an aponeurosis, in common with 
the Flexor and Extensor carpi ulnaris ; it also springs from the ulnar half of the 
interosseous membrane. The muscle ends in four tendons which run behind 
the transverse carpal ligament, dorsal to the tendons of the Flexor digitorum 
sublimis. The portion of the muscle for the index finger is usually distinct 
throughout, but the tendons for the middle, ring, and little fingers are con- 
nected together by areolar tissue and tendinous slips, as far as the palm of the 
hand. Opposite the first phalanges the tendons pass through the openings in 
the tendons of the Flexor digitorum sublimis, and are inserted into the bases 
of the last phalanges. 

Nerve-supply. — The Flexor digitorum profundus is supplied by the eighth 
cervical and first thoracic nerves through the ulnar nerve and the volar interosseous 
branch of the median nerve. 

Actions. — The Flexor digitorum profundus flexes the terminal phalanges after 
the Flexor digitorum sublimis has bent the middle phalanges ; it also assists in 
flexing the wrist. 

Four small muscles, the Luinbricales, are connected with the tendons of 
the Flexor digitorum profundus in the palm. They will be described with the 
muscles of the hand (p. 526). 

Fibrous sheaths of the flexor tendons. — After leaving the palm, 
the tendons of the Flexores digitorum sublimis et profundus lie in osseo- 
aponeurotic canals (fig. 589, p. 525), formed behind by the phalanges, and in 
front by fibrous bands which arch across the tendons, and are attached on 
either side to the margins of the phalanges and to the volar accessory ligaments 
of the interphalangeal joints. Opposite the middle of the proximal and* second 
phalanges the bands (« digital vaginal ligaments) are very strong, and the fibres 
are transverse ; but opposite the joints they are much thinner, and consist 
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of annular and cruciate fibres. 
Each canal is lined by a mucous 
sheath, which is reflected on the 
contained tendons. 

As the flexor tendons approach 
their insertions they are con- 
nected to the dorsal parts of the 
enclosing sheaths by triangular 
and thread-like bands of the 

mucous sheaths. These bands, 
termed vincula tendinum (fig. 578), 
convey minute vessels to the 

tendons, and are of two kinds, 
(a) vincula brevia and (b) vincula 
longa. 

The vincula brevia , two in 

number in each finger, are tri- 

angular bands attached to the deep 
surfaces of the tendons close to 
their insertions ; one connects the 
tendon of the Flexor digitorum 
sublimis to the front of the first 
interphalangeal joint and adjacent 
part of the first phalanx, and the 
other the tendon of the Flexor 
digitorum profundus to the front 
of the second interphalangeal joint 
and adjacent part of the second 
phalanx. The vincula longa are 
thread-like slips, of which two are 
usually attached to each tendon of 
the Flexor digitorum sublimis, and 
one to each tendon of the Flexor 
digitorum profundus. Those of 
the Flexor digitorum sublimis are 
connected to the slips of that 
tendon where these fold over the 
tendon of the Flexor digitorum 
profundus, and, passing one on 
either side of the latter tendon, 
are attached to the sheath at the 
lateral margins of the proximal 
end of the first phalanx. That of 
the tendon of the Flexor digitorum 
profundus is fixed to its tendon 
shortly after the latter has pierced 
the tendon of the Flexor digitorum 
sublimis. It runs upwards and 
backwards, perforates one of the 
two slips of the latter tendon, or 
passes between the two slips ; 
thereafter it blends with the vin- 
culum breve of the Flexor digi- 
torum sublimis, and is attached 
to the sheath at the distal end of 
the first phalanx. 

The Flexor pollicis longus 
(figs. 577, 579) is situated on the 
radial side of the forearm in the 
same plane as the Flexor digi- 
torum profundus. It arises from 
the grooved volar surface of the 
body of the radius, extending 
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from immediately below the tuberosity and oblique line, to within a short 
distance of the Pronator quadratus. It arises also from the adjacent part of the 
interosseous membrane, and generally by a fusiform fleshy slip from the medial 
border of the coronoid process below the Flexor digitorum sublimis and Pronator 
teres, or from the medial epicondyle of the humerus. The fibres end in a 
flattened tendon, which passes behind the transverse carpal ligament, is then 
lodged between the lateral head of the Flexor pollicis brevis and the oblique 
part of the Adductor pollicis, and, entering an osseo-aponeurotic canal similar 
to those for the flexor tendons of the fingers, is inserted into the base of the 


Fig. 578. — The tendons and the vincula tendinum of the right forefinger. 

Lateral aspect. 
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distal phalanx of the thumb. The volar interosseous nerve and vessels descend 
on the front of the interosseous membrane between the Flexor pollicis longus 
and Flexor digitorum profundus. 

Nerve-supply. — The Flexor pollicis longus is supplied by the eighth cervical 
and first thoracic nerves through the volar interosseous branch of the median 
nerve. 

Actions. — The Flexor pollicis longus is a flexor of the phalanges of the thumb ; 
it also acts as a flexor of the wrist. 

The Pronator quadratus (figs. 577, 583) is a flat, quadrilateral muscle, 
extending across the front of the lower parts of the radius and ulna. It arises 
from the pronator ridge on the lower part of the volar surface of the body of 
the ulna ; from the medial part of the volar surface of the lower one-fourth 
of the ulna ; and from a strong aponeurosis which covers the medial one-third 
of the muscle. The fibres pass lateralwards and slightly downwards, to be 
inserted into the lower one-fourth of the lateral border and the volar surface 
of the body of the radius ; the deeper fibres are inserted into the triangular 
area above the ulnar notch of the radius. 

Nerve-supply. — The Pronator quadratus is supplied by the eighth cervical and 
first thoracic nerves through the volar interosseous branch of the median nerve. 

Action. — The Pronator quadratus pronates the forearm, i.e. turns it so that the 
palm of the hand is directed backwards. 
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2. The Dorsal Antibrachial Muscles 

These muscles are divided for convenience of description into two groups, 
superficial and deep. 

{a) Superficial Group (fig. 580) 

Brachioradialis. Extensor digitorum communis. 

Extensor carpi radialis longus. Extensor digiti quinti proprius. 

Extensor carpi radialis brevis. Extensor carpi ulnaris. 

Anconseus. 

The Brachioradialis (Supinator longus) (figs. 575, 576, 580) is the most 
superficial muscle on the radial side of the forearm. It arises from the upper 
two- thirds of the lateral supracondylar ridge of the humerus, and from the 


Fig. 579. — A transverse section through the middle of the forearm. 
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lateral intermuscular septum. Interposed between it and the Brachialis are the 
radial nerve and the anastomosis between the arteria profunda brachii and 
the radial recurrent artery. The fibres end above the middle of the forearm 
in a flat tendon which is inserted into the lateral side of the base of the styloid 
process of the radius. The tendon is crossed at its insertion by the tendons 
of the Abductor pollicis longus and Extensor pollicis brevis ; on its ulnar 
side is the radial artery. 

Nerve-supply. — The Brachioradialis is supplied by the fifth and sixth cervical 
nerves through the radial nerve. 

Action. — The Brachioradialis is a flexor of the elbow- joint, but is supplied by 
the nerve of the extensor muscles, i.e. the radial nerve. 

The Extensor carpi radialis longus (figs. 576, 580) is partly covered 
by the Brachioradialis. It arises mainly from the lower one-third of the 
lateral supracondylar ridge of the humerus and from the lateral intermuscular 
septum, but it receives a few fibres from the common tendon of origin of the 
extensor muscles of the forearm. The muscle ends at the upper one-third of 
the forearm in a flat tendon, which runs along the lateral border of the radius, 
deep to the Abductor pollicis longus and Extensor pollicis brevis ; it then 
passes under cover of the dorsal carpal ligament, where it lies on the back of 

g.a. ■' b 



514 


MYOLOGY 


the radius in a groove immediately behind the styloid process. It is inserted 
into the radial side of the dorsal surface of the base of the second metacarpal 
bone. 

Nerve-supply. — The Extensor carpi radialis longus is supplied by the sixth and 
seventh cervical nerves through the deep radial nerve. 

Actions. — The Extensor carpi radialis longus extends the wrist and slightly 
abducts the hand. 

The Extensor carpi radialis brevis (figs. 576, 579, 580) is shorter than 
the preceding muscle and is covered by it. It arises from the lateral epicondyle 
of the humerus, by a tendon common to it and the next three muscles ; from 
the radial collateral ligament of the elbow-joint ; from a strong aponeurosis* 
which covers its surface ; and from the intermuscular septa between it and 
the adjacent muscles. The fibres end about the middle of the forearm in a 
fiat tendon, which closely accompanies that of the preceding muscle to the 
wrist ; it passes beneath the Abductor pollicis longus and Extensor pollicis 
brevis, then under cover of the dorsal carpal ligament, and is inserted 
into the dorsal surface of the base of the third metacarpal bone on its radial 
side and distal to the styloid process. Under the dorsal carpal ligament the 
tendon lies on the back of the radius in a shallow groove, on the ulnar side 
of that which lodges the tendon of the Extensor carpi radialis longus, and 
separated from it by a faint ridge. 

The tendons of the two preceding muscles pass through the same compart- 
ment of the dorsal carpal ligament in a single mucous sheath. 

Nerve-supply. — The Extensor carpi radialis brevis is supplied by the sixth and 
seventh cervical nerves through the radial nerve. 

Action. — The Extensor carpi radialis brevis extends the wrist. 

The Extensor digitorum communis (figs. 576, 579, 580) arises from the 
lateral epicondyle of the humerus, by the common tendon ; from the inter- 
muscular septa between it and the adjacent muscles, and from the antibrachial 
fascia. It divides below into four tendons, which pass, together with that 
of the Extensor indicis proprius, through a compartment of the dorsal carpal 
ligament, within a mucous sheath. The tendons then diverge on* the back 
of the hand, and are inserted into the second and third phalanges of the fingers 
in the following manner. Opposite the metacarpophalangeal articulation 
each tendon is bound by fasciculi to the collateral ligaments and serves as 
the dorsal ligament of this joint : after crossing the joint, it spreads into a 
broad aponeurosis, which covers the dorsal surface of the first phalanx and 
is there reinforced by the corresponding tendons of the Interossei and 
Lumbricalis. Opposite the first inter phalangeal joint this aponeurosis divides 
into three slips, an intermediate and two collateral : the intermediate is 
inserted into the base of the second phalanx ; the two collateral are continued 
onwards along the sides of the second phalanx, and uniting by their contiguous 
margins, are inserted into the dorsal surface of the ungual phalanx. As the 
tendons cross the interphalangeal joints, they serve as dorsal ligaments. The 
tendon to the index finger is accompanied by the Extensor indicis proprius,. 
which lies on its ulnar side. On the back of the hand, the tendons to the 
middle, ring, and little fingers are connected by two obliquely placed bands, 
one from the third tendon passing distalwards and lateralwards to the 
second tendon, and the other passing from the fourth tendon to the third. 
Occasionally the second tendon is connected to the first by a thin oblique 
band. 

Nerve-supply. — The Extensor digitorum communis is supplied by the seventh 
cervical nerve through the deep radial nerve. 

Actions. — The Extensor digitorum communis extends the phalanges and then 
the wrist. Owing to its attachments to the collateral ligaments of the metacarpo- 
phalangeal joints it acts principally on the proximal phalanges, the middle and 
terminal phalanges being extended mainly by the Interossei and Lumbricales ; it 
tends to separate the fingers as it extends them. 

The Extensor digiti quinti proprius (fig. 580) is a slender muscle medial 
to, and usually connected with, the Extensor digitorum communis. It arises 
from the common extensor tendon by a thin tendinous slip, and from the 
intermuscular septa between it and the adjacent muscles. Its tendon runs 
through a compartment of the dorsal carpal ligament behind the distal 
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radio-ulnar joint, then divides 
into two as it crosses the hand, 
and finally joins the expansion 
of the Extensor digitornm com- 
munis tendon on the dorsum of 
the first phalanx of the fifth 
digit. 

Nerve-supply. — The Extensor 
digiti quinti proprius is supplied "by 
the seventh cervical nerve through 
the deep radial nerve. 

Actions. — -The Extensor digiti 
quinti proprius extends the little 
finger and by its continued action 
extends the wrist. 

The Extensor carpi ulnaris 

(figs. 579, 580) arises from the 
lateral epicondyle of the humerus, 
by the common extensor tendon ; 
from the dorsal border of the ulna 
by an aponeurosis in common with 
the Flexor carpi ulnaris and the 
Flexor digitorum profundus ; and 
from the antibrachial fascia. It 
ends in a tendon, which runs in 
a groove between the head and 
the styloid process of the ulna, 
passing through a separate com- 
partment of the dorsal carpal 
ligament, and is inserted into 
the tubercle on the ulnar side of 
the base of the fifth metacarpal 
bone. 

Nerve-supply. — The Extensor 
carpi ulnaris is supplied by the 
seventh cervical nerve through the 
deep radial nerve. 

Actions.— The Extensor carpi 
ulnaris extends the wrist and 
adducts the hand. 

The Anconaeus (figs. 580, 581) 
is a small triangular muscle on 
the back of the elbow-joint, and 
appears to be a continuation of 
the Triceps brachii. It arises by a 
separate tendon from the posterior 
part of the lateral epicondyle of 
the humerus; its fibres diverge 
and are inserted into the side of 
the olecranon, and upper one- 
fourth of the dorsal surface of the 
body of the ulna. 

Nerve-supply. — The Anconaeus 
is supplied by the seventh and 
eighth cervical nerves through the 
radial nerve. 

Action. — The Anconaeus assists 
the Triceps in extending the elbow- 
joint. 


Fig. 5S0. — The left dorsal antibrachial muscles. 
Superficial group. 
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(b) Deep Group (fig. 581) 

Supinator. Extensor pollieis brevis. 

Abductor poUicis longus. Extensor pollieis longus. 

Extensor indicis proprius. 


The Supinator (Supinator brevis) (figs. 576, 581, 582) curves round the upper 
one-third of the radius. It consists of fibres arranged in two planes, between 

which the deep branch of the 

Fig. 581. — The left dorsal aiitibrachial muscles. 
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radial nerve passes. The two 
planes arise in common — the 
superficial one by tendinous 
and the deeper by muscular 
fibres — from the lateral epi- 
condyle of the humerus ; from 
the radial collateral ligament 
of the elbow-joint, and the 
annular ligament of the proxi- 
mal radio-ulnar joint ; from 
the ridge on the ulna, which 
runs obliquely downwards 
from the dorsal end of the 
radial notch ; from the distal 
part of the triangular depres- 
sion below the notch ; and 
from a tendinous expansion 
which covers the surface of 
the muscle. The superficial 
fibres surround the upper part 
of the radius, and are inserted 
into the lateral edge of the 
radial tuberosity and the 
oblique line of the radius as 
low down as the insertion of 
the Pronat or teres . The upper 
fibres of the deeper plane form 
a sling-like fasciculus, which 
encircles the neck of the radius 
above the tuberosity and is 
attached to the back part of 
its medial surface : the greater 
part of this portion of the 
muscle is inserted into the 
dorsal and lateral surfaces of 
the body of the radius, between 
the oblique line and the head 
of the bone. 

Nerve-supply. — The Supin- 
ator is supplied by the fifth and 
sixth cervical nerves through 
the deep radial nerve. 

Actions. — The Supinator 
rotates the radius so as to turn 
the palm of the hand forwards. 

The Abductor pollieis 
longus (Extensor ossis meta- 
carpi pollieis) (figs. 579, 580, 
581) lies immediately below 
the Supinator and is some- 
times united with it. It arises 
from the lateral part of the 
dorsal surface of the body of 
the ulna below the insertion 
of the Anconseus, from the 
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interosseous membrane, and from the middle one-third of the dorsal surface of 
the body of the radius. Passing obliquely downwards and lateralwards, it ends 
in a tendon (frequently two tendons), which runs through a groove on the 
lateral side of the lower end of the radius, accompanied by the tendon of the 
Extensor pollicis brevis, and is inserted into the radial side of the base of 
the first metacarpal bone. It occasionally gives off two slips near its insertion : 
one to the greater multangular 

bone, and the other to blend Fig. 582 . — The right Supinator. Dorsolateral 
with the origin of the Abductor aspect, 

pollicis brevis. 

Nerve-supply. — The Abductor 
pollicis longus is supplied by the 
seventh cervical nerve through 
the deep radial nerve. 

Actions. — The Abductor pol- 
licis longus abducts the thumb 
and hand. In the absence 
through paralysis of the two 
flexors of the wrist-joint the 
muscle may flex the hand on 
the wrist with some considerable 
force (F. Wood Jones).* 

The Extensor pollicis 
brevis (figs. 580, 581) lies on 
the medial side of, and is closely 
connected with, the Abductor 
pollicis longus. It arises from 
the dorsal surface of the body 
of the radius below that muscle, 
and from the interosseous mem- 
brane. Its direction is similar 
to that of the Abductor pollicis 
longus, its tendon passing 
through the same groove on 
the lateral side of the lower 
end of the radius, to be inserted 
into the dorsal surface of the 
base of the first phalanx of the 
thumb. 

Nerve-supply. — The Extensor 
pollicis brevis is supplied by the 
seventh cervical nerve through 
the deep radial nerve. 

Actions. — The Extensor pol- 
licis brevis extends the proximal phalanx of the thumb ; by its continued action it 
extends the wrist, and abducts the hand. 

The Extensor pollicis longus (figs. 580, 581) is larger than the preceding 
muscle, the origin of which it partly covers. It arises from the lateral part of 
the middle one-third of the dorsal surface of the body of the ulna below the 
origin of the Abductor pollicis longus, and from the interosseous membrane. 
It ends in a tendon, which passes through a compartment of the dorsal carpal 
ligament, lying in a narrow, oblique groove on the back of the lower end of the 
radius. It then crosses obliquely the tendons of the Extensores carpi radiales 
longus et brevis, and is separated from the Extensor brevis pollicis by a 
triangular interval, in which the radial artery is found ; it is inserted into the 
base of the last phalanx of the thumb. The radial artery is crossed by the 
tendons of the Abductor pollicis longus and of the Extensores pollicis longus 
et brevis. 

Nerve-supply. — The Extensor pollicis longus is supplied by the seventh cervical 
nerve through the deep radial nerve. 

Actions. — The Extensor pollicis longus extends the terminal phalanx of the 
thumb ; by its continued action it extends the wrist, and abducts the hand. 

* ‘ The principles of Anatomy as seen in the hand,’ 1920. 
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The Extensor indicis proprius (fig. 581) is a narrow, elongated muscle, 
medial to, and parallel with, the preceding. It arises from the dorsal surface 
of the body of the ulna below the origin of the Extensor pollicis longus, and 
from the interosseous membrane. Its tendon passes under cover of the dorsal 
carpal ligament in the compartment which transmits the tendons of the 
Extensor digitorum communis ; opposite the head of the second metacarpal 
bone it joins the ulnar side of the tendon of the Extensor digitorum communis 
which runs to the index finger. 

Nerve-supply. — The Extensor indicis proprius is supplied by the seventh cervical 
nerve through the deep radial nerve. 

Actions. — The Extensor indicis proprius extends the index finger, and assists in 
extending the wrist. 

Applied Anatomy . — The tendons of the Abductor longus and extensors of the thumb 
are liable to become strained, and their sheaths inflamed (tenosynovitis) after excessive 
exercise, producing a sausage-shaped swelling along the course of the tendons and giving 
a peculiar grating sensation to the touch when the muscles are put in action. 

Paralysis of the extensor muscles of the wrists and fingers resulting in £ wrist- drop 5 
is common in lead poisoning in painters. The different extensor muscles are affected 
unequally as a rule. Thus the thumb, or index, or little finger may be but slightly impli- 
cated, and recover rapidly while the extensors of the other fingers or wrist remain power- 
less ; and some of the flexor muscles of the fingers may become paretic. This apparently 
selective action of the lead in cases of lead poisoning depends in reality upon occupational 
over use of the affected muscles or groups of muscles. 


VI. The Muscles oe the Hand 


The muscles of the hand are subdivided into three groups : 1, those of the 
thumb, which occupy the radial side and produce the thenar eminence ; 
2, those of the little finger, which occupy the ulnar side and give rise to the 
hypothenar eminence ; 3, those in the middle of the palm and between the 
metacarpal bones. 


Fig. 583. — A transverse section through the distal ends of the left radius and ulna. 
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The volar carpal ligament is the thickened band of antibrachial fascia 
which extends from the radius to the ulna in front of the flexor tendons as 
they approach the wrist. 

The transverse carpal ligament (anterior annular ligament) (figs. 584, 585) 
is a strong, fibrous band, which crosses the front of the carpus, and converts 
the concavity formed by the volar surfaces of the carpal bones into a tunnel, 
through which the flexor tendons of the digits and. the median nerve pass. 
It is attached, medially, to the pisiform bone and to the hamulus of the hamate 
bone ; laterally, it splits into two laminae, a superficial attached to the tubercles 
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of the navicular and greater multangular bones, and a deep to the posterior lip 
of the groove on the latter bone ; the two laminae form with the groove on the 
greater multangular bone a tunnel which is traversed by a mucous sheath con- 
taining the tendon of the Flexor carpi radialis. The ligament is continuous, 
above, with the volar carpal ligament ; and below, with the palmar aponeurosis. 
It is crossed superficially by the ulnar vessels and nerve, and the cutaneous 
branches of the median and ulnar nerves. On its volar surface the tendons 
of the Palmaris longus and Flexor carpi ulnaris are partly inserted ; below, 
it gives origin to the short muscles of the thumb and little finger. 

The mucous sheaths of the tendons on the front of the wrist. — Two 
mucous sheaths envelop the flexor tendons as they traverse the carpal tunnel, 
one for the Flexores digitorum sublimis et profundus, the other for the Flexor 
pollicis longus (fig. 585). These sheaths extend into the forearm for about 
2*5 cm. above the transverse carpal ligament, and occasionally communicate 
with each other behind the ligament. The sheath of the Flexores digitorum 


Fig. 584. — A transverse section through the left wrist. Superior aspect. 
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tendons reaches about halfway along the metacarpal bones, where it ends in 
blind diverticula around the tendons to the index, middle, and ring fingers. 
It is prolonged on the tendons to the little finger and usually communicates 
with the digital mucous sheath of these tendons. The sheath of the tendon 
of the Flexor pollicis longus is continued along the thumb as far as the insertion 
of the tendon. The mucous sheaths enveloping the terminal parts of the 
tendons of the Flexores digitorum have been described (p. 510). 

The dorsal carpal ligament (posterior annular ligament) (fig. 586) is a 
strong, fibrous band, extending obliquely across the back of the wrist, and 
consisting of part of the antibrachial fascia, strengthened by the addition 
of some transverse fibres. It is attached, medially, to the styloid process of 
the ulna and to the triquetral and pisiform bones ; laterally, to the lateral 
margin of the radius ; and, in its passage across the wrist, to the ridges on 
the dorsal surface of the radius. 

The mucous sheaths of the tendons on the back of the wrist. — 

Beneath the dorsal carpal ligament there are six compartments for the passage 
of the extensor tendons, each compartment containing a mucous sheath. 
One is found in each of the following positions (fig. 586) : (1) on the lateral side 
of the styloid process, for the tendons of the Abductor pollicis longus and 
Extensor pollicis brevis ; (2) behind the styloid process, for the tendons of the 
Extensores carpi radiales longus et brevis ; (3) about the middle of the dorsal 
surface of the radius, for the tendon of the Extensor pollicis longus ; (4) to 
the medial side of the latter, for the tendons of the Extensor digitorum 
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communis and Extensor indicis proprius ; (5) opposite the interval between 
tne radius and ulna, for the Extensor digiti quinti proprius ; (6) between the 
head and the styloid process of the ulna, for the tendon of the Extensor carui 
uinans. The sheaths of the tendons of the Abductor pollicis longus, Extensor 


Fig. 585. — The mucous sheaths of the tendons on the front of the left wrist and hand 
(From a specimen prepared by J. C. B. Grant.) 
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The palmar aponeurosis (fig. 587) invests the muscles of the palm, and 
consists of central, lateral, and medial portions. 

The central portion occupies the middle of the palm, is triangular in shape, 
and of great strength and thickness. Its apex is continuous with the distal 


Fig. 586. — The mucous sheaths of the tendons on the back of the left wrist. 
(From a specimen prepared by J. C. B. Grant.) 



margin of the transverse carpal ligament, and gives insertion to the expanded 
tendon of the Palmaris longus. Its base divides into four slips, one for each 
finger. The slips give off superficial fibres to the skin of the palm and fingers ; 
those to the palm joining the skin at the furrow corresponding to the meta- 
carpophalangeal articulations, and those to the fingers passing into the skin 
at ; the transverse folds at the roots of the fingers. The deeper part of each 
g.a. 
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slip subdivides into two processes, which are inserted into the fibrous sheaths 
of the flexor tendons ; from the sides of these processes offsets are attached 
to the transverse metacarpal ligament. By this arrangement short channels 
are formed on the front of the heads of the metacarpal bones ; through these 
the flexor tendons pass. The intervals between the. four slips transmit the 
digital vessels and nerves, and the tendons of the Lumbricales. At the points 
of division into the slips mentioned, numerous strong, transverse fibres bind 


Fig. 587. — The right palmar aponeurosis. 



the separate processes together. The central part of the palmar aponeurosis 
is intimately bound to the skin by dense fibro-areolar tissue, and gives origin 
by its medial margin to the Palmaris brevis. It covers the superficial volar 
arch, the tendons of the Flexores digit orum, the terminal part of the median 
nerve, and the superficial part of the ulnar nerve ; on either side it gives off 
a septum which separates the intermediate from the lateral and medial groups 
of muscles. 

The lateral and medial portions of the palmar aponeurosis are thin, fibrous 
layers, which cover the muscles of the ball of the thumb, and the short muscles 
of the little finger respectively ; they are continuous with the central portion 
and with the fascia on the dorsum of the hand. 

The superficial transverse fasciculi form a thin band (fig. 587) which 
stretches across the roots of the fingers, and is attached to the skin of the 
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clefts, and medially to the fifth metacarpal bone, forming a sort of rudimentary 
web. The digital vessels and nerves pass beneath these fasciculi. 

Applied Anatomy . — The palmar aponeurosis is liable to undergo contraction, pro- 
ducing a very inconvenient deformity known as ‘ Dupuytren's contraction.’ The ring 
and little fingers are most frequently implicated, but the others may also be involved. 
The proximal phalanx is flexed and cannot be straightened, and the two distal phalanges 
become similarly flexed as the disease advances. 

Owing to their constant exposure to injury and septic influences, the fingers are very 
liable to become the seat of serious inflammatory mischief. In some cases, the inflam- 
mation may involve the theca of the flexor tendons, and a thecal paronychia may result. 
The inflammation then rapidly spreads up the sheath] but the extent will depend upon 
the particular digit involved. From the description of the flexor sheaths given above, it 
will be evident that inflammation of the mucous sheaths of the thumb and little finger 
may prove a far more formidable affection than that of the other three digits , because the 
sheaths of these two digits communicate with the large mucous sheath which surrounds 
the flexor tendons (p. 519), and the inflammation may extend into the palm of the hand 
and behind the transverse carpal ligament into the forearm. 

In order to relieve these conditions, free and early incisions are necessary, and must be 
made with discrimination, in order to avoid wounding important structures. In the pulp 
of the finger — i.e. over the distal phalanx — the incision should be made in the middle line 
and down to the bone. In the rest of the finger, the incision should be made in the middle 
line over the phalanges, and not over the Interphalangeal joints. In the palm of the hand, 
incisions may be made either on the distal or proximal side of the superficial volar arch. 
On the distal side the incisions should be made over the metacarpal bones, preferably 
those of the index and middle finger. On the proximal side, the safest line of incision is 
along the radial side of the hypothenar eminence, between the ulnar artery and nerve 
medially, and the median nerve laterally. When suppuration has extended under the 
transverse carpal ligament, and incisions are required in the forearm, the positions in 
which they should be made are over the tendons of the Flexor digitorum sublimis, 
between the median nerve and the ulnar artery, and over the tendon of the Flexor pollicis 
longus, between the radial artery and the tendon of the Flexor carpi radialis. 

Chronic inflammation of the common flexor sheath is occasionally met with, consti- 
tuting a disease known as compound palmar ganglion; it presents an hour-glass outline, 
with a swelling in front of the wrist and another in the palm of the hand, and a constric- 
tion, corresponding to the transverse carpal ligament, between the two. The fluid can 
be forced from the one swelling to the other under the ligament, and when this is done, a 
creaking sensation is sometimes perceived, from the presence of ‘ melon-seed ’ bodies in 
the interior of the ganglion. 


1. The Lateral Volar Muscles (figs. 588, 589) 

Abductor pollicis brevis. Flexor pollicis brevis. 

Opponens pollicis. Adductor pollicis. 

The Abductor pollicis brevis (fig. 589) is a thin, subcutaneous muscle ; 
it arises from the transverse carpal ligament, the tuberosity of the navicular 
bone, and the ridge of the greater multangular hone. It is inserted by a thin, 
flat tendon into the radial side of the base of the first phalanx of the thumb 
and the capsule of the metacarpophalangeal articulation. 

Nerve-supply. — The Abductor pollicis brevis is supplied by the sixth and seventh 
cervical nerves through the median nerve. 

Actions. — The Abductor pollicis brevis draws the thumb forwards in a plane 
at right angles to the palm of the hand and abducts the proximal phalanx. 

The Opponens pollicis (figs. 588, 589) is placed beneath the Abductor 
pollicis brevis. It arises from the ridge on the greater multangular bone, and 
from the transverse carpal ligament, and is inserted into the whole of the 
anterolateral surface of the metacarpal bone of the thumb on its radial side. 

Nerve-supply. — The Opponens pollicis is supplied by the sixth and seventh 
cervical nerves through the median nerve. 

Actions. — The Opponens pollicis flexes the metacarpal hone of the thumb, i.e. 
bends it medialwards across the palm of the hand. 

The Flexor pollicis brevis (fig. 589) consists of two portions, superficial 
and deep. The superficial portion arises from the lower border of the transverse 
carpal ligament and the lower part of the ridge on the greater multangular 
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bone ; it passes along the radial side of the tendon of the Flexor pollieis longus, 
and is inserted into the radial side of the base of the first phalanx of the thumb ; 
in its tendon of insertion there is a sesamoid bone. The deep portion is very 
small. It arises from the ulnar side of the base of the first metacarpal bone 
and is inserted into the ulnar side of the base of the first phalanx with the 
oblique part of the Adductor pollieis ; it is sometimes described as the first 
volar interosseous muscle. 

Nerve-supply. — The superficial portion of the Flexor pollieis brevis is supplied 
by the sixth and seventh cervical nerves through the median nerve ; the deep portion 
by the eighth cervical nerve through the ulnar nerve. 

Actions. — The Flexor pollieis brevis flexes and adducts the proximal phalanx of 
the thumb. 


Fio. 588. — The right Opponens pollieis, Adductor pollieis and Opponens digiti quinti. 



The Adductor pollieis (fig. 588) consists of an oblique and a transverse 
part. The oblique part arises from the capitate and lesser multangular bones, 
the bases , of the second and third metacarpal bones, the intercarpal ligaments, 
and the sheath of the tendon of the Flexor carpi radialis. Most of its fibres 
converge to a tendon, which, uniting with the tendons of the deep portion of 
the Flexor pollieis brevis and the transverse part of the Adductor, is inserted 
into the ulnar side of the base of the first phalanx of the thumb, a sesamoid 
bone being present in the tendon. A considerable fasciculus, however, passes 
beneath the tendon of the Flexor pollieis longus and joins the superficial portion 
of the Flexor pollieis brevis and the Abductor pollieis brevis. The transverse 
part (fig. 588) is the most deeply seated of this group of muscles. It is of a 
triangular form, and arises from the distal two-thirds of the volar surface of 
the third metacarpal bone ; the fibres converge, to be inserted with the oblique 
part of the muscle and with the deep part of the Flexor pollieis brevis into 
the ulnar side of the base of the first phalanx of the thumb. 

Nerve-supply. — The Adductor pollieis is supplied by the eighth cervical nerve 
through the ulnar nerve. 

Action. — The Adductor pollieis approximates the thumb to the palm of the 
hand. 
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in which the cephalic vein and deltoid branch of the thoraco-acromial artery lie. Its 
lower border forms the anterior fold of the axilla; it is separated from the Latissimus 
dorsi by a considerable interval at the medial wall of the axilla, but the two muscles 
.gradually converge towards the lateral wall of the space. 

Nerve-supply. — The Pectoralis major is supplied by the medial and lateral 
interior thoracic nerves ; through these it receives filaments from all the nerves 
^entering into the formation of the brachial plexus ; the fibres for the clavicular part 
of the muscle are derived from the fifth and sixth cervical nerves. 

Actions. — The Pectoralis major adducts the arm. If the arm be flexed the 
muscle draws it forwards across the front of the chest and rotates it inwards. When 
the arms are fixed the Pectorales majores draw the trunk upwards and forwards as 
in climbing. 

The coracoclavicular fascia (costocoracoid membrane) is a strong fascia 
situated under cover of the clavicular portion of the Pectoralis major. It 
occupies the interval between the Pectoralis minor and Subelavius, and protects 
■the axillary vessels and nerves. Traced upwards, it splits to enclose the 
•Subelavius, and is attached to the clavicle, in front of and behind the muscle • 
the layer behind the muscle fuses with the fascia colli and with the sheath of 
the axillary vessels. Medially, the coracoclavicular fascia blends with the 
fascia covering the first two intercostal spaces, and is attached also to the first 
rib medial to the origin of the Subelavius. Laterally, it is thick and dense, and 
is attached to the coracoid process. The portion extending from the first 
rib to the coracoid process is often stronger than the rest, and is sometimes 
called the costocoracoid ligament. Below this, the fascia is thin ; it splits to 
ensheathe the Pectoralis minor ; and from the lower border of this muscle is 
continued downwards to join the axillary fascia, and lateralwards to unite 
with the fascia covering the short head of the Biceps brachii. The coraco- 
clavicular fascia is pierced by the cephalic vein, thoraco-acromial artery and 
vein, and lateral anterior thoracic nerve. 

The Pectoralis minor (fig. 570) is a thin, triangular muscle, situated at 
the upper part of the thorax, deep to the Pectoralis major. It arises from the 
upper margins and outer surfaces of the third, fourth, and fifth ribs, near their 
cartilages, and from the aponeuroses covering the Intercostales externi ; the 
fibres pass upwards and lateralwards, and converge to form a flat tendon, which 
is inserted into the medial border and upper surface of the coracoid process 
of the scapula. Sometimes a part or the whole of the tendon is continued over 
the coracoid process and through the coraco -acromial ligament ; when this 
occurs the tendon blends with the coracohumeral ligament and thus gains an 
attachment to the humerus. 

Relations.— Its anterior surface is in relation with the Pectoralis major, the lateral 
anterior thoracic nerve, and the pectoral branch of the thoraco-acromial artery ; its pos- 
terior surface , with the ribs. Intercostales externi, Serratus anterior, the axillary space, and 
the axillary vessels and brachial plexus of nerves. Its upper border is separated from the 
clavicle by a narrow triangular interval occupied by the coracoclavicular fascia, behind 
which are the axillary vessels and nerves. Running parallel with the lower border of the 
muscle is the lateral thoracic artery ; piercing and partly supplying the muscle is the medial 
anterior thoracic nerve. 

Nerve-supply. — The Pectoralis minor is supplied by the seventh and eighth 
nervical and first thoracic nerves through the anterior thoracic nerves. 

Actions. — The Pectoralis minor depresses the scapula and rotates it by drawing 
the lateral angle downwards and forwards. When the arm is fixed it assists in 
•elevating the ribs in forced inspiration. 

The Subelavius (fig. 570) is a small triangular muscle, placed between 
the clavicle and first rib. It arises by a short, thick tendon from the junction 
•of the first rib and first costal cartilage, in front of the costoclavicular ligament ; 
the fleshy fibres proceed obliquely upwards and lateralwards, to be inserted into 
the groove on the under surface of the clavicle between the costoclavicular 
and coracoclavicular ligaments. 

Relations.— Its posterior surface is separated from the first rib by the subclavian 
vessels and brachial plexus of nerves. Its anterior surface is separated from the Pec- 
toralis major by the coracoclavicular fascia, which, with the clavicle, forms an osseo- 
fibrous sheath for the muscle. 
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Action. — The Palmaris brevis corrugates the skin on the ulnar side of the palm 
of the hand. 

The Abductor digiti quinti (fig. 589) is situated on the ulnar border of 
the palm of the hand. It arises from the pisiform bone and from the tendon 
of the Flexor carpi ulnaris, and ends in a flat tendon which divides into two slips ; 
one is inserted into the ulnar side of the base of the first phalanx of the little 
finger, the other into the ulnar border of the aponeurosis of the Extensor 
digiti quinti proprius. 

Nerve-supply. — The Abductor digiti quinti is supplied by the eighth cervical 
nerve through the ulnar nerve. 

Action. — The Abductor digiti quinti abducts the proximal phalanx of the little 
finger. 

The Flexor digiti quinti brevis (fig. 589) lies on the radial side of the 
preceding muscle. It arises from the convex surface of the hamulus of the 
hamate bone and the volar surface of the transverse carpal ligament, and is 
inserted into the ulnar side of the base of the first phalanx of the little finger. 
It is separated from the Abductor by the deep volar branches of the ulnar 
artery and nerve. This muscle is sometimes wanting ; the Abductor is then, 
usually, of large size. 

Nerve-supply. — The Flexor digiti quinti brevis is supplied by the eighth cervical 
nerve through the ulnar nerve. 

Actions. — The Flexor digiti quinti brevis flexes and abducts the proximal 
phalanx of the little finger. 

The Opponens digiti quinti (fig. 588) is of a triangular form, and placed 
under cover of the Flexor and Abductor. It arises from the convexity of 
the hamulus of the hamate bone, and contiguous portion of the transverse 
carpal ligament ; it is inserted into the whole length of the ulnar margin of 
the fifth metacarpal bone. 

Nerve-supply. — The Opponens digiti quinti is supplied by the eighth cervical 
nerve through the ulnar nerve. 

Action. — The Opponens digiti quinti draws forwards the fifth metacarpal bone, 
so as to deepen the hollow of the palm. 


3. The Intermediate Muscles 
Lumbricales, » Interossei. 

The Lumbricales (fig. 589) are four small fleshy fasciculi, which take origin 
from the tendons of the Flexor digit orum profundus. The first and second 
arise from the radial sides and volar surfaces of the tendons of the index and 
middle fingers respectively ; the third, from the contiguous sides of the tendons 
of the middle and ring fingers ; and the fourth, from the contiguous sides of 
the tendons of the ring and little fingers. Each passes to the radial side of the 
corresponding finger, and opposite the metacarpophalangeal articulation is 
inserted into the tendinous expansion of the Extensor digit orum communis 
covering the dorsal surface of the finger. 

Nerve-supply. — The first and second Lumbricales are supplied by the sixth 
and seventh cervical nerves through the median nerve ; the third and fourth 
Lumbricales by the eighth cervical through the ulnar nerve. The third Lumbricalis 
frequently receives a twig from the median nerve. 

Actions.— -The Lumbricales flex the proximal and extend the middle and terminal 
phalanges. 

The Interossei occupy the intervals between the metacarpal bones, and 
are divided into a dorsal and a volar set. 

The Interossei dorsales (fig. 590), four in number, are bipennate muscles, 
each arising by two heads from the adjacent sides of the metacarpal bones, 
but more extensively from the metacarpal bone of the finger into which the 
muscle is inserted. They are inserted into the bases of the first phalanges 
and into the aponeuroses of the tendons of the Extensor digitorum communis. 
Between the double origin of each of these muscles is a narrow triangular 
interval ; through the first of these intervals the radial artery passes ; through 
each of the others a perforating branch from the deep volar arch- is transmitted. 
The first or Abductor indicis is larger than the others ; it is inserted into the 
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radial side of the index finger. The second and third are inserted into the 
middle finger, the former into its radial, the latter into its ulnar side. The 
fourth is inserted into the ulnar side of the ring finger. 

The Interossei volares (fig. 591), three in number, are smaller than the 
Inter ossei dorsales, and are placed upon the volar surfaces of the metacarpal 
bones, rather than between them. Each arises from the entire length of the 
metacarpal bone of one finger, and is inserted into the side of the base of the first 
phalanx of the same finger, and into the aponeurosis of the Extensor digitorum 
communis tendon. 


Fig. 590. — The Interossei dorsales of the Fig. 591. — The Interossei volares of the 

left hand. Dorsal aspect. left hand. Volar aspect. 




The first arises from the ulnar side of the second metacarpal bone, and is 
inserted into the same side of the first phalanx of the index finger. The second 
arises from the radial side of the fourth metacarpal bone, and is inserted into 
the same side of the ring finger. The third arises from the radial side of the 
fifth metacarpal bone, and is inserted into the same side of the little finger. 
From this account it may be seen that each finger is provided with a pair of 
Interossei, with the exception of the little finger, in which the Abductor digiti 
quinti takes the place of one of the pair. 

As already mentioned (p. 524), the deep head of Flexor pollicis brevis is 
sometimes described as the first volar interosseous muscle. 

Nerve-supply.— The Interossei dorsales et volares are supplied by the eighth 
cervical nerve through the ulnar nerve. 

Actions. — The Interossei dorsales abduct the fingers from an imaginary line 
drawn longitudinally through the centre of the middle finger ; and the Interossei 
volares adduct the fingers to that line. The Interossei, in conjunction with . the 
Lumbricales, flex the first phalanges, and, in consequence of their insertions into 
the expansions of rhe Extensor tendons, extend the second and third phalanges. 

Applied Anatomy . — In considering the actions of the various muscles upon fractures 
of the upper extremity, the most common forms of injury have been selected both for 
illustration and description. 

Fracture of the middle of the clavicle (fig. 592) is usually attended with considerable 
displacement of the lateral fragment, which is drawn downwards and medialwards, and 
at the same time" rotated, so that its lateral end is carried forwards and its medial end 
backwards. 
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The displacement is produced as follows : the lateral fragment is drawn downwards by 
the weight of the arm, the Trapezius not being able to support this. It is drawn medial- 
wards by the Subclavius and Pectoralis minor, possibly assisted by the Pectoralis major 
and Latissimus dorsi; and is rotated on an axis drawn through its own centre by the 
Serratus anterior, which causes the scapula to rotate on the wall of the chest, and carries 
the acromion and the end of the lateral fragment of the clavicle forwards, and so carries 
the medial end of the lateral portion backwards. Lying on the back keeps the scapula 
in position and allows gravity to rectify the displacement of the lateral fragment. 

In fracture of the acromial end of the clavicle , between the conoid and trapezoid 
ligaments, only slight displacement occurs, as these ligaments, from their oblique inser- 
tion, serve to hold both portions of the bone in apposition. Fracture, also, of the sternal 
endy medial to the costoclavicular ligament, is attended with only slight displacement, 
this ligament serving to retain the fragments in close apposition. 


Fig. 592. — A fracture of the middle 
of the clavicle. 



Fracture of the acromion is usually caused by violence applied to the upper and lateral 
part of the shoulder. There is great displacement; the lateral fragment being drawn 
downwards by the weight of the arm, and rotated forwards and medialwards, so that it 
forms a right angle with the rest of the bone. 

Fracture of the suraicd 1 neck of the hum.erus (fig. 593) is very common. It is attended 
with considerable cisp'ac;.men:, and its appearances correspond somewhat with those 
of dislocation of the head of the humerus into the axilla. The upper fragment remains 
in its place under the coraco-acromial ligament; the lower is drawn medialwards by 
the Pectoralis major, Latissimus dorsi, and Teres major; and the humerus is thrown 
obliquely from the side of the chest by the Deltoideus, and occasionally elevated so as to 
cause the upper end of the lower fragment to project beneath and in front of the coracoid 
process. 

In fracture of the body of the humerus below the insertion of the Pectoralis major, 
Latissimus dorsi, and Teres major, and above the insertion of the Deltoideus, there is also 
considerable deformity, the upper fragment being drawn medialwards by the first- 
mentioned muscles, and the lower fragment upwards and lateralwards by the Deltoideus. 
Shortening of the limb results, with a considerable prominence at the seat of fracture, 
from the fractured ends of the bone riding over one another, especially if the fracture take 
place in an oblique direction. 

In fracture of the body of the humerus immediately below the insertion of the 
Deltoideus the amount of deformity depends greatly upon the direction of the fracture. 
If it occur in a transverse direction, only slight displacement takes place, the upper 
fragment being drawn a little forwards; but in oblique fracture, the combined actions of 
the Biceps brachii and Brachialis in front and the Triceps brachii behind draw upwards 
the lower fragment, causing it to glide over the upper, either backwards or forwards, 
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according to tlie direction of the fracture. It is in this fracture that the chest-wall is found 
to make the best splint for the medial side of the bone. 

Fracture of the humerus immediately above the condyles (fig. 594) deserves very attentive 
consideration, as the general appearances correspond somewhat with those produced by 
separation of the epiphysis, of the humerus, and with those of dislocation of the radius and 
ulna backwards. If the direction of the fracture is oblique, from above, downwards and 


Fig. 594. — A fracture of the humerus 
above the condyles. 



I4g. 595. — A fracture of the oleeranon. 



forwards, the lower fragment is drawn upwards by the Brachialis and Biceps brachii in 
front, and the Triceps brachii behind ; and at the same time is drawn backwards behind 
the upper fragment by the Triceps brachii. This fracture may be diagnosed from dis- 
location, by the increased mobility, the existence of crepitus, and the fact that the deformity 
is remedied by extension, but is reproduced on the discontinuance of it. The age of the 
patient is of importance in distinguishing this form of injury from separation of the epiphysis. 
In some cases where the injury has been produced by falls on the elbow, the lower fragment 
is drawn upwards and forwards, causing a considerable prominence in front, the upper 
fragment projecting backwards beneath the tendon of the Triceps brachii. In the treatment 
of fractures of the lower end of the humerus, acute flexion of the elbow- joint gives the best 
results ; this is especially so in children. 

In fracture of the olecranon (fig. 595) the detached fragment is displaced upwards from 
1 cm. to 5 cm. by the action of the Triceps brachii ; the prominence of the elbow is con- 
sequently lost, and a deep hollow is felt at the back part of the joint, which is much increased 
on flexing the limb. . The patient at the same time loses, more or less, the power of extending 
the forearm. 

In fracture of the radius below the insertion of the Biceps brachii, but above the insertion 
of the Pronator teres, the upper fragment is strongly supinated by the Biceps brachii and 
Supinator, and at the same time drawn 
forwards by the Biceps brachii, the 
lower fragment is pronated and drawn 
towards the ulna by both Pronators. 

Thus there is extreme displacement 
with very little deformity. This frac- 
ture should be treated with the hand 
in full supination so as to insure that 
lower fragment of the radius will be 
supinated to the extent of the upper 
fragment. 

In fractures of the radius below the 
insertion of the Pronator teres (fig. 596), 
the upper fragment is drawn upwards 
by the Biceps brachii and medialwards by the Pronator teres, into a position midway 
between pronation and supination, and a degree of fulness in the upper half of the forearm 
is thus produced. The lower fragment is drawn downwards towards the ulna and pronated 
by the Pronator quadratus ; at the same time, the Brachioradialis, by elevating the styloid 
process, into which it is inserted, will serve to depress the upper end of the lower fragment, 
still more towards the ulna. 


Fig. 596. — A fracture of the body of the radius. 
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In fracture of the body of the ulna the upper fragment retains its usual position, but 
the lower is drawn towards the radius by the Pronator quadratus, producing a well-marked 
depression at the seat of fracture, and some fulness on the dorsal and volar surfaces of the 
forearm. 

In fracture of the bodies of the radius and ulna together , the lower fragments are drawn 
upwards, sometimes forwards, sometimes backwards, according' to the direction of the 
fracture, by the combined actions of the flexor and extensor muscles, producing a degree 
of fulness on either the dorsal or volar surface of the forearm. At the same time the lower 
fragments are drawn into contact by the Pronator quadratus, the radius being in a state 
of pronation. The upper fragment of the radius is drawn upwards and medialwards by 
the Biceps brachii and Pronator teres to a higher level than thq ulna ; the upper portion 
of the ulna is slightly elevated by the Brachialis. 


Fig. 597. — A fracture of the lower end of the radius. 



In fracture of the lower end of the radius (fig. 597) the displacement produced is very 
considerable, and bears some resemblance to dislocation of the carpus backwards, from 
which it should be carefully distinguished. The lower fragment is displaced backwards 
and upwards, but this displacement is due to the force of the blow driving the portion of 
the bone into this position, and not to any muscular influence. The upper fragment 
projects forwards, often lacerating the substance of the Pronator quadratus, and is drawn 
by this muscle into close contact with the lower end of the ulna, causing a projection on 
the volar surface of the forearm, immediately above the carpus, from the flexor tendons 
being thrust forwards. This fracture may be distinguished from dislocation by the relative 
positions of the styloid processes of the radius and ulna (the former of which is displaced 
upwards in fracture) and by the deformity being removed on making sufficient extension, 
when crepitus may be occasionally detected. The age of the patient will assist in deter- 
mining whether the injury is fracture or separation of the epiphysis. During treatment 
of this fracture the wrist should be kept fully hyperextended (p. 395). 


THE FASCIA AND MUSCLES OF THE LOWER EXTREMITY 

The muscles of the lower extremity are subdivided into groups corresponding 
with the different regions of the limb. 

I. Muscles of the iliac region. III. Muscles of the leg. 

II. Muscles of the thigh. IY. Muscles of the foot. 


I. The Muscles oe the Iliac Region (fig. 598) 

Psoas major. Psoas minor. Iliacus. 

The fascia iliaca covers the Psoas and Iliacus. It is thin above, and 
becomes gradually thicker as it approaches the inguinal ligament. 

The 'portion covering the Psoas is thickened above to form the medial lumbo- 
costal arch which stretches from the transverse process of the first to the 
body of the second lumbar vertebra. Medially, this portion of the fascia is 
attached by a series of arched processes to the intervertebral fibrocartilages, 
and pr ominent margins of the bodies of the vertebrae, and to the upper part 
of the sacrum. Laterally, above the crest of the ilium, it is continuous with 
the fascia covering the front of the Quadratus lumborum (p. 481), while below 
the crest of the ilium it is continuous with the fascia covering the Iliacus. 
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The 'portion covering the Iliacus is con- 
nected, laterally, to the whole length of 
the inner lip of the iliac crest ; and medi- 
ally, to the brim of the lesser pelvis, where 
it 1 blends with the periosteum. It is 
attached to the iliopectineal eminence, 
and there receives a slip from the tendon 
of insertion of the Psoas minor when that 
muscle exists. The external iliac vessels 
lie in front of the fascia but the branches 
of the lumbar plexus are behind it ; it is 
separated from the peritoneum by a part 
of the subperitoneal connective tissue 
(fascia of Abernethy). 

Lateral to the femoral vessels, the iliac 
fascia is intimately connected to the pos- 
terior margin of the inguinal ligament, 
and is continuous with the transversalis 
fascia. It passes behind the femoral 
vessels, and beyond the inguinal ligament 
becomes the iliopectineal fascia. This 
fascia divides the space between the 
inguinal ligament and the hip-bone into 
a medial and a lateral lacuna ; the medial 
(lacuna vasorum) transmits the femoral 
vessels, the lateral (lacuna musculorum) 
the Psoas major, the Iliacus and the 
femoral nerve. Medial to the vessels the 
iliopectineal fascia is attached to the pecten 
pubis, and is continuous with the pectineal 
fascia. In the thigh the iliopectineal 
fascia covers the Iliacus and the Psoas 
major, and forms the posterior wall of the 
femoral sheath. 

The Psoas major (fig. 598) is a long 
fusiform muscle placed on the side of the 
lumbar region of the vertebral column and 
the brim of the lesser pelvis. It arises 
(1) from the anterior surfaces and lower 
borders of the transverse processes of all 
the lumbar vertebrae ; (2) by five slips or 
digitations, each of which takes origin from 
the bodies of two vertebrae and their inter- 
vertebral fibrocartilage ; the highest slip 
arises from the lower margin of the body 
of the twelfth thoracic vertebra, the upper 
margin of the body of the first lumbar 
vertebra and the interposed fibrocartilage, 
the lowest slip from the adjacent margins 
of the bodies of the fourth and fifth lumbar 
vertebrae and the interposed fibrocartilage ; 
(3) from a series of. tendinous arches 
extending across the constricted parts of 
the bodies of the lumbar vertebrae between 
the preceding slips : the lumbar arteries 
and veins, and filaments from the sympa- 
thetic trunk, pass beneath these arches. 
The muscle proceeds downwards across 
the brim of the lesser pelvis, passes behind 
the inguinal ligament and in front of the 
capsule of the hip- joint, and ends in a 
tendon. The latter receives nearly the 
whole of the fibres of the Iliacus and is 


Fig. 598. — The muscles of the iliac 
region and the anterior femoral 
muscles. Eight side. 
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inserted into the lesser trochanter of the femur. A large bursa, which may 
communicate with the cavity of the hip- joint, separates the tendon from the 
os pubis and the capsule of the joint. 

Relations. — In the abdomen the Psoas major is in relation by its anterior surface with 
the medial lumbocostal arch, the fascia covering the muscle, the extraperitoneal connective 
tissue and peritoneum, the kidney. Psoas minor, renal vessels, ureter, testicular (or ovarian) 
vessels, and genito-femoral nerve. In front of the right Psoas is the inferior vena cava 
and the terminal portion of the ileum, and in front of the left the colon. Its posterior 
surface is in relation with the transverse processes of the lumbar vertebrae, and the Quad- 
ratus lumborum. The lumbar plexus is situated in the posterior part of the substance 
of the muscle. Medially , the muscle is in relation with the bodies of the lumbar vertebrae, 
the lumbar arteries, the gangliated trunk of the sympathetic, the lumbar lymph-glands,, 
and along the brim of the pelvis with the external iliac artery ; medial to the right muscle 
is the inferior vena cava, and to the left muscle the aorta. 

In the thigh it is in relation, in front, with the fascia lata ; behind, with the capsule 
of the hip-joint from which it is separated by a bursa ; by its medial border, with the Pec- 
tineus and medial femoral circumflex artery, and also with the femoral artery, which 
slightly overlaps it ; by its lateral border, with the Iliacus. 

The femoral nerve descends at first through the fibres of Psoas major, then lies between 
it and the Iliacus, and at the level of the inguinal ligament is in front of the muscle. 

Nerve-supply.— The Psoas major is supplied by branches from the second and 
third lumbar nerves. 

Actions. — The Psoas major acts conjointly with the Iliacus. 

The Psoas minor (fig. 598) is placed in front of the Psoas major within the 
abdomen. It arises from the sides of the bodies of the twelfth thoracic and 
first lumbar vertebrae and from the fibro cartilage between them. It ends in a 
long fiat tendon which is inserted into the pecten pubis and iliopectineal 
eminence, and, by its lateral border, into the iliac fascia. This muscle is- 
absent in about 40 per cent, of subjects. , 

Nerve-supply. — The Psoas minor is supplied by a branch from, the first lumbar 
nerve. 

Action. — The Psoas minor is a tensor of the iliac fascia. 

The Iliacus (fig. 598) is a fiat, triangular muscle, which fills the iliac fossa. 
It arises from the upper two-thirds of the iliac fossa, from the inner lip of the 
iliac crest, from the anterior sacro-iliac and iliolumbar ligaments, and from the 
ala of the sacrum ; in front, it reaches as far as the anterior superior and 
anterior inferior iliac spines, and receives a few fibres from the upper part of 
the articular capsule of the hip-joint. Most of its fibres converge to be inserted 
into the lateral side of the tendon of the Psoas major, hut some of them are * 
attached to the body of the femur for 2*5 cm. below and in front of the lesser 
trochanter.* 

Relations. — Within the abdomen the Iliacus is in relation by its anterior surface with 
the iliac fascia, which separates the muscle from the extraperitoneal connective tissue and 
peritoneum, and with the lateral femoral cutaneous nerve ; on the right side, with the 
caecum ; on the left side, with the iliac part of the descending colon ; by its posterior surface,. 
with the iliac fossa ; by its medial border, with the Psoas major and femoral nerve. 

In the thigh, it is in relation, by its anterior surface, with the fascia lata, Rectus femoris, 
Sartorius, and arteria profunda femoris ; by its posterior surface, -with the capsule of the 
hip-joint, a bursa common to it and the Psoas major being interposed. 

Nerve-supply— The Iliacus is supplied by branches of the second and third 
lumbar nerves, through the femoral nerve. 

Actions. — The* Psoas major, acting from above, flexes the thigh upon the pelvis, 
being assisted by the Iliacus ; acting from below, with the femur fixed, it bends the 
lumbar portion of the vertebral column forwards and to its own side, and then, in 
conjunction with the Iliacus, .tilts the pelvis forwards. When the Psoas major and 
Iliacus of both sides act from below, they serve to maintain the erect posture by sup- 
porting the vertebral column and pelvis upon the femora, or in continued action bend 
the trunk and pelvis forwards, as in raising the trunk from the recumbent posture.. 

Applied Anatomy . — There is no definite septum between the portions of fascia cover- 
ing the Psoas and Iliacus respectively, and the fascia is only connected to the subjacent 
muscles by a quantity of loose connective tissue. When an abscess forms beneath this 

* The Psoas major and Iliacus are sometimes regarded as a single muscle named the Iliopsoas. 
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fascia, as it is very apt to do, the pus is contained in an osseofibrous cavity which is closed 
on all sides within the abdomen, and is open only at its lower part, where the fascia is 
prolonged over the muscles into the thigh. When the disease is in the thoracic vertebras, 
the matter tracks down the posterior mediastinal cavity in front of the bodies of the 
vertebrae, and, passing beneath the medial lumbocostal arch, enters the sheath of the 
Psoas, down which it travels as far as the pelvic brim; it then gets beneath the iliac 
portion of the fascia, and fills up the iliac fossa. In consequence of the attachment of 
the fascia to the linea terminalis, it rarely finds its way into the lesser pelvis, but passes 
by a narrow opening under the inguinal ligament into the thigh, lateral to the femoral 
vessels. It thus follows that a psoas abscess may be described as consisting of four parts, 
(1) a somewhat narrow channel at its upper part, in the psoas sheath; (2) a dilated sac 
in the iliac fossa; (3) a constricted neck under the inguinal ligament; and (4) a dilated 
sac in the upper part of the thigh. When the lumbar vertebrse are the seat of the disease, 
the matter finds its way directly into the substance of the Psoas. The muscular fibres 
are destroyed, and the nerves contained in the abscess are isolated and exposed in its 
interior ; the iliac vessels which lie in front of the fascia remain intact, and the peri- 
toneum seldom becomes implicated. All psoas abscesses do not, however, pursue this 
course; the pus may leave the sheath of the muscle above the crest of the ilium, and 
tracking backwards may point in the loin (lumbar abscess ) ; or it may point above the 
inguinal ligament in the inguinal region; or it may follow the course of the branches of 
the hypogastric vessels into the lesser pelvis, and, passing through the greater sciatic 
foramen, discharge itself on the back of the thigh. 


II. The Muscles of the Thigh 

1. The Anterior Femoral Muscles (fig. 598) 

( Rectus femoris. 

Tensor fasciae latae. Quadriceps J Vastus lateralis. 

Sartorius. femoris 1 Vastus medialis. 

I Vastus intermedius. 

Articularis genus. 

The superficial fascia forms a continuous layer over the v r hole of the 
thigh ; it consists of areolar tissue containing in its meshes much fat, and 
may be separated into two or more layers, between which are found the super- 
ficial vessels and nerves. It varies in thickness in different parts of the limb ; 
in the groin it is thick, and the two layers are separated from one another 
by the superficial inguinal lymph-glands, the great saphenous vein, and several 
smaller vessels. The superficial layer is continuous above with the super- 
ficial fascia of the abdomen. The deep layer of the superficial fascia is a 
very thin, fibrous stratum, best marked on the medial side of the great saphenous 
vein and below the inguinal ligament. It is placed beneath the subcutaneous 
vessels and nerves and upon the surface of the fascia lata. It is intimately 
adherent to the fascia lata a little below the inguinal ligament. It covers the 
fossa ovalis (saphenous opening), being closely united to its circumference, 
and is connected to the sheath of the femoral vessels. The portion covering 
the fossa ovalis is perforated by the great saphenous vein, small blood- 
vessels, and lymph- vessels, hence it has been termed the fascia cribrosa , the 
openings for these vessels having been likened to the holes in a sieve. A large 
subcutaneous bursa is found in the superficial fascia over the patella. 

The deep fascia of the thigh is named, from its great extent, the fascia 
lata ; it constitutes an investment for the whole of this region of the limb, 
but varies in thickness in different parts. Thus, it is thicker in the upper 
and lateral parts of the thigh, where it receives a fibrous expansion from the 
Glutaeus maximus, and where the Tensor fascia lata is inserted between its 
layers ; it is very thin behind, and at the upper and medial parts, where it covers 
the xAdductor muscles, but becomes stronger around the knee, where it receives 
fibrous expansions from the tendon of the Biceps femoris laterally, from the 
Sartorius medially, and from the Quadriceps femoris in front. The fascia lata 
is attached, above and behind, to the back of the sacrum and coccyx ; laterally, 
to the iliac crest ; in front, to the inguinal ligament and to the superior ramus of 
the os pubis ; and medially, to the inferior ramus of the os pubis, to the inferior 
ramus and tuberosity of the ischium, and to the lower border of the sacro- 
tuberous ligament. From its attachment to the iliac crest it descends as a 
dense fascia over the Glutaeus medius to the upper border of the Glutaeus 
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maximus, where it splits into two layers, one passing superficial and the other 
deep to this muscle ; at the lower border of the muscle the two layers reunite. 
The portion of the fascia lata attached to the front part of the iliac crest, and 
corresponding to the origin of the Tensor fasciae latse, extends down the lateral 
side of the thigh as two layers, one superficial and the other deep to this 
muscle ; at the lower end of the muscle these two layers unite, and form a 
strong band, having first received the insertion of the muscle. This band is 
continued downwards, under the name of the iliotibial tract (iliotibial band), and 
is attached to the lateral condyle of the tibia. The layer of the iliotibial tract 
which lies deep to the Tensor fasciae latse is prolonged upwards to join the 
lateral part of the capsule of the hip- joint. The greater part of the tendon of 
the Glutaeus maximus is inserted into the iliotibial tract. Below, the fascia 
lata is attached to all the prominent points around the knee-joint, viz. the 
condyles of the femur and tibia, and the head of the fibula. On either side 
of the patella it is strengthened by transverse fibres from the lower parts of 
the Yasti, which are attached to and support this bone. Of these the lateral 
are the stronger, and are continuous with the iliotibial tract. The fascia lata 
gives off two strong intermuscular septa which are attached to the whole 
length of the linea aspera of the femur and its prolongations above and 
below : the lateral and stronger septum, which extends from the insertion of 
the Glutseus maximus to the lateral condyle, separates the Yastus lateralis in 
front from the short head of the Biceps femoris behind, and gives partial origin 
to these muscles ; the medial and thinner septum separates the Yastus medialis 
from the Adductores and the Pectineus. Besides these there are numerous 
smaller septa, separating the individual muscles, and enclosing each in a 
distinct sheath. 

The fossa ovalis (saphenous opening) (fig. 599). — At the upper and medial 
part of the thigh, a little below the medial end of the inguinal ligament, is 
a large oval aperture in the fascia lata ; it transmits the great saphenous 
vein, and other smaller vessels, and is termed the fossa ovalis . The fascia 
cribrosa, which is pierced by the structures passing through the opening, closes 
the aperture and must he removed to expose it. The fascia lata in this part 
of the thigh is described as consisting of a superficial and a deep portion. 

The superficial portion of the fascia lata is the part on the lateral side of 
the fossa ovalis. It is attached to the crest and anterior superior spine of the 
ilium, to the whole length of the inguinal ligament, and to the pecten pubis in 
conjunction with the lacunar ligament. From the tubercle of the os pubis 
it is reflected downwards and later alwards, as an arched margin, the falciform 
margin , forming the lateral boundary of the fossa ovalis ; this margin overlies 
and is adherent to the anterior layer of the sheath of the femoral vessels, and 
the fascia cribrosa is attached to it. The upward and medial prolongation of 
the falciform margin is named the superior cornu ; its downward and medial 
prolongation, the inferior cornu. The latter is well defined, and is continuous 
behind the great saphenous vein with the pectineal fascia. 

The deep portion is situated on the medial side of the fossa ovalis, and is 
continuous with the superficial portion at the lower margin of the fossa ; traced 
upwards, it covers the Pectineus, Adductor longus, and Gracilis, and, passing 
behind the sheath of the femoral vessels, to which it is closely united, is 
continuous with the iliopectineal fascia, and is attached to the pecten pubis. 

From this description it may be observed that the superficial portion of the 
fascia lata lies in front of the femoral vessels, and the deep portion behind 
them, so that an apparent aperture exists between the two, through which 
the great saphenous vein passes to join the femoral vein. 

The Tensor fasciae latae (fig. 598) arises from the anterior 5 cm. of the 
outer lip of the iliac crest ; from the outer surface of the anterior superior iliac 
spine, and part of the outer border of the notch below it, between the Glutseus 
medius and Sartorius ; and from the deep surface of the fascia lata. It is 
inserted between the two layers of the iliotibial tract of the fascia lata about 
the junction of the middle with the upper one-third of the thigh. 

Nerve-supply. — The Tensor fasciae latse is supplied by the fourth and fifth lumbar 
and first sacral nerves through the superior glutseal nerve. 

Actions. — The Tensor fasciae latae tightens the fascia lata ; continuing its action 
it the thigh and ro^t eR -it . inwards . In the erect posture, acting from. 
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below, it serves to steady the pelvis on the head of the femur ; through the iliotibial 
tract it steadies the condyles of the femur on the tibia. 

The Sartorius (figs. 598, 600, 602), the longest muscle in the body, is 
narrow and ribbon-like ; it arises by tendinous fibres from the anterior superior 
iliac spine and the upper one-half of the notch below it. It crosses obliquely 
the upper and anterior parts of the thigh, from the lateral to the medial side, 
then descends vertically, as far as the medial side of the knee, passing behind 
the medial condyle of the femur to end in a tendon. This curves obliquely 
forwards and expands into a broad aponeurosis, which is inserted, in front 
of the Gracilis and Semitendinosus, into the upper part of the medial surface 
of the body of the tibia, nearly as far forwards as the anterior crest. The 


Fig. 599. — The right fossa ovalis (saphenous opening). 



upper part of the aponeurosis is curved backwards over the upper edge of 
the tendon of the Gracilis so as to be inserted behind it. An offset, from its 
upper margin, blends with the capsule of the knee-joint, and another, from its 
lower border, with the fascia on the medial side of the leg. 

The relations of this muscle to the femoral artery are important, as it constitutes the 
chief guide in tying the vessel. In the upper one-third of the thigh it forms the lateral 
side of a triangle, the femoral (Scarpa's) triangle , the medial side of which is formed by the 
medial border of the Adductor longus, and the base by the inguinal ligament ; the 
femoral artery passes through the middle of this triangle from its base to its apex. In 
the middle one-third of the thigh, the femoral artery is contained in the adductor (Hunter' s) 
canal , on the roof of which the Sartorius lies (fig. 602). 

Nerve-supply. — The Sartorius is supplied by the second and third lumbar nerves 
through the femoral nerve. 

Actions. — The Sartorius flexes the leg on the thigh, and the thigh on the pelvis ; 
it also abducts the thigh and rotates it outwards. Actrng from below it flexes the 
pelvis on the thigh and rotates it towards the opposite side. 



536 


MYOLOGY 


The Quadriceps femoris (figs. 598, 600, 602] is the great extensor muscle 
of the leg, and consists of a large fleshy mass which covers the front and sides 
of the femur. It is subdivided into separate portions, which have received 
distinctive names. One occupies the middle of the thigh, and arises from 
the ilium ; from its straight course it is called the Rectus femoris. The other 
three take origin from the body of the femur, which they cover from the 
trochanters to the condyles ; that on the lateral side of the femur is termed 
the Vastus lateralis ; that on the medial side, the Vastus medialis ; and 
that in front, the Vastus intermedins. 


Fig. 600. — A transverse section through the thigh at the level of the apex of the 
[femoral triangle. Fog r- li ft !i.- o.'“ natural size. 



Sem imembranosu s 


The Rectus femoris is fusiform in shape, and its superficial fibres are 
arranged in a bipennate manner, the deep fibres running straight down to the 
deep aponeurosis. It arises by two tendons : an anterior or straight, from 
the anterior inferior iliac spine, and a posterior or reflected, from a groove 
above the brim of the acetabulum. The two unite at an acute angle, and 
spread into an aponeurosis which is prolonged downwards on the anterior 
surface of the muscle, and from this the muscular fibres arise. The muscle 
ends in a broad and thick aponeurosis which occupies the lower two-thirds of 
its posterior surface, and, gradually becoming narrowed into a flattened tendon, 
is inserted into the base of the patella. 

The Vastus lateralis is the largest part of the Quadriceps femoris. It 
arises by a broad aponeurosis, which is attached to the upper part of the 
intertrochanteric line, to the anterior and inferior borders of the greater 
trochanter, to the lateral lip of the glutaeal tuberosity, and to the upper one-half 
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The Obliquus externus abdominis (fig. 550), situated on the lateral and 
anterior parts of the abdomen, is the largest and the most superficial of the 
three flat muscles in this region. It arises, by eight fleshy slips, from the 
external surfaces and inferior borders of the lower eight ribs ; these slips 
mterdlgitate with the slips of origin of the Serratus anterior and Latissimus 
dorsi, and are arranged in an oblique line which runs downwards and backwards, 
the upper ones being attached close to the cartilages of the corresponding ribs, 
the lowest to the apex of the cartilage of the last rib, the intermediate ones to 


Fig. 552.— A superficial dissection of the groin and the lower part of the anterior 
abdominal wall. Left side. 
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the ribs at some distance from their cartilages. From these attachments the 
fleshy fibres proceed in various directions. Those from the lowest ribs pass 
nearly* vertically downwards, and are inserted into the anterior half of the 
outer lip of the iliac crest ; the middle and upper fibres, directed downwards 
and forwards, end in an aponeurosis, opposite a line drawn from the prominence 
of the ninth costal cartilage to the anterior superior iliac spine. The posterior 
border of the muscle is free. 

The aponeurosis of the Obliquus externus abdominis is a thin but strong 
membranous structure, the fibres of which are directed downwards and medial- 
wards. It is joined with that of the opposite muscle along the middle line, and 
the aponeuroses of the two muscles cover the front of the abdomen ; above, 
it is covered by, and gives origin to, the lower fibres of the Pect oralis major ; 
below, its fibres are closely aggregated together, and extend obliquely across 
from the anterior superior iliac spine to the pubic tubercle and the pectineal 
line. In the middle line, its fibres end in the linea alba (fig. 550), a tendinous 
band which extends from the xiphoid process to the symphysis pubis. 
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2. The Medial Femoral Muscles. 

Gracilis. Adductor longus. Adductor magnus. 

Pectineus. Adductor brevis. 

The Gracilis (figs. 598, 600, 602) is the most superficial muscle on the 
medial side of the thigh. It is thin and flattened, broad above, narrow and 

tapering below. It arises by a thin 
Fig. 601 . — The deep medial femoral muscles, aponeurosis from the anterior margins 
Right side. of the lower one-half of the symphysis 

, H pubis and the upper one-half of 'the 

A'h pubic arch. The fibres run vertically 

M downwards, and end in a rounded 
l I® tendon, which passes behind the medial 

V'Sl condyle of the femur, curves round the 



medial condyle of the tibia, where it 
becomes flattened, and is inserted into 
the upper part of the medial surface of 
the body of the tibia, below the condyle. 
A few fibres from the lower part of 
the tendon are prolonged into the deep 
fascia of the leg. At its insertion the 
tendon is situated immediately above 
that of the* Semitendinosus, and its 
upper edge is overlapped by the tendon 
of the Sartorius, with which it is in part 
blended. It is separated from the tibial 
collateral ligament of the knee- j oint by 
a bursa common to it and the tendon 
of the Semitendinosus. 

Nerve-supply. — The Gracilis is supplied 
by the second and third lumbar nerves 
through the obturator nerve. 

Actions. — The Gracilis flexes the leg 
and rotates it inwards ; it also adducts 
the thigh. 

The Pectineus (fig. 598) is a 
flat, quadrangular muscle, situated at 
the anterior part of the upper and 
medial aspect of * the thigh. It arises 
from the pecten pubis, and to a slight 
extent from the surface of bone in front 
of it, between the iliopectineal eminence 
and pubic tubercle, and from the fascia 
covering the anterior surface of the 
muscle ; the fibres pass downwards, 
backwards, and lateralwards, to be 
inserted into the femur, along a line 
leading from the lesser trochanter to 
the linea aspera.* 

„■ Relations. — Its anterior surface is in rela- 

tion with the fascia lata, which separates it 
from the femoral vessels and great saphenous 
vein; its 'posterior surface , with the capsule 
of the hip-joint, the Adductor brevis, Obtu- 
rator externus, and the anterior branch of 

* The Pectineus may consist of two incom- 
pletely separated strata : the lateral or dorsal 
stratum, which is constant, is supplied by a 
, r branch from the femoral nerve, or in the 
:'e absence of this branch by the accessory obtur- 
ator nerve ; the medial or ventral stratum, when 
present, is supplied by the obturator nerve.- — A. 
M. Paterson, Journal of Anatomy and Physiology , 
vol. xxvi. t>. 43, 
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the obturator nerve ; its lateral border , with the Psoas major and the medial femoral 
-circumflex vessels ; its medial border , with the margin of the Adductor longus. 

Nerve-supply. — The Peetineus is supplied by the second and third lumbar 
nerves, through the femoral nerve ; and by the third lumbar through the accessory 
obturator when this nerve is present. Occasionally it receives a branch from the 
obturator nerve. 

Actions. — The Peetineus adducts the thigh and flexes it on the pelvis. 

The Adductor longus (%s. 601, 602), the most superficial of the three 
adductors, is a triangular muscle, lying in the same plane as the Peetineus. 
It arises by a flat, narrow tendon, from the front of the os pubis in the angle 
between the crest and the symphysis. It soon expands into a broad fleshy 
belly which passes downwards, backwards, and lateralwards, and is inserted, 
by an aponeurosis, into the middle one-third of the linea aspera of the femur, 
between the Vastus medialis and the Adductor magnus, with both of which 
it is usually blended. 


Relations.— Its anterior surface is in relation with the fascia lata, the Sartorius, and, 
near its insertion, with the femoral artery and vein ; its posterior surface , with the Ad- 
ductores brevis et magnus, the anterior branch of the obturator nerve, and near its 
insertion with the profunda femoris vessels ; its lateral border , with the Peetineus ; its 
medial border , with the Gracilis. 

Nerve-supply. — The Adductor longus is supplied by the second and third lumbar 
nerves through the obturator nerve. 

Actions. — The Adductor longus adducts the thigh, flexes it on the pelvis, and 
rotates it outwards. 

Applied Anatomy. — The Adductor longus is liable to be severely strained in those 
who ride much on horseback, or its tendon may be ruptured by suddenly gripping the 
saddle. Occasionally, especially in cavalry soldiers, the tendon becomes ossified, con- 
stituting the ‘ rider’s bone. ’ 

The Adductor brevis (tigs. COO, 601) is situated behind the Peetineus 
and Adductor longus. It is somewhat triangular in form, and arises by a 
narrow origin from the outer surface of the inferior ramus of the os pubis, 
between the Gracilis and Obturator externus. Its fibres, passing backwards, 
lateralwards, and downwards, are inserted by an aponeurosis into the femur, 
along the line leading from the lesser trochanter to the linea aspera and into 
the upper part of the linea aspera, immediately behind the Peetineus and 
the upper part of the Adductor longus. 

Relations. — Its anterior surface is in relation with the Peetineus, Adductor longus, 
arteria profunda femoris, and anterior branch of the obturator nerve ; its posterior surface , 
with the Adductor magnus, and posterior branch of the obturator nerve; its lateral 
border , with the medial femoral circumflex artery, the Obturator externus, and conjoined 
tendon of the Psoas major and Iliacus ; its medial border, with the Gracilis and Adductor 
magnus. It is pierced near its insertion by the second, or first and second, perforating 
branches of the arteria profunda femoris. 

Nerve-supply. — The Adductor brevis is supplied by the third and fourth lumbar 
nerves, through the obturator nerve. 

Actions. — The Adductor brevis adducts the thigh, flexes it . on the pelvis and 
rotates it outwards. 

The Adductor magnus (figs. 600, 601, 602) is - a large triangular muscle, 
situated on the medial side of the thigh . It arises from a small part of the inferior 
ramus of the os pubis, from the inferior ramus of the ischium, and from the 
lateral margin of the inferior part of the tuberosity of the ischium. Those 
fibres which arise from the ramus of the os pubis are short, horizontal in direction, 
and are inserted into the rough line leading from the greater trochanter of the 
femur to the linea aspera, medial to the Glutseus maximus* ; those from the 
ramus of the ischium are directed downwards and lateralwards with different 
Degrees of obliquity, to be inserted, by means of a broad aponeurosis, into the 

* These uppermost fibres are sometimes described as a separate muscle — the Adductor minimus 
— -which is situated somewhat in front of the other parts of the muscle. 
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linea aspera and the upper part of its medial prolongation below. The medial 
portion of the muscle, composed principally of the fibres arising from the 
tuberosity of the ischium, forms a thick fleshy mass which descends almost 
vertically, and ends about the lower one-third of the thigh in a rounded tendon 
which is inserted into the adductor tubercle on the medial condyle of the 
femur, and is connected by a fibrous expansion to the line leading upwards 
from the tubercle to the linea aspera. At the insertion of the muscle, there 
is a series of osseo- aponeurotic openings, formed by tendinous arches attached 


Fig. 602. — A transverse section through the middle of the thigh. Four-fifths 

of natural size. 
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to the bone. The upper four openings are small, and give passage to the 
perforating branches of the arteria profunda femoris. The lowest is of large 
size, and transmits the femoral vessels to the popliteal fossa. 

Relations. — Its anterior surface is in relation with the Pectineus, Adductores brevis et 
longus, the femoral and profunda vessels, and the posterior branch of the obturator nerve ,* 
a bursa intervenes between the highest part of the muscle and the lesser trochanter of the 
femur ; its posterior surface , with the sciatic nerve, the Glutseus maximus, Biceps femoris,. 
Semitendinosus, and Semimembranosus. Its superior border lies parallel with the Quad- 
ratus femoris, the superficial branch of the medial femoral circumflex artery passing between 
them ; its medial border is in relation with .the Gracilis, Sartorius, and fascia lata. 

Nerve-supply. — The Adductor magnus is supplied by the third and fourth lumbar 
nerves through the obturator nerve, and by a branch from the sacral plexus 
through the sciatic nerve. 

Actions. — The Adductor magnus adducts the thigh and rotatea.lt Autwards ; 
it also fiexes the thigh on the, pelvis. The Pectineus and the Adductores adduct f 
the thigh powerfully ; they are especially used in horse exercise, the sides of the { 
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saddle being grasped between the knees by the contraction of these muscles ; they 
rotate the thigh outwards, and when the limb has been abducted, they draw it 
medialwards, carrying the thigh across that of the opposite side. In progression, 
they assist in drawing forwards the lower limb. If the lower extremities be fixed' 
these muscles, taking their fixed points below, act upon the pelvis, serving to 
maintain the body in an erect posture ; or, if their action be continued, flex the 
pelvis forwards upon the femur. 


3. The Muscles of the Gluteal Region 


Glutseus maximus. 
Glutseus medius. 
Glutseus minimus. 
Piriformis. 


Obturator externus. 


Obturator internus. 
Gemellus superior. 
Gemellus inferior. 
Quadratus femoris. 


The Glutseus maximus (fig. 603), the largest and most superficial muscle in 
the glutseal region, is a broad and thick fleshy mass of a quadrilateral shape, and 


Fig. 603. — The right glutseus maximus muscle. 
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forms the prominence of the buttock. Its large size is one of the most charac- 
teristic features of the muscular system in man, connected as it is with the 
power he has of maintaining the trunk in the erect posture. The muscle is 
remarkably coarse in structure, being made up of fasciculi lying parallel with 
one another, and collected into large bundles separated by fibrous septa. It 
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arises from the posterior gluteal line of the ilium, and the rough portion of bone,, 
including the crest, immediately above and behind it ; from the aponeurosis 
of the Sacrospinalis ; from the posterior surface of the lower part of the sacrum 
and the side of the coccyx ; from the sacrotuberous ligament, and from the 
fascia (gluteal aponeurosis) covering the Gluteus medius. The fibres run 
obliquely downwards and lateralwards ; those forming the upper and larger 
portion of the muscle, together with the superficial fibres of the lower portion, 
end in a thick tendinous lamina, which passes across the greater trochanter, 
and is inserted into the iliotibial tract of the fascia lata ; the deeper fibres 
of the lower portion of the muscle are inserted into the gluteal tuberosity of 
the femur between the Yastus lateralis and Adductor magnus. 

Three bursce are usually found in relation with the deep surface of this 
muscle. One, of large size, and generally multilocular, separates it from the 
greater trochanter ; a second, often wanting, is situated on the tuberosity 
of the ischium ; a third is found between the tendon of the muscle and that of 
the Vastus lateralis. 

Relations.— Its superficial surface is in relation with a thin fascia which separates 
it from the subcutaneous tissue; its deep surface , with the ilium, sacrum, coccyx, and 
sacrotuberous ligament, part of the Glutseus medius, Piriformis, Gemelli, Obturator 
internus, Quadratus femoris, the tuberosity of the ischium, greater trochanter, the origins 
of the Biceps femoris, Semitendinosus, Semimembranosus, and the Adductor magnus. 
The superficial part of the superior glutseal artery reaches the deep surface of the muscle 
by passing between the Piriformis and the Glutseus medius; the inferior glutaeal and 
internal pudendal vessels and the sciatic, pudendal, and lateral femoral cutaneous nerves, 
and muscular branches from the sacral plexus, issue from the pelvis below the Piriformis. 
The first perforating artery and the terminal branches of the medial circumflex femoral 
artery are also found under cover of the lower part of the muscle. Its upper border is 
thin, and is connected with the Glutseus medius by the glutseal aponeurosis. Its lower 
border is free and prominent, and is crossed by the fold of the nates. 

Nerve-supply. — The Gluteus maximus is supplied by the fifth lumbar and the 
first and second sacral nerves through the inferior gluteal nerve. 

Actions. — When the Glutseus maximus takes its fixed point from the pelvis, 
it extends the thigh and brings it into line with the trunk. Taking its fixed point 
below, it supports the pelvis and the trunk upon the head of the femur. Its most 
powerful action is to raise the trunk after .stooping by drawing the pelvis backwards. 
It is a tensor of the fascia lata, and through the iliotibial tract it steadies the femur 
on the tibia during standing, when the extensor muscles are relaxed. 

The Glutseus medius is a broad, thick, radiating muscle, situated on the 
outer surface of the pelvis. Its posterior one-third is covered by the Glutseus 
maximus, its anterior two-thirds by the gluteal aponeurosis, which separates 
it from the superficial fascia and integument. It arises from the outer surface 
of the ilium between the iliac crest and posterior glutseal line above, and the 
anterior gluteal line below ; it also arises from the strong fascia which covers 
the upper part of its outer surface. The fibres converge to a flattened tendon, 
which is inserted into the oblique ridge directed downwards and forwards on 
the lateral surface of the greater trochanter of the femur. A bursa separates 
the tendon from the surface of the trochanter over which it glides. 

Nerve-supply. — The Glutseus medius is supplied by the fourth and fifth lumbar 
and first sacral nerves, through the superior gluteal nerve. 

Actions. — The Glutseus medius ahduate,.the thigh; its anterior fibres rotate 

the thigh inwards. 

The Glutaeus minimus (fig. 604), the smallest of the Glutei, is placed 
immediately beneath the preceding. It is fan- shaped, arising from the outer 
surface of the ilium, between the anterior and inferior gluteal lines, and behind, 
from the margin of the greater sciatic notch. The fibres converge to the deep 
surface of an aponeurosis, and this ends in a tendon which is inserted into a 
ridge on the lateral part of the anterior surface of the greater trochanter of the 
femur, and gives an expansion to the capsule of the hip-joint. A bursa is 
interposed between the tendon and the medial part of the anterior surface of the 
greater trochanter . 

Between the Glutaeus medius and Glutseus minimus are the deep branches of the 
superior glutseal vessels, and the superior gluteal nerve. Deep to the Glutaeus minimus 
are the reflected tendon of the Rectus femoris and the capsule of the hip- joint. 
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Nerve-supply. — The Glutseus 
minimus is supplied by the 
fourth and fifth lumbar and 
first sacral nerves, through the 
superior giutseal nerve. 

Actions. — The Glutaeus 
minimus is an abductor of the 
thigh ; its anterior fibres rotate 
the thigh inwards. 

The Piriformis (fig. 604) 
lies almost parallel with the 
posterior margin of the Glu- 
tseus medius. It is situated 
partly within the pelvis 
against its posterior wall, and 
partly at the back of the 
hip -joint. It arises from the 
front of the sacrum by three 
fleshy digitations, attached to 
the portions of bone between 
the anterior sacral foramina, 
and to the grooves leading 
from the foramina : a few 
fibres also arise from the 
margin of the greater sciatic 
foramen, and from the 
anterior surface of the 
sacrotuberous ligament. The 
muscle passes out of the 
pelvis through the greater 
sciatic foramen, and is in- 
serted by a rounded tendon 
into the upper border of the 
greater trochanter of the 
femur, behind and above, but 
often partly blended with, the 
common tendon of the Obtur- 
ator internus and Gemelli. 

Relations. — Within the pelvis 
the anterior surface of the Piri- 
formis is in relation with the 
rectum (especialty on the left 
side), the sacral plexus of nerves, 
and branches of the hypogastric 
vessels ; its posterior surface with 
the sacrum. Outside the pelvis , 
its anterior surface is in contact 
with the posterior surface of the 
ischium and capsule of the hip- 
joint ; and its posterior surface , 
with the Glutseus maximus. Its 
upper border is in relation with 
the Glutseus medius, and the 
superior giutseal vessels and 
nerve ; its lower border , with the 
Gemellus superior and Coccygeus. 
The inferior giutseal and internal 
pudendal vessels, and the sciatic, 
posterior femoral cutaneous, and 
pudendal nerves, and muscular 
branches from the sacral plexus, 
appear on the buttock between 
the Piriformis and Gemellus 
superior. The muscle is fre- 
quently pierced by the common 
peromeal nerve. 


Fig. 604. — The muscles of the giutseal region and 
the posterior femoral muscles. Right side. 
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Nerve-supply.— The Piriformis is supplied by twigs from the first and second 
.sacral nerves. 

Action, — The Piriformis rotates the thigh outwards. 

* The obturator membrane (fig. 605) is a thin fibrous sheet, which almost 
■completely closes the obturator foramen. Its fibres are arranged in interlacing 
bundles mainly transverse in direction ; the uppermost bundle is attached 
to the obturator tubercles and completes the obturator canal for the passage 
■of the obturator vessels and nerve. The membrane is attached to the sharp 
margin of the obturator foramen except at its lower lateral angle, where it is 
fixed to the pelvic surface of the inferior ramus of the ischium, i.e. within the 
margin. Both Obturator muscles are connected with this membrane. 


Fig. 605. — The left obturator membrane. External aspect. 



The Obturator internus (fig. 606) is situated partly within the lesser 
pelvis, and partly at the back of the hip-joint. It arises from the inner surface 
of the anterolateral wall of the pelvis, where it surrounds the greater part of 
the obturator foramen, being attached to the inferior rami of the os pubis and 
ischium and to the inner surface of the hip-bone below and behind the pelvic 
brim, reaching from the upper part of the greater sciatic foramen above and 
behind to the obturator foramen below and in front. It also arises from the 
medial part of the pelvic surface of the obturator membrane, from the tendinous 
arch which completes the canal for the passage of the obturator vessels and 
nerve, and to a slight extent from the obturator fascia, which covers the 
muscle. The fibres converge rapidly towards the lesser sciatic foramen and 
end in four or five tendinous bands on the deep surface of the muscle ; these 
bands are reflected at a right angle over the grooved surface of the ischium 
between its spine and tuberosity. The grooved surface is covered by smooth 
cartilage, which is separated from the tendon by a bursa, and presents one 
or more ridges corresponding with the furrows between the tendinous bands. 
These bands leave the pelvis through the lesser sciatic foramen and unite 
into a single flattened tendon, which passes horizontally across the capsule 
of the hip- joint, and, after receiving the attachments of the Gemelli, is inserted 
into the fore part of the medial surface of the greater trochanter of the femur. 
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above and in front of the trochanteric fossa. A bursa, narrow and elongated 
in form, is usually found between the tendon and the capsule of the hip-joint ; 
it occasionally communicates with the bursa between the tendon and the 
ischium. 

Relations. Within the pelvis , the anterolateral surface of the muscle is in relation 
with the obturator membrane and inner surface of the anterior wall of the pelvis; its 
■pelvic surface, with the obturator fascia, and the origin of the Levator ani, and with the 

Lig. 606. — The left Obturator internus. Pelvic aspect. 



internal pudendal vessels and pudendal nerve, which cross it. The pelvic surface forms 
the lateral boundary of the ischiorectal fossa. Outside the pelvis , the muscle is covered 
by the G-lutseus maximus, crossed by the sciatic nerve, and rests on the back of the 
hip-joint. As the tendon of the Obturator internus emerges from the lesser sciatic 
foramen it is overlapped both in front and behind by the two Gremelli which form a 
muscular canal for it ; near its insertion the Gemelli pass in front of the tendon and form 
a groove in which it lies. 

Nerve-supply. — The Obturator internus is supplied by a branch which receives 
its fibres from the fifth lumbar and first and second sacral nerves. 

Action. — The Obturator internus states the thigh outwards. 

The Gemelli (fig. 604) are two small muscular fasciculi, accessories to the 
tendon of the Obturator internus which is received into a groove between them. 

a. a . 


s 
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The Gemellus superior, the smaller of the two, arises from the outer 
surface of the spine of the ischium, blends with the upper part of the tendon 
of the Obturator internus, and is inserted with it into the medial surface of 
the greater trochanter of the femur. It is sometimes wanting. ' 

Nerve-supply. — The Gemellus superior is supplied by the fifth lumbar and first 
and second sacral nerves, through the nerve to the Obturator internus. 

The Gemellus inferior arises from the upper part of the tuberosity of 
the ischium, immediately below the groove for the Obturator internus tendon. 
It blends with the lower part of the tendon of the Obturator internus, and 
is inserted with it into the medial surface of the greater trochanter. 

Nerve-supply. — The Gemellus inferior is supplied by the fourth and fifth lumbar 
and first sacral nerves through the nerve to the Quadratus femoris. 

Actions. — The Gemelli superior et inferior rotate the thigh outwards. 


Fig. 607. — The left Obturator externus. 



The Quadratus femoris (fig. 604) is a flat, quadrilateral muscle, between'the , 
Gemellus inferior and the upper margin of the Adductor magnus ; it is separated 
from the latter by the superficial branch of the medial femoral circumflex 
artery. It arises from the upper part of the external border of the tuberosity 
of the ischium, and is inserted into the upper part of the linea quadrata of the 
femur. A bursa is often found between the front of this muscle and the lesser 
trochanter. 

Nerve-supply, — The Quadratus femoris is supplied by a branch which receives 
its fibres- from the fourth and fifth lumbar and first sacral nerves. 

Action. — The Quadratus femoris is an externaLxotatQr of the thigh. 

The Obturator externus (fig. 607) is a flat, triangular muscle, which covers 
the outer surface of the anterior wall of the pelvis. It arises from the margin 
of bone immediately around the medial side of the obturator foramen, viz. 
from the rami of the os pubis, and the inferior ramus of the ischium ; it also 
arises from the medial two-thirds of the outer surface of the obturator mem- 
brane, and from the tendinous arch which completes the canal for the passage 
of the obturator vessels and nerves. The fibres springing from the inferior 
ramus of the ischium extend on to the inner surface of the bone, where they 
obtain a narrow origin between the margin of the foramen and the attachment 
of the obturator membrane. The fibres converge and pass backwards, lateral- 
wards, and upwards, and end in a tendon which runs across the back of the 
neck of the femur and lower part of the capsule of the hip- joint and is inserted 
into the trochanteric fossa of the femur. The obturator vessels lie between 
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the muscle and the obturator membrane ; the anterior branch of the obturator 
nerve reaches the thigh by passing in front of the muscle, and the posterior 
branch by piercing it. 

Nerve-supply— The Obturator externus is supplied by the third and fourth 
lumbar nerves through the obturator nerve. 

Action. — The Obturator externus is an external rotator of the thigh. 


4. The Posterior Femoral Muscles (fig. 604) 

Biceps femoris. Semitendinosus. Semimembranosus. 

The Biceps femoris (figs. 600, 602, 604) is situated on the posterolateral 
aspect of the thigh. It has two heads of origin : one, the long head, arises 
from the lower and medial impression on the posterior part of the ischial 
tuberosity, by a tendon common to it and the Semitendinosus, and from the 
lower part of the sacrotuberous ligament ; the other, the short head, from 
the lateral lip of the linea aspera of the femur, between the Adductor magnus 
and Vastus lateralis, extending up almost as high as the insertion of" the 
Glutseus maximus ; from the lateral prolongation of the linea aspera to within 
5 cm. of the lateral condyle ; and from the lateral intermuscular septum. 
The fibres of the long head form a fusiform belly, which passes downwards 
and lateralwards across the sciatic nerve to end in an aponeurosis ; this 
aponeurosis covers the posterior surface of the muscle, receives on its deep 
surface the fibres of the short head, and gradually contracts into a tendon, 
which is inserted into the lateral side of the head of the fibula, and by a small 
slip into the lateral condyle of the tibia. This tendon forms the lateral ham- 
string and divides into two portions which embrace the fibular collateral 
ligament of the knee-joint ; from its posterior border a thin expansion is 
given off to the fascia of the leg. The common peronseal nerve descends 
along its medial border. 

Nerve-supply. — The Biceps femoris is supplied by the fifth lumbar, and first, 
second and third sacral nerves ; the long head through the tibial nerve, the short 
head through the common peronseal nerve. 

Actions. — The Biceps femoris, acting from above, flexes the leg on the thigh, 
and when the knee is semiflexed rotates the leg slightly outwards. Acting from 
below it serves to support the pelvis on the head of the femur and draws the trunk 
backwards as in raising it from the stooping position. 

The Semitendinosus (figs. 602, 604), remarkable for the great length 
of its tendon of insertion, is situated at the posterior and medial aspect of 
the thigh. It arises from the lower and medial impression on the tuberosity 
of the ischium, by a tendon common to it and the long head of the Biceps 
femoris ; it also arises from an aponeurosis connecting the adjacent surfaces 
of the two muscles to the extent of about 7*5 cm. from their origin. The 
muscle is fusiform and ends a little below the middle of the thigh in a long 
round tendon which lies along the medial side of the popliteal fossa ; the 
tendon curves around the medial condyle of the tibia, passes over the tibial 
collateral ligament of the knee-joint, from which it is separated by a bursa, 
and is inserted into the upper part of the medial surface of the body of the 
tibia behind the insertion of the Sartorius and below that of the Gracilis. 
At its insertion it is united with the tendon of the Gracilis and gives off a 
prolongation to the deep fascia of the leg. A tendinous intersection is usually 
observed about the middle of the muscle. 

Nerve-supply. — The Semitendinosus is supplied by the fifth lumbar, and first, 
second and third sacral nerves, through the tibial nerve. 

Actions. — Acting from above it Sexes the knee-joint, and when the joint is 
semiflexed rotates the leg slightly inwards. When its fixed point is below its action 
is similar to that of the Biceps femoris. 

The Semimembranosus (figs. 602, 604, 608), so called from its membranous 
tendon of origin, is situated at the back and medial side of the thigh. It arises 
by a thick tendon from the upper and lateral impression on the tuberosity 
of the ischium, above and lateral to the Biceps femoris and Semitendinosus, 
and is inserted into the groove on the back of the medial condyle of the tibia. 
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The tendon of origin expands into an aponeurosis, which passes downwards 
under cover of the Semitendinosus and long head of the Biceps femoris ; from 
this aponeurosis muscular fibres arise, and converge to another aponeurosis 
which covers the lower part of the posterior surface of the muscle and contracts 
into the tendon of insertion. The tendon of insertion gives off certain fibrous 
expansions : one, of considerable size, passes upwards and lateralwards to be 
inserted into the back part of the lateral condyle of the femur, forming part 
of the oblique popliteal ligament of the knee-joint ; a second is continued 
downwards to the fascia which covers the Popliteus muscle ; while a few fibres 


Fig. 608. — A transverse section through the thigh, 4 cm. proximal to the 
adductor tubercle of the femur. Four-fifths of natural size. 
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join the tibial collateral ligament of the knee-joint and the fascia of the leg. 
The muscle overlaps the upper part of the popliteal vessels. 

The tendons of insertion of the Semitendinosus and Semimembranosus form 
the medial hamstrings. 

Nerve-supply. — The Semimembranosus is supplied by the fifth lumbar and first, 
second and third sacral nerves through the tibial nerve. 

Actions. — The actions of the Semimembranosus are similar to those of the 
Semitendinosus. 

Applied Anatomy . — In disease of the knee-joint, contraction of the hamstring 
tendons is a frequent complication; this causes flexion of the leg, and a partial dislocation 
of the tibia backwards, with a slight degree of rotation outwards, probably due to the 
action of the Biceps femoris. The hamstring tendons occasionally require subcutaneous 
division in some forms of spurious ankylosis of the knee-joint dependent upon permanent 
contraction and rigidity of the muscles, or from contracture of the ligamentous and other 
tissues surrounding the joint, the result of disease. The relation of the common peronseal 
nerve, which lies in close apposition to the medial border of the tendon of the Biceps 
femoris, must always be borne in mind in dividing this tendon, and a free incision with 
exposure of the tendon, before division, is the safer proceeding. 

In the operation of stretching the sciatic nerve to cure sciatica the tendon of origin of 
the Semimembranosus may be mistaken for the nerve. 
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III. The Muscles of the Leg- 

The muscles of the leg may be divided into three groups : anterior, posterior, 
and lateral. 1 

1. The Anterior Crural Muscles (fig. 610) 

Tibialis anterior. Extensor digitorum longus. 

Extensor hallucis longus. Peronseus tertius. 

The fascia cruris or deep fascia of the leg is continuous above with the 
fascia lata, and is attached around the knee to the patella, the ligamentum 
patellae, the tuberosity and condyles of the tibia, and the head of the fibula. 


Fig. 609.— A transverse section through the leg, 9 cm. distal to the knee-joint. 



Medial sural cutaneo us nerve 

Behind, it forms the popliteal fascia which covers the popliteal fossa ; here it 
is strengthened by transverse fibres, and perforated by the small sajDhenous 
vein. It receives an expansion from the tendon of the Biceps femoris laterally, 
and expansions from the tendons of the Sartorius, Gracilis, Semitendinosus, 
and Semimembranosus medially ; it blends with the periosteum covering the 
subcutaneous surface of the tibia, and with that covering the head and malleolus 
of the fibula ; below, it is continuous with the transverse crural and laciniate 
ligaments. It is thick and dense in the upper and anterior part of the leg, and 
gives origin, by its deep surface, to some fibres of the Tibialis anterior and 
Extensor digitorum longus ; it is thinner behind, where it covers the Gastro- 
cnemius and Soleus. On the lateral side of the leg it gives off the anterior and 
posterior fibular intermuscular septa which are attached respectively to the 
anterolateral and posterolateral borders of the fibula ; in the anterior and 
posterior crural regions the fascia also gives off several slender processes which 
enclose the individual muscles. A broad transverse intermuscular septum, 
called the deep transverse fascia of the leg , intervenes between the superficial 
and deep posterior crural muscles. 
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Fig. 610. — The right anterior 
crural muscles. 



The Tibialis anterior (figs. 609, 610) is 
situated on the lateral side of the tibia ; it is 
thick and fleshy above, tendinous below. It 
arises from the lateral condyle and upper one- 
half or two-thirds of the lateral surface of the 
body of the tibia ; from the adjoining part of 
the anterior surface of the interosseous mem- 
brane ; from the deep surface of the fascia 
cruris ; and from the intermuscular septum 
between it and the Extensor digitorum longus. 
The fibres run vertically downwards, and end 
in a tendon which is apparent on the anterior 
surface of the muscle at the lower one-third 
of the leg ; after passing through the medial 
compartments of the transverse and cruciate 
crural ligaments, it is inserted into the medial 
and under surfaces of the first cuneiform bone, 
and the base of the first metatarsal bone. 
This muscle overlaps the anterior tibial vessels 
and deep peronseal nerve in the upper part of 
the leg. 

Nerve-supply. — The Tibialis anterior is supplied 
by the fourth and fifth lumbar and first sacral 
nerves, through the deep peroneeal nerve. 

Actions. — The Tibialis anterior is a flexor of 
the ankle-joint ; it also raises the medial border 
of the foot, i.e. inverts the foot. 

The Extensor hallucis longus (figs. 610. 
615) is a thin muscle, situated between the 
Tibialis anterior and the Extensor digitorum 
longus. It arises from the anterior surface of 
the fibula for about the middle two-fourths of 
its extent, medial to the origin of the Extensor 
digitorum longus ; it also arises from the 
anterior surface of the interosseous membrane 
to a similar extent. The anterior tibial vessels 
and deep peronaeal nerve lie between it and 
the Tibialis anterior. The fibres pass down- 
wards, and end in a tendon, which occupies 
the anterior border of the muscle, passes 
through a compartment in the cruciate crural 
ligament, crosses to the medial side of the 
anterior tibial vessels near the ankle-joint, 
and is inserted into the base of the distal 
phalanx of the great toe. Opposite the meta- 
tarsophalangeal articulation a thin prolongation 
is given off from either side of the tendon and 
covers the dorsal surface of the joint. An 
expansion from the medial side of the tendon is 
usually inserted into the base of the proximal 
phalanx. 

Nerve-supply. — The Extensor hallucis longus 
is supplied by the fourth and fifth lumbar and 
first sacral nerves through the deep peronseal 
nerve. 

Actions. — The Extensor hallucis longus 
extends the phalanges of the great toe ; in con- 
tinued action it flexes the ankle-joint. 

The Extensor digitorum longus (figs. 
609, 610, 615) is a pennate muscle, situated at 
the lateral part of the front of the leg. It 
arises from the lateral condyle of the tibia, 
the upper three-fourths of the anterior surface 
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of the body of the fibula, the upper part of the anterior surface of the 
interosseous membrane, the deep surface of the fascia cruris, the anterior fibular 
intermuscular septum and the septum between it and the Tibialis anterior. 
Between it and the Tibialis anterior are the upper portions of the anterior 
tibial vessels and the deep peronseal nerve. The tendon passes under the 
transverse and cruciate crural ligaments in company with the Peronseus tertius, 
and divides into four slips, which run forward on the dorsum of the foot, 
and are inserted into the second and third phalanges of the four lesser toes. 
The tendons to the second, third, and fourth toes are each joined, opposite the 
metatarsophalangeal articulation, on the lateral side by a tendon of the 
Extensor digitorum brevis. The tendons are inserted as follows : each receives 
a fibrous expansion from the corresponding Lumbricalis and Interossei, and 
then spreads out into a broad aponeurosis, which covers the dorsal surface of 
the first phalanx ; at the articulation of the first with the second phalanx this 
aponeurosis divides into three slips — an intermediate, which is inserted into the 
base of the second phalanx ; and two collateral slips, which, after uniting 
with one another on the dorsal surface of the second phalanx, are inserted 
into the base of the third phala nx . 

Nerve-supply. — The Extensor digitorum longus is supplied by the fourth and 
fifth lumbar and first sacral nerves, through the deep peronseal nerve. 

Actions. — The Extensor digitorum longus extends the phalanges of the toes, 
and when its action is continued flexes the ankle-joint. 

The Peronaeus tertius (figs. 610, 615) is a part of the Extensor digitorum 
longus, and might be described as its fifth tendon. The fibres belonging to 
this tendon arise from the lower one-third or more of the anterior surface of 
the fibula, the lower part of the anterior surface of the interosseous mem- 
brane, and the anterior fibular intermuscular septum. The tendon passes 
under the transverse and cruciate crural ligaments in the same compartment 
as the Extensor digitorum longus, and is inserted into the dorsal surface of 
the base of the fifth metatarsal bone, but often spreads into a thin sheet 
which extends forwards along the shaft of the bone. This muscle is some- 
times wanting. 

Nerve-supply. — The Peronseus tertius is supplied by the fourth and fifth lumbar 
and first sacral nerves, through the deep peronseal nerve. 

Actions. — The Peronseus tertius flexes the ankle-joint; it also raises the 
lateral border of the foot, i.e. everts the foot. 


2. The Posterior Crural Muscles 

The muscles of the back of the leg are subdivided into two groups — superficial 
and deep. Those of the superficial group constitute a powerful muscular 
mass, forming the calf of the leg. Their large size is one of the most 
characteristic features of the muscular apparatus in man, and bears a direct 
relation to his erect attitude and his mode of progression. 


Superficial Group (fig. 611). 

Gastrocnemius. Soleus. Plantaris. 

The Gastrocnemius (figs. 609, 611) is the most superficial of the group, 
and forms the greater part of the calf. It arises by two heads, which are 
connected to the condyles of the femur by strong, flat tendons. The medial 
and larger head takes its origin from a depression at the upper and posterior 
part of the medial condyle behind the adductor tubercle, and. from a rounded 
tubercle on the popliteal surface of the femur just above the medial condyle. 
The lateral head arises from an impression on the lateral surface of the lateral 
condyle and from the lower part of the corresponding epicondylar ridge. Both 
heads also arise from the subjacent part of the articular capsule of the knee 
joint. Each head spreads out into a tendinous expansion which covers the 
posterior surface of the corresponding part of the muscle. From the anterior 
surfaces of these tendinous expansions, muscular fibres are given off ; those of 
the medial head being thicker and extending lower than those of the lateral 
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2. The Medial Volar Muscles (figs. 588, 589) 

Palmaris brevis. Flexor digit! quint! brevis. 

Abductor digit! quinti. ■ Opponens digit! quinti. 

The Palmaris brevis (fig. 587) is a thin, quadrilateral muscle, placed 
beneath the skin of the ulnar side of the hand. It arises by tendinous fasciculi 


Fig. 589. — The muscles of the left hand. Volar aspect. 



from the transverse carpal ligament and palmar aponeurosis ; the fleshy fibres 
are inserted into the skin on the proximal part of the ulnar border of the hand. 

Nerve-supply. — The Palmaris brevis is supplied by the eighth cervical nerve 
through the ulnar nerve. 
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about 15 cm. long, and begins near the middle of the leg, but receives fleshy 
fibres on its anterior surface, almost to its lower end. It gradually narrows and 
thickens until it reaches a level about 4 cm. above the calcaneus ; below this 
level it expands and is inserted into the middle part of the posterior surface 
of the calcaneus, a bursa being interposed between the tendon and the upper 
part of this surface. 

Actions. — The muscles of the calf — Gastrocnemius and Soleus — are the chief 
extensors of the ankle-joint. They possess considerable power, and are called into 
use in standing, walking, dancing, and leaping ; hence the large size they usually 
present. In walking, these muscles raise the heel from the ground ; the body being 
thus supported on the raised foot, the opposite limb can be carried forwards. 

The Plantaris (fig. 611) arises from the lower part of the lateral prolonga- 
tion of thelinea aspera, and from the oblique popliteal ligament of the knee-joint. 
It forms a small fusiform belly, from 7 cm. to 10 cm. long ; this ends in a long 
slender tendon which crosses obliquely between the Gastrocnemius and Soleus, 
and runs along the medial border of the tendo calcaneus, to be inserted with 
it into the posterior part of the calcaneus. This muscle is sometimes double, 
and at other times wanting. Occasionally, its tendon is lost in the laciniate 
ligament, or in the fascia of the leg. 

Nerve-supply. — The Plantaris is supplied by the fourth and fifth lumbar and 
first sacral nerves, through the tibial nerve. 

Actions. — The Plantaris is the rudiment of a large muscle, the tendon of which 
in some of the lower animals is inserted into the plantar aponeurosis : in man it 
is an accessory to the Gastrocnemius, extending the ankle-joint if the foot be free, 
or flexing the knee-joint if the foot be fixed. 

Deep Group (fig. 612) 

Popliteus. Flexor digitorum longus. 

Flexor hallucis longus. Tibialis posterior. 

The deep transverse fascia of the leg is a septum between the superficial 
and deep muscles of the back of the leg. At the sides it is connected to the 
medial margin of the tibia and the posterolateral border of the fibula. Above, 
where it covers the Popliteus, it is thick and dense, and receives an expansion 
from the tendon of the Semimembranosus ; it is thin in the middle of the 
leg ; but below, where it covers the tendons passing behind the malleoli, it 
is thick and continuous with the laciniate ligament. 

The Popliteus (fig. 612) is a thin, flat, triangular muscle, which forms the 
floor of the lower part of the popliteal fossa. It arises by a strong tendon 
about 2*5 cm. long, from a depression at the anterior part of the groove on 
the lateral condyle of the femur, and to a small extent from the oblique 
popliteal ligament of the knee-joint. It is inserted into the medial two-thirds 
of the triangular surface above the popliteal line on the posterior surface of 
the body of the tibia, and into the tendinous expansion covering the muscle. 

Relations. — Its tendon of origin is covered by the tendon of the Biceps femoris and by 
the fibular collateral ligament of the knee-joint : it grooves the posterior border of the 
lateral meniscus, and is invested by the synovial stratum of the capsule of the knee-joint. 
The fascia covering the muscle separates it from the Gastrocnemius, Plantaris, popliteal 
vessels, and tibial nerve. The deep surface of the muscle is in contact with the oblique 
popliteal ligament of the knee-joint and the hack of the tibia. 

Nerve-supply. — The Popliteus is supplied by the fourth and fifth lumbar and 
first sacral nerves, through the tibial nerve. 

Actions. — The Popliteus flexes the knee-joint ; when the joint is flexed, it 
rotates the tibia inwards. It is specially called into action at the beginning of 
flexion of the knee-joint inasmuch as it produces the slight inward rotation of the 
tibia which is essential in the early stage of this movement. 

The Flexor hallucis longus (figs. 612, 615) is situated on the fibular side 
of the leg'. It arises from the inferior two-thirds of the posterior surface of the 
body of the fibula, with the exception of about 2*5 cm. at its lowest part ; from 
the lower part of the interosseous membrane ; from the posterior fibular inter- 
muscular septum, and from the fascia covering the Tibialis posterior. The fibres 
pass obliquely downwards and backwards, and end in a tendon which occupies 
nearly the whole length of the posterior surface of the muscle. This tendon lies 

G. A. S 2 
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Fig. 612 . — The right posterior 
crural muscles. Deep group. 


in a groove which crosses the posterior surface of the lower end of the tibia, 
the posterior surface of the talus, and the under surface of the sustentaculum 

tali of the calcaneus. In the sole of the foot 
it runs forwards between the two heads of the 
Flexor hallucis brevis, and is inserted into 
the base of the distal phalanx of the great toe. 
The grooves on the talus and calcaneus, which 
contain the tendon of the muscle, are converted 
by tendinous fibres into a canal which is fined 
by a mucous sheath. As the tendon passes for- 
wards in the sole of the foot, it is situated above, 
and crosses from the lateral to the medial side 
of, the tendon of the Flexor digitorum longus, to. 
which it is connected by a fibrous slip. 

Relations. — Its superficial surface is in relation with 
the Soleus and ten do calcaneus, from which it is 
separated by the deep transverse fascia ; its deep 
surface , with the fibula, Tibialis posterior, the 
peroneal vessels, the lower part of the interosseous 
membrane, and the ankle-joint ; its lateral border , 
with the Peronaei ; its medial border , with the Tibialis 
posterior, posterior tibial vessels and tibial nerve. 

Nerve-supply. — The Flexor hallucis longus is 
supplied by the fifth lumbar and first and second 
sacral nerves, through the tibial nerve. 

Actions. — The Flexor hallucis longus flexes 
the great toe, and, continuing its action, extends 
the ankle-joint. 

The Flexor digitorum longus (fig. 612) 
is situated on the tibial side of the leg. At 
its origin it is thin and pointed, but it gradu- 
ally increases in size as it descends. It arises 
from the posterior surface of the body of the 
tibia, medial to the tibial origin of the Tibialis 
posterior ; this origin extends from immediately 
below the popliteal line to within 7 cm. or 8 cm, 
of the lower extremity of the bone ; it also 
arises from the fascia covering the Tibialis 
posterior. The fibres end in a tendon, which 
runs nearly the whole length of the posterior 
surface of the muscle. This tendon passes 
behind the medial malleolus, in a groove common 
to it and the Tibialis posterior, but separated 
from the latter by a fibrous septum ; each 
tendon being contained in a special compart- 
ment lined by a separate mucous sheath. It 
passes obliquely forwards and lateralwards, 
in contact with the medial side of the 
sustentaculum tali (fig. 613), and deep to 
the laciniate ligament, and enters the sole of 
the foot (fig. 620), where it crosses below (i.e. 
superficial to) the tendon of the Flexor hallucis 
longus, and receives from it a strong slip. It 
then expands and is joined by the Quadratus 
plantse, and finally divides into four tendons, 
which are inserted into the bases of the last 
phalanges of the second, third, fourth, and fifth 
toes, each tendon passing through an opening 
in the corresponding tendon of the Flexor digi- 
torum brevis opposite the base of the first phalanx. 

Relations. — In the leg its superficial surface is in relation with the posterior tibial 
vessels and tibial nerve, and the deep transverse fascia which separates it from the 
Soleus; its deep surface, with the tibia and Tibialis posterior. In the foot, it is covered 
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by the Abductor hallueis and Flexor digitorum brevis, and crosses superficial to the 
Flexor hallucis longus. 

Nerve-supply.— The Flexor digitorum longus is supplied by the fifth lumbar and 
first sacral nerves through the tibial nerve. 

Actions — The Flexor digitorum longus flexes the phalanges of the toes, and in 
continued action extends the anHe-joint. In consequence of the oblique direc- 
tion of its tendons it draws the toes medialwards, but this is counteracted by the 
Quadratus plantae which is inserted into the lateral side of the tendon. 


Fig. 613. — A coronal section through the right talocrural and talocalcaneal joints. 
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The Tibialis posterior (figs. 609, 612) lies between the Flexor hallucis 
longus and Flexor digitorum longus, and is the deepest muscle on the back of 
the leg. It begins above by two pointed processes, separated by an angular 
interval through, which the anterior tibial vessels pass to the front of the leg. 
It arises from the posterior surface of the crural interosseous membrane, 
with the exception of its lowest part ; from the lateral portion of the posterior 
surface of the body of the tibia, between the commencement of the popliteal 
line above and the junction of the middle with the lower one-third of the body 
below ; and from the upper two -thirds of the medial surface of the fibula ; 
some fibres also arise from the deep transverse fascia, and from the inter- 
muscular septa separating it from the adjacent muscles. In the lower one- 
fourth of the leg its tendon passes in front of that of the Flexor digitorum 
longus and lies with it in a groove behind the medial malleolus, but enclosed 
in a separate sheath ; it next passes under the laciniate and over the deltoid 
ligament into the foot, and then below the plantar calcaneonavicular ligament, 
where it contains a sesamoid fibrocartilage. It is inserted into the tuberosity 
of the navicular hone, and gives off fibrous slips, one of which passes backwards 
and is attached to the sustentaculum tali of the calcaneus, while others pass 
forwards and lateralwards and are fixed to the three cuneiform hones, the 
cuboid bone, and the bases of the second, third, and fourth metatarsal bones. 
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Relations. — Its superficial surface is in relation with the Soleus, from which it is 
separated by the deep transverse fascia, the Flexor digitorum longus, the posterior tibial 
vessels and tibial nerve, and the peronaaal vessels; its deep surface with the interosseous 
membrane, the tibia, fibula, and ankle-joint. 

Nerve-supply.— The Tibialis posterior is supplied by the fifth lumbar and first 
sacral nerves through the tibial nerve. 

Actions, — The Tibialis posterior extends the ankle-joint ; it also pulls up the 
medial border of the foot, i.e. inverts the foot. In the sole of the foot its tendon 
lies directly below the plantar calcaneonavicular ligament, and is an important 
factor in maintaining the longitudinal arch of the foot. 


3. The Lateral Crural Muscles (fig. 614) 

Peronseus longus. Peronseus brevis. 

The Peronaeus longus (figs. 609, 612, 614) is situated at the upper part of the 
lateral side of the leg, and is the more superficial of the two muscles. It arises 
from the head and upper two-thirds of the lateral surface of the body of the 


Biceps femoris- 


Fig. 614. — The right lateral crural muscles. 
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fibula, from the deep surface of the fascia, and from the anterior and posterior 
fibular intermuscular septa : occasionally also by a few fibres from the lateral 
condyle of the tibia. Between its attachments to the head and body of the 
fibula there is a gap through which the common peronseal nerve passes to 
the front of the leg. It ends in a long tendon, which runs behind the lateral 
malleolus, in a. groove common to it and the tendon of the Peronseus brevis, 
behind which it lies ; the groove is converted into a canal by the superior 
peronseal retinaculum, and the tendons in it are contained in a common mucous 
sheath. The tendon then extends obliquely forwards across the lateral side 
of the calcaneus, below the trochlear process and the tendon of the Peronseus 
brevis, and under cover of the inferior peronseal retinaculum ; it crosses the 
lateral side of the cuboid bone, and then runs on the under surface of that 
bone in a groove which is converted into a canal by the long plantar ligament. 


Fig. 615. — A transverse section through the leg, 6 cm. proximal to the tip of the 

medial malleolus. 
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It then crosses the sole of the foot obliquely, and is inserted by two slips 
into (a) the lateral side of the base of the first metatarsal bone and ( b ) the 
lateral side of the first cuneiform bone ; occasionally a third slip is attached 
to the base of the second metatarsal bone. The tendon changes its direction 
at two points : (a) below the lateral malleolus, ( b ) on the cuboid bone ; in both 
of these situations it is thickened, and, in the latter, a sesamoid fibro-cartilage 
(sometimes a bone) is usually developed in its substance. 

Nerve-supply. — The Peronseus longus is supplied by the fourth and fifth lumbar 
and first sacral nerves through the superficial peronseal nerve. 

Actions. — The Peronseus longus extends the ankle-joint and everts the foot. 
As a consequence of the oblique direction of its tendon across the sole it is an impor- 
tant agent in maintaining the transverse arch of the foot. Taking its fixed point 
below, the Peronseus longus serves to steady the leg on the foot ; this is especially 
the case in standing on one leg, when the tendency of the superincumbent weight 
is to throw the leg medialwards ; the Peronseus longus overcomes this tendency by 
drawing on the lateral side of the leg. 

The Peronaeus brevis (figs. 614, 615) arises from the lower two-thirds of 
the lateral surface of the body of the fibula, in front of the Peronseus longus ; 
and from the anterior and posterior fibular intermuscular septa. The fibres 
pass vertically downwards, and end in a tendon which runs behind the lateral 
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malleolus along with, but in front of, that of the Peronaeus longus, the two tendons 
being enclosed in the same compartment, and lubricated by a common mucous 
sheath. It then runs forwards on the lateral side of the calcaneus, above the 
trochlear process and the tendon of the Peronaeus longus, and is inserted into 
the tuberosity at the base of the fifth metatarsal bone, on its lateral side. 

On the lateral surface of the calcaneus the tendons of the Peronaei longus 
et brevis occupy separate osseo-aponeurotic canals formed by the calcaneus 
and the inferior peronaeal reticulum ; each tendon is enveloped by a forward 
prolongation of the common mucous sheath. 

Nerves. — The Peronaeus brevis is supplied by the fourth and fifth lumbar and 
first sacral nerves through the superficial peronseal nerve. 

Action. — The Peronaeus brevis extends the foot upon the leg. 

Applied Anatomy . — Rigidity and contraction of the tendons of the various muscles of 
the leg give rise to one or other of the kinds of deformity known as club foot . The most 
simple and common deformity, and one that is rarely, if ever, congenital, is talipes 
equinus, the heel being raised by the rigidity and contraction of the Gastrocnemius so 
that the patient walks upon the ball of the foot. A condition of temporary talipes 
equinus is often produced by the weight of the bed-clothes in patients, particularly 
children, who have been kept lying on their backs in bed for a few weeks. In these cases 
unless a cradle is used to protect the feet, the weight of the bed-clothes will often keep 
them extended, causing a temporary short tyring of the calf -muscles that will prevent the 
patient from flexing the ankles to anything less than a right angle, and will produce a 
characteristic shuffling gait when he first gets up and walks. In talipes varus , the foot is 
forcibly adducted and the medial side of the sole raised, sometimes to a right angle with 
the ground, by the action of the Tibiales anterior et posterior. In talipes valgus , the 
lateral edge of the foot is raised by the Peronsei, and the patient walks on the medial side 
of the foot. In talipes calcaneus the toes are raised by the extensor muscles, the heel is 
depressed and the patient walks upon it. Other varieties of deformity are met with, as 
talipes equinovarus , equinovalgus , and calcaneovalgus , names which sufficiently indicate 
their nature. Of these, talipes equinovarus is the most common congenital form; the 
heel is raised by the tendo calcaneus, the medial border of the foot drawn upwards by the 
Tibialis anterior, the anterior two-thirds twisted medialwards by the Tibialis posterior, 
and the arch increased by the contraction of the plantar aponeurosis, so that the patient 
walks on the middle of the lateral border of the foot. Each of these deformities may 
sometimes be successfully relieved by division of the opposing tendons and fascia ; by this 
means the foot regains its proper position, and the tendons heal by the organisation of 
lymph thrown out between the divided ends. The. operation is "easily performed by 
putting the contracted tendon upon the stretch, and dividing it by means of a narrow, 
sharp-pointed knife inserted beneath it. 

Rupture of a few of the fibres of the Gastrocnemius, or rupture of the Plantaris tendon, 
not uncommonly occurs, especially in men somewhat advanced in life, from some sudden 
exertion, and frequently occurs during the game of lawn-tennis, and is hence known as 
‘ lawn-tennis leg.’ The accident is accompanied by a sudden pain, and produces a sensa- 
tion as if the individual had been struck a violent blow on the part. The tendo calcaneus 
is also sometimes ruptured. It is stated that J ohn Hunter ruptured his tendo calcaneus 
while dancing, at the age of forty. The bursa between the tendo calcaneus and the 
posterior surface of the calcaneus sometimes becomes inflamed, especially in pedestrians 
and * long-distance ’ walkers. It causes great and disabling pain, and entirely prevents 
the sufferer from continuing his walk. 


THE FASCIA BOUND THE ANKLE 

Fibrous bands, thickened portions of fascia, bind down the tendons in 
front of and behind the ankle in their passage to the foot. They comprise 
the transverse crural, cruciate crural, and laciniate ligaments, and the superior 
and inferior peronseal retinacula. 

The transverse crural ligament (upper part of anterior annular liga- 
ment) (figs. 610, 616) binds down the tendons of the Tibialis anterior, Extensor 
hallucis longus, Extensor digitorum longus and Peronaeus tertius as they 
descend on the front of the tibia and fibula ; the anterior tibial vessels and 
the deep peronaeal nerve also pass under cover of it. It is attached laterally 
to the lower end of the fibula, and medially to the tibia ; above, it is continuous 
with the fascia of the leg. 
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The cruciate crural ligament (lower part of anterior annular ligament) 
(figs. 610, 616) is a Y-shaped band placed in front of the ankle-joint. The 
stem of the Y is attached to the upper surface of the calcaneus, in front of 
the sulcus calcanei ; it is directed medial wards in front of the tendons of the 


Fig. 616. — The mucous sheaths of the tendons round the right ankle. Lateral aspect. 
(From a specimen prepared by J. C. B. Grant.) 



Fig-. 617. — The mucous sheaths of the tendons round the right ankle. Medial aspect. 
(From a specimen prepared by J. C. B. Grant.) 
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Peronseus tertius and Extensor digitorum longus and divides into two limbs. 
One limb is directed upwards and medialwards, to be attached to the tibial 
malleolus, passing over the Extensor hallucis longus and the anterior tibia) 
vessels and deep peronseal nerve, but enclosing the Tibialis anterior by splitting 
into two laminse. The other limb extends downwards and medialwards to be 
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attached to the plantar aponeurosis ; it crosses the tendons of the Extensor 
hallucis longus and Tibialis anterior, the arteria dorsalis pedis, and the 
terminal branches of the deep peronaeal nerve. 

The laciniate ligament (internal annular ligament) extends from the 
tibial malleolus above to the margin of the calcaneus below ; its upper border 
is continuous with the deep fascia of the leg, its lower with the plantar 
aponeurosis and the fibres of origin of the Abductor hallucis muscle. It converts 
a series of bony grooves in this situation into canals for the passage of the 
tendons of the flexor muscles into the sole of the foot and also affords protection 
to the posterior tibial vessels and tibial nerve as they enter the sole of the 
foot. From the medial to the lateral side, these structures lie in the following 
order : tendon of the Tibialis posterior, tendon of the Flexor digitorum longus, 
posterior tibial vessels and tibial nerve, and tendon of the Flexor hallucis 
longus. 

. The peronaeal retinacula are fibrous bands which retain the tendons of 
the Peronaei longus et brevis in position as they cross the lateral side of the 
ankle. The superior retinaculum (external annular ligament) is attached 
above to the lateral malleolus and below to the lateral surface of the calcaneus. 
The inferior retinaculum is continuous in front with the cruciate crural ligament ; 
behind it is attached to the lateral surface of the calcaneus ; some of its fibres 
are fixed to the trochlear process of the calcaneus, forming a septum between 
the tendons of the Peronaei longus et brevis. 

The mucous sheaths of the tendons round the ankle. — The tendons 
crossing the ankle-joint are enclosed in mucous sheaths. On the front of the 
ankle (fig. 616) the sheath for the Tibialis anterior extends from the upper 
margin of the transverse crural ligament to the interval between the diverging 
limbs of the cruciate ligament ; those for the Extensor digitorum longus 
and Extensor hallucis longus reach upwards to just above the level of the 
malleoli, the former being the higher. The sheath of the Extensor hallucis 
longus is prolonged on to the base of the first metatarsal bone, while that 
of the Extensor digitorum longus reaches only to the level of the base of the 
fifth metatarsal bone. On the medial side of the ankle (fig. 617) the sheath for 
the Tibialis posterior extends for about 4 cm. above the malleolus ; below, it 
ends just short of the insertion of the tendon into the tuberosity of the navicular 
bone. The sheath for the Flexor hallucis longus reaches up to the level of 
the malleolus, while that for the Flexor digitorum longus is slightly higher ; 
the former is continued to the base of the first metatarsal bone, but the latter 
ends opposite the navicular bone. 

On the lateral side of the ankle (fig. 616) a sheath, which is single for the 
greater part of its extent, encloses the Peronsei longus et brevis. It extends 
upwards for about 4 cm. above the tip of the malleolus and downwards and 
forwards for about the same distance. 


IV. The Muscles oe the Foot 
L The Dohsal Muscle of the Foot 
Extensor digitorum brevis 

The fascia on the dorsum of the foot (fascia dorsalis pedis) is a thin 
membranous layer, continuous above with the transverse and cruciate crural 
ligaments ; on either side it blends with the plantar aponeurosis ; anteriorly 
it forms a sheath for the tendons on the dorsum of the foot. 

The Extensor digitorum brevis (figs. 610, 616) is a thin muscle, which 
arises from the forepart of the upper and lateral surface of the calcaneus, in. 
front of the groove for the Peronseus brevis ; from the lateral talocalcaneal 
ligament, and the stem of the cruciate crural ligament. It passes obliquely 
forwards and medialwards across the dorsum of the foot, and ends in four 
tendons. The medial part of the muscle is usually a more or less distinct slip 
ending in a tendon which crosses the dorsalis pedis artery and is inserted into 
the dorsal surface of the base of the first phalanx of the great toe ; it is- 
sometimes described as a separate muscle — the Extensor hallucis brevis. The 
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other three tendons are inserted into the lateral sides of the tendons of the 
Extensor digitorum longus of the second, third, and fourth toes. 

Nerve-supply. — The Extensor digitorum brevis is supplied by the fourth and 
fifth lumbar and first sacral nerves through the deep peronaeal nerve. 

Actions.—The Extensor digitorum brevis extends the phalanges of the four toes 
into which it is inserted, but, in the great toe, acts only on the first phalanx. 

2. The Plantar Muscles oe the Foot 

The plantar aponeurosis (fig. 618) is of great strength, and consists of 
white fibres disposed, for the most part, longitudinally : it is divided into 
central, lateral, and medial portions. 

Fic. 618. — The plantar aponeurosis of the right foot. 

Lateral calcaneal vessels 



The central portion, the thickest, is narrow behind, and attached to the- 
medial process of the tuberosity of the calcaneus, posterior to the origin of 
the Flexor digitorum brevis ; it becomes broader and thinner in front, and 
divides near the heads of the metatarsal bones into five processes, one for each 
of the toes. Each of these processes splits opposite the metatarsophalangeal 
articulation into two strata, superficial and deep. The superficial stratum. 
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is inserted into the skin of the transverse sulcus which separates the toes from 
the sole. The deep stratum divides into two slips which embrace the sides 
of the flexor tendons of the toes, and blend with the sheaths of the tendons 
and with the transverse metatarsal ligament, thus forming a series of arches 
through which the tendons of the short and long flexors pass to the toes. 
Through -the intervals between the five processes the digital vessels and nerves 
and the tendons of the Lumbricales are transmitted. At the point of division 
of the aponeurosis are numerous transverse fasciculi which bind the processes 
together, and connect them with the integument. The central portion of 
the plantar aponeurosis is continuous with the lateral and medial portions, and 
sends upwards into the foot, at the lines of junction, two vertical intermuscular 
septa, which separate the intermediate from the lateral and medial groups of 
plantar muscles ; from these vertical septa thinner transverse septa are derived 
which separate the different layers of muscles in this region. The deep surface 

of the central part of the aponeurosis gives 
origin behind to the Flexor digitorum 
brevis. 

The lateral portion covers the under sur- 
face of the Abductor digiti quinti ; it is 
thin in front and thick behind, where it 
forms a strong band between the lateral 
process of the tuberosity of the calcaneus 
and the base of the fifth metatarsal bone ; 
it is continuous medially with the central 
portion, and laterally with the fascia dor- 
salis pedis. 

The medial portion is thin, and covers 
the under surface of the Abductor hallucis ; 
it is continuous behind with the laciniate 
ligament, medially with the fascia dorsalis 
pedis, and laterally with the central portion 
of the plantar aponeurosis. 

The muscles in the plantar region of 
the foot may be divided into medial, lateral 
and intermediate groups ; but for des- 
criptive purposes it is more convenient to 
divide them into four layers, in the order 
in which they are successively exposed in 
dissecting this region. 

The First Layer (fig. 619) 

Abductor hallucis. 

Flexor digitorum brevis. 
Abductor digiti quinti. 

The Abductor hallucis (fig. 619) lies 
along the medial border of the foot and 
covers the origins of the plantar vessels 
and nerves. It arises from the medial 
process of the tuberosity of the calcaneus, 
the laciniate ligament, the plantar apon- 
eurosis, ‘ and the intermuscular septum 
between it and the Flexor digitorum brevis. 
The fibres end in a tendon which is inserted, 
together with the medial tendon of the 
Flexor hallucis brevis, into the medial side 
of the base of the first phalanx of the great 
toe. 

Nerve-supply. — The Abductor hallucis is supplied by the fifth lumbar and first 
sacral nerves, through the medial plantar nerve. 

Actions. — The Abductor hallucis flexes the proximal phalanx of the great toe 
and draws it medial wards. „ • 


Fig. 619.' — The plantar muscles of the 
right foot. First layer. 
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The Flexor digitorum brevis (fig. 619) lies immediately above the central 
part of the plantar aponeurosis. Its deep surface is separated from the lateral 
plantar vessels and nerves by a thin layer of fascia. It arises by a narrow 
tendon, from the medial process of the tuberosity of the calcaneus, from the 
central part of the plantar aponeurosis, and from the intermuscular septa 
between it and the adjacent muscles. It divides into four tendons, one for 
each of the four lesser toes. Opposite the bases of the first phalanges, each 
tendon divides into two slips, to allow of the passage of the corresponding 
tendon of the Flexor digitorum longus; the two slips then unite, partially 
decussate, and form a grooved channel for the reception of the tendon of the 
Flexor digitorum longus. The tendon divides again and is inserted into 
the sides of the second phalanx about its middle. The mode of division of the 
tendons of the Flexor digitorum brevis, and of their insertion into the phalanges, 
is analogous to that of the tendons of the Flexor digitorum sublimis in the 
hand. 

Nerve-supply. — The Flexor digitorum brevis is supplied by fifth lumbar and first 
sacral nerves, through the medial plantar nerve. 

Actions. — The Flexor digitorum brevis flexes the second phalanges upon the 
first ; continuing its action it flexes the first phalanges and brings the toes together. 

The fibrous sheaths of the flexor tendons (fig. 619). — The terminal 
portions of the tendons of the long and short flexor muscles are contained in 
osseo-aponeurotic canals similar in their arrangement to those in the fingers. 
These canals are bounded above by the phalanges, and below by fibrous bands, 
which arch across the tendons, and are attached on either side to the margins 
of the phalanges. Opposite the bodies of the proximal and second phalanges the 
fibrous bands {vaginal ligaments ) are strong, and the fibres are transverse ; but 
opposite the joints they are much thinner, and the fibres are directed obliquely. 
Each canal contains a mucous sheath, which is reflected on the contained 
tendons ; within this sheath are vincula tendinum arranged similarly to those 
of the fingers. 

The Abductor digiti quinti (fig. 619) lies along the lateral border of the 
foot, and its medial margin is in relation with the lateral plantar vessels and 
nerve. It arises from the lateral and medial processes of the tuberosity of the 
calcaneus, from the under surface of the bone between the processes, from 
the plantar aponeurosis, and from the intermuscular septum between it and 
the Flexor digitorum brevis. Its tendon glides over a smooth facet on the 
under surface of the base of the fifth metatarsal bone and is inserted, with the 
Flexor digit! quinti brevis, into the lateral side of the base of the first phalanx 
of the fifth toe. 

Nerve-supply. — The Abductor digit! quinti is supplied by the first and second 
sacral nerves through the lateral plantar nerve. 

Actions. — The Abductor digit! quinti flexes the proximal phalanx of the little 
toe and draws it lateralwards. 


The Second Layer (fig. 620) 

Quadratus plantse. Lumbricales. 

The Quadratus plantse (Flexor accessorius) (fig. 620) arises by two heads, 
which are separated from each other by the long plantar ligament : the medial, 
the larger, head is muscular, and is attached to the medial concave surface 
of the calcaneus, below the groove for the tendon of the Flexor hallucis longus ; 
the lateral head, flat and tendinous, arises from the calcaneus in front of the 
lateral process of its tuberosity, and from the long plantar ligament. . The two 
portions join at an acute angle, and end in a flattened band which is inserted 
into the inferior surface and lateral margin of the tendon of the Flexor digitorum 
longus, forming a kind of groove in which the tendon is lodged. It usually 
sends slips to those tendons of the Flexor digitorum longus which pass to the 
second, third, and fourth toes. * 

Nerve-supply .—The Quadratus plantse is supplied by the first and second sacral 
nerves, through the lateral plantar nerve. 

Actions. — The Quadratus plantse assists the Flexor digitorum longus and converts 
the oblique pull of the tendons of that muscle into a direct backward pull on the toes. 
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The Lumbricales (fig. 620) are four small muscles, accessory to the tendons’ 
of the Flexor digitorum longus, and numbered from the medial side of the foot *. 
they arise from these tendons, as far back as their angles of separation, each 
springing from two tendons, except the first, which arises only from the medial 
border of the first tendon of the Flexor digitorum longus. The muscles end 
in tendons, which pass forwards on the medial sides of the four lesser toes 
and are inserted into the expansions of the tendons of the Extensor digitorum 
longus on the dorsal surfaces of the first phalanges. 


Fig. 620 — The plantar muscles of the 
right foot. Second layer. 



Fig. 621 . — The plantar muscles of the 
right foot. Third layer. 



Nerve-supply. — The first Lumbricalis is supplied by the fifth lumbar and first 
sacral nerves through the medial plantar nerve ; the others by the first and second 
sacral nerves through the lateral plantar nerve. 

Actions. — The Lumbricales flex the proximal phalanges, and by their 
insertions into the tendons of the Extensor digitorum longus, extend the middle 
and terminal phalanges. 
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The Third Layer (fig. 621) 

Flexor hallucis brevis. . Adductor hallucis. 

Flexor digiti quinti brevis. 

The Flexor hallucis brevis (fig. 621) arises by a pointed tendinous 
process from the medial part of the under surface of the cuboid bone, from 
the contiguous portion of the third cuneiform bone, and from the part of the 
tendon of the Tibialis posterior which is attached to that bone. It divides 
into a medial and a lateral portion, and the tendons of these are inserted into 
the corresponding sides of the base of the first phalanx of . the great toe, a 
sesamoid bone being present in each tendon at its insertion. The medial 
portion is blended with the Abductor hallucis previous to its insertion ; the 
lateral with the Adductor hallucis. The lateral portion of the Flexor hallucis 
brevis is sometimes described as the first plantar interosseous muscle. 

Nerve-supply. — The Flexor hallucis brevis is supplied by the fifth lumbar and 
first sacral nerves, through the medial plantar nerve. 

Action. — The Flexor hallucis brevis flexes the proximal phalanx of the great toe. 

The Adductor hallucis (fig. 621) arises by two heads — oblique and 
transverse. The oblique head springs from the bases of the second, third, 
and fourth metatarsal bones, and from the sheath of the tendon of the Peronseus 
longus, and is inserted, together with the lateral portion of the Flexor hallucis 
brevis, into the lateral side of the base of the first phalanx of the great toe. 
The transverse head (Transversus pedis), a narrow, fiat fasciculus, arises from 
the plantar metatarsophalangeal ligaments of the third, fourth, and fifth toes 
(sometimes only from the third and fourth), and from the transverse meta- 
tarsal ligament. It is inserted into the lateral side of the base of the first 
phalanx of the great toe, its tendon of insertion blending with that of the 
oblique head. 

Nerve-supply. — The Adductor hallucis is supplied by the first and second sacral 
nerves, through the lateral plantar nerve. 

Actions. — The oblique head of the Adductor hallucis is chiefly concerned in ad- 
ducting, but it also assists in flexing, the great toe ; the transverse head approximates 
the toes and thus increases the curve of the transverse arch of the metatarsus. 

The Flexor digiti quinti brevis (fig. 621) arises from the base of the 
fifth metatarsal bone, and from the sheath of the Peronaeus longus ; its tendon 
is inserted into the lateral side of the base of the first phalanx of the fifth toe. 
Occasionally a few of the deeper fibres are inserted into the lateral part of the 
distal one-half of the fifth metatarsal bone ; these are described by some as 
a distinct muscle, the Opponens digiti quinti. 

Nerve-supply. — The Flexor digiti quinti brevis is supplied by the first and second 
sacral nerves, through the lateral plantar nerve. 

Action. — The Flexor digiti quinti brevis flexes the little toe. 


The Fourth Layer . 

Interossei. 

The Interossei in the foot are similar to those in the hand, but are grouped 
on either side of the middle line of the second digit, instead of that of the third . 
They consist of a dorsal and a plantar set. 

The Interossei dorsales (fig. 622), four in number, are situated between 
the metatarsal bones. They are bipennate muscles, each arising by two heads 
from the adjacent sides of the metatarsal bones between which it is placed ; 
their tendons are inserted into the bases of the first phalanges, and into the 
aponeuroses of the tendons of the Extensor digitorum longus. The first 
is inserted into the medial side of the second toe ; the other three into the 
lateral sides of the second, third, and fourth toes. In the angular interval 
between the heads of each of the three lateral muscles, one of the perforating 
arteries passes to the dorsum of the foot ; through the space between the 
heads of the first muscle the deep plantar branch of the dorsalis pedis artery 
•enters the sole of the foot. 
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The Interossei plantares (fig. 623), three in number, lie beneath rather 
than between the metatarsal bones, and each is connected with but one 
metatarsal bone. They arise from the bases and medial sides of the bodies of 
the third, fourth, and fifth metatarsal bones, and are inserted into the medial 
sides of the bases of the first phalanges of the same toes, and into the 
aponeuroses of the tendons of the Extensor digitorum longus. 

Nerve-supply. — The Interossei dorsales et plantares are supplied by the first 
and second sacral nerves, through the lateral plantar nerve. The first Interosseous 
dorsalis frequently receives an extra filament from the medial branch of the deep 
peronseal nerve on the dorsum of the foot, and the second Interosseous dorsalis a 
twig from the lateral branch of the same nerve. 


Fig. 622. — The Interossei dorsales of the 
left foot. Dorsal aspect. 


Fig. 623. — The Interossei plantares of the 
left foot. Plantar aspect. 



Actions. — The Interossei dorsales are abductors from an imaginary line passing 
through the axis of the second toe, so that the first muscle draws the second toe 
medialwards, the second muscle draws the same toe lateralwards, and the third and 
fourth draw the third and fourth toes lateralwards. They assist in flexing the first 
and extending the second and third phalanges. The Interossei plantares adduct 
the third, fourth, and fifth toes towards the imaginary line passing through the 
second toe, and, by means of their insertions into the aponeuroses of the Extensor 
tendons, assist in flexing the proximal phalanges and extending the middle and 
terminal phalanges. 

Applied Anatomy. — The student should now consider the effects produced by the action 
of the various muscles in fractures of the bones of the lower extremity. The more common 
forms of fracture are selected for illustration and description. 

In fracture of the neck of the femur inside the articular capsule (fig. 624), the characteristic 
signs are slight shortening of the limb, and eversion of the foot, neither of which may appear 
until some time after the injury. The eversion is caused by the weight of the limb rotating 
it outwards. The shortening is produced by the contraction of all the muscles about the 
joint. The fragment which carries the head of the femur receives its nutrition through 
the vessels in the ligamentum teres. 

In fracture of the femur just below the trochanters (fig. 625), the upper fragment is tilted 
forwards almost at right angles with the pelvis, by the Psoas major and Iliacus ; and, at 
the same time, everted and abducted by the external rotator muscles and Glutsei, causing 
a marked prominence at the upper and lateral side of the thigh, and much pain from thfr 
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bruising and laceration of the muscles. The limb is shortened, because the lower fragment 
is drawn upwards by the Rectus femoris in front, and the Biceps femoris, Semimembranosus, 
and Semitendinosus behind ; it is, at the same time, everted. 


Fig. 624. — A fracture of the neck of the femur within the articular capsule. 



■Piriformis 
Gemellus superior 
Obturator internus 
Gemellus inferior 
Obturator externus 
Quadmtus femoris 


Fig. 625. — A fracture of the femur - 
below the trochanters. 



Fig. 626. — A fracture of the femur 
above the condyles. 
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. . Oblique fracture of the femur immediately above the condyles fiUfi'i is. a iv,,, • ^ , , 
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Pig. 628. — An oblique fracture of 
the body of the tibia. 
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T HE vascular system is divided for descriptive purposes into ( a ) the blood- 
vascular system , comprising the heart and blood-vessels through which 
the blood circulates ; * and ( b ) the lymph-vascular system , consisting of lymph- 
glands and lymphatic vessels, through which a colourless fluid, the lymph, 
circulates. The two systems communicate with each other and are intimatety 
associated development ally. 

The heart, the central organ of the blood- vascular system, is situated within 
the thorax. It is a muscular bag, by the contraction of which the blood is 
pumped to all parts of the body through a complicated series of tubes, termed 
arteries. The arteries undergo enormous ramification in their course through- 
out the body, and end in minute vessels, called arterioles , which open into 
a close-meshed network of microscopic vessels, termed capillaries. After the 
blood has passed through the capillaries it is collected into a series of minute 
vessels called venules , and which join with one another to form veins : the 
veins unite with one another, and ultimately two large venous trunks, named 
the superior and inferior venae cavse, are formed which return the blood to 
the heart. While the blood is passing through the capillaries a transudation 
of certain of its fluid elements takes place into the tissue-spaces ; this fluid 
is collected by the lymphatic vessels, and returned to the large veins at the 
root of the neck. The passage of the blood through the heart and blood-vessels 
is termed the circulation of the blood, of which the following is an outline. 

The heart is divided into right and left halves, and each half consists 
of two cavities, an atrium and a ventricle, which communicate freely with 
one another ; the atria are receiving chambers and the ventricles distributing 
ones. The right atrium and ventricle form the right half, and the left 
atrium and ventricle the left half of the heart ; the right half contains 
venous or impure blood ; the left, arterial or pure blood. From the cavity 
of the left ventricle the arterial or pure blood is carried into a large artery, the 
aorta, through the numerous branches of which it is distributed to all parts 
of the body, with the exception of the lungs. As the blood traverses the 
capillaries of the body it gives up to the tissues the materials necessary for 
their growth and nourishment, and receives from the tissues the waste products 
resulting from their metabolism. In doing so it is changed from arterial into 
venous blood, and the latter is returned by the veins to the right atrium of the 
heart; From this cavity the venous blood passes into the right ventricle, and 
from it is conveyed through the pulmonary arteries to the lungs, where it 
becomes arterialised, and is carried thence to the left atrium by the 
pulmonary veins. From the left atrium it passes into the left ventricle, from 
which the cycle once more begins. 

The course of the blood from the left ventricle through the body generally 
to the right side of the heart constitutes the greater or systemic circulation, 
while its passage from the right ventricle through the lungs to the left side 
of the heart is termed the lesser or pulmonary circulation. 

It is necessary, however, to state that the blood which circulates through 
the spleen, pancreas, stomach, small intestine, and the greater part of the 
large intestine is not returned directly from these organs to the heart, but 
is conveyed by the portal vein to the fiver. In the liver this vein divides like 
an artery, and ultimately ends in capillary-like vessels (sinusoids), from which 
* The blood is described on pp. 26 to 28. 
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the rootlets of the hepatic veins arise ; the hepatic veins carry the blood into 
the inferior vena cava which conveys it to the right atrium. From this it 
will be understood that the blood supplied to the above-named viscera passes 
through two sets of minute vessels before reaching the inferior vena cava : 
(1) the capillaries in the spleen, pancreas, stomach, &c., draining into the 
portal vein, and (2) the sinusoids in the liver, draining into the hepatic veins. 

The structure of the arteries (figs. 629, 630).— The wall of an artery consists 
of three coats, an internal or tunica intima , a middle or tunica media , and an external 
or tunica adventitia . The external coat is tougher than the other two, which are 
ruptured when a ligature is tied round the vessel, and, in virtue of their elasticity, 
become retracted from the site of the ligature. 

The tunica intima consists of (a) an internal layer of flattened cells, ( b ) beneath 
these, a small quantity of loose connective tissue, and (c) an elastic lamina. The 

flattened or endothelial cells are fusiform 


Fig. 629. — A transverse section through 
a small artery and vein of the mueou 
membrane of the epiglottis of a child 
x 350. (Klein and Noble Smith.) 



A. Artery ; a, tunica adventitia ; <?, endothelium 
resting on the elastic lamina ; m, tunica media. 

V. Vein ; a, tunica adventitia ; m, tunica media ; 
e, endothelium. 


in shape with the long axis of each in 
the long axis of the blood-vessel. Each 
cell possesses a nucleus, and is attached to 
adjacent cells by cement-substance which 
reduces silver nitrate. The connective 
tissue layer is very thin, and contains 
branched cells, and, in the larger arteries, 
fine elastic fibres. The elastic lamina is 
built up of longitudinally arranged elastic 
fibres fused together, and is usually 
fenestrated, having round or oval aper- 
tures at irregular intervals. In a trans- 
verse section of an artery it appears 
as a characteristic wavy line, owing to 
the contracted condition of the empty 
vessel. 

The tunica media , in the smaller and 
medium-sized arteries, consists principally 
of smooth muscular fibres arranged circu- 
larly round the vessel ; the fibres have 
well-marked, rod-shaped nuclei. In the 
smallest arteries the middle coat is entirely 
composed of smooth muscular fibres 
(fig. 630). In medium-sized arteries (fig. 
631) there are in addition elastic fibres 
and fine elastic membranes lying between 
the layers of muscular fibres. In the 
larger arteries, as the iliac and carotid, 


the proportion of elastic tissue is greatly 
increased, and in the aorta relatively thick elastic laminae form the greater part of 
the thickness of the middle coat. 


The tunica adventitia consists mainly of fine and closely felted bundles of white 
connective tissue ; in all hut the smallest arteries it ‘contains some elastic fibres. 
The elastic tissue is most abundant next the tunica media, and it is sometimes 
described as forming here, between the adventitia and media, a special layer, 
the tunica elastica externa ; this layer is most marked in arteries of medium 
size. In the largest vessels the external coat is relatively thin. From the medium- 
sized to the smaller arteries it diminishes gradually in thickness ; in the smallest 
arteries the elastic fibres are wanting, and the connective tissue, of which the coat 
is composed, becomes more homogeneous the nearer it approaches the capillaries, 
and is gradually reduced to a thin membranous envelope, which finally disappears. 

Some arteries have extremely thin walls in proportion to their size ; this is 
especially the case in those situated within the cranium and vertebral canal, where 
the external and middle coats of the arteries are reduced in thickness. 


> The arteries, in their distribution throughout the body, are enclosed in 
thin fihro-areolar sheaths. An artery is loosely connected with its sheath by 
delicate areolar tissue ; and the sheath usually encloses the accompanying veins, 
and sometimes a nerve. Some arteries, as those in the cranium, are devoid of 
sheaths. 
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Fig. 630. — A small artery and vein, from 
the pia mater of a sheep, x 250. 


The larger arteries are supplied with blood-vessels. These nutrient vessels, 
called the vasa vasorwn , arise from branches of the artery itself, or of a neighbouring 
vessel, at some considerable distance from 
the points at which they are distributed ; 
they ramify in the loose areolar tissue 
connecting the artery with its sheath, and 
are distributed to the external coat ; in 
man they do not penetrate the other 
coats ; but in some of the larger mammals 
a. few vessels have been traced into the 
middle coat. Minute veins return the 
blood from these vessels ; they empty 
themselves into the vein or veins accom- 
panying the artery. Lymphatic vessels 
are also present in the outer coat. 

Arteries are also supplied with nerves, 
which form intricate plexuses upon the 
surfaces of the larger trunks, and run 
along the smaller arteries as single 
filaments, or bundles of filaments. Most 
of the nerve-fibres are non-medullated, 
and are derived from the sympathetic 
system, but some are medullated. The 
non-medullated fibres are mostly efferent, 
and end in the middle coat. The medul- 
lated fibres are believed to be afferent and 
are distributed to the outer and inner coats. Pacinian corpuscles are occasionally 
found in the outer coat of the aorta. 

Fig. 631. — A transverse section through the wall of a femoral artery of a dog. x 250. 



Surface view above the interrupted line ; optical 
section below. Artery in red ; vein in blue. 
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The capillaries.-— The arterioles (excepting those of the cavernous structure of 
the sexual organs, of the splenic pulp, and of the placenta), subdivide into minute 
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vessels named capillaries which are interposed between the arterioles and the venules 
and constitute a network, the branches of which maintain the same diameter 
throughout. 

The diameters of the capillaries vary in the different tissues of the body, the 
usual size being about 8 /a when the blood is circulating. The smallest are found 
in the brain and in the mucous membrane of the intestines ; the largest in the 
skin, and in the marrow of bone, where they may have a diameter of 20 fi. 

The form of the capillary network varies in the different tissues, the meshes being 
generally round or elongated. Bound or angular meshes are most common, and 
prevail where there is a dense network, as in the lungs, in most glands and mucous 
membranes, and in the cutis. Elongated meshes occur in muscles and nerves, the long 
axis of the mesh running parallel with that of the muscle or nerve. Sometimes the 
capillaries have a. looped arrangement, as in the papillae of the tongue and skin. 

The number of the capillaries and the size of the meshes determine the degree 
of vascularity of a part ; the smallest meshes are found in the lungs and in the 
chorioid coat of the eye. As a general rule, the more active the function of the 
organ, the closer is its capillary net and the larger its supply of blood. Few blood- 
vessels are present in tendons, because in the latter little organic change occurs 
after their formation. 

The structure of the capillaries. — The wall of a capillary consists of flattened cells 
joined edge to edge by cement-substance, and continuous with the endothelial cells 

which line the arteries and veins. When stained 
with nitrate of silver the material which unites the 
edges of the epithelial cells is displayed, thus 
showing the outlines of the cells (fig. 632). These 
cells are of large size and of an irregular polygonal 
or lanceolate shape, each containing an oval 
nucleus which may be displayed by carmine or 
hematoxylin. Between their edges, at various 
points of their meeting, roundish dark spots are 
sometimes seen, which have been described as 
stomata, though they are closed by intercellular 
substance. By some they are believed to be 
the situations through which the colourless cor- 
puscles of the blood, when migrating from the 
blood-vessels, emerge ; but this view is not 
universally accepted. 

In developing capillaries, and in the capillaries 
of the glomeruli of the kidneys, the intestinal villi, 
and the chorioid coat of the eye, intercellular 
cement cannot be demonstrated, and the cells 
are believed to form a syncytium. 

In many situations a delicate sheath or envelope 
of branched nucleated connective tissue cells is 
found around the simple capillary tubes, parti* 
cularly the larger ones ; and in other places, 
especially in the glands, the capillaries are invested 
with retiform connective tissue. 

The sinusoids. — In the heart, the liver, the suprarenal and para-thyreoid glands, 
the glomera carotica and glomus coccygeum, the smallest blood-vessels differ from 
true capillaries. They are wider, with an irregular lumen, and have no connective 
tissue covering, their endothelial cells being in direct contact with the cells of the 
organ. Moreover, their walls are often incomplete. These vessels have been called 
sinusoids by Minot. They are formed by columns of cells or trabeculse pushing 
their way into a large blood-vessel or blood-space and carrying its endothelium 
before them ; at the same time the wall of the vessel or space grows out between 
the columns of cells. 

The structure of the veins. — The wails of the veins, like those of the arteries, 
are composed of three coats — internal, middle, and external ; and these are, with 
the necessary modifications, analogous to the coats of the arteries ; the internal 
being the endothelial, the middle the muscular, and the external the connective 
tissue or areolar (fig. 629). The main difference between the veins and the arteries 
is in the comparative weakness of the middle coat in the former. 


Fig. 632. — Capillaries from the 
mesentery of a guinea -pm, 
after treatm ent v i : i a i ■ : il : . 1 ■ 

of nitrate of silver. 




THE STRUCTURE OF THE VEINS 


573 


In the smallest veins the three coats are hardly to be distinguished (fig. 630). 
The endothelium is supported on a membrane separable into two layers, the outer 
of which is the thicker, and consists of a delicate, nucleated membrane (tunica 
adventitia), while the inner is composed of a network of longitudinal elastic fibres 
(tunica media). In the veins next above these in size (04 mm. in diameter), a 
connective tissue layer containing numerous smooth muscular fibres circularly 
disposed can be traced, forming the middle coat, while the elastic and connective 
tissue elements of the outer coat are more distinctly perceptible. In the middle- 
sized veins (fig. 633) the endothelium is of the same character as in the arteries, but 
its cells are shorter and broader. It is supported by a connective tissue layer, 
consisting of a delicate net- 
work of branched cells, and Fig. 633. — A transverse section through the wall of a 
external to this is a layer of femoral vein of a dog. x 250. The elastic tissue is 

elastic fibres disposed in the not differentiated in this preparation. 


form of a network in place of 
the definite fenestrated mem- 
brane seen in arteries. This 
constitutes the tunica intima. 
The tunica media is composed 
of a thick layer of connective 
tissue with elastic fibres, inter- 
mixed, in some veins, with 
a layer of smooth muscular 
fibres arranged circularly. 
The white fibres are in con- 
siderable excess, and the 
elastic fibres are in much 
smaller proportion in the veins 
than in the arteries. The 
tunica adventitia consists, as 
in the arteries, of areolar 



tissue with longitudinal elastic y ‘ 

fibres. In the largest veins 

it is from two to five times thicker than the tunica media, and contains a large 
number of longitudinal muscular fibres. These are most distinct in the inferior 
vena cava, especially at the termination of this vein in the hearty in the trunks 
of the hepatic veins, in all the large trunks of the portal vein, and in the external 
iliac, renal, and azygos veins. In the inferior vena cava, renal and portal veins 
they extend through the whole thickness of the outer coat, but in the other veins 
mentioned a layer of connective and elastic tissue is found external to the muscular 
fibres. The large veins which open into the heart are covered for a short distance 
with a layer of striped muscular tissue continued on to them from the heart. Muscular 
tissue is wanting — (1) in the veins of the maternal part of the placenta , (2) in 
the venous sinuses of the dura mater and the veins of the pia mater ; (3) in the 
veins of the retina ; (4) in the veins of the spongy substance of bones , (5) in the 
venous spaces of the corpora cavernosa. The veins of the above-mentioned parts 
consist of an endothelial lining supported on one or more layers of areolar tissue. 

Most veins are provided with valves which serve to prevent the reflux of the 
blood. Each valve is formed by a reduplication of the inner coat, strengthened 
bv connective tissue and elastic fibres, and is covered on both surfaces bv endo- 
thelium, the arrangement of which differs on the two surfaces. On the surface 
of the valve next the wall of the vein, the cells are arranged transversely , while 
on the other surface, over which the current of blood flows, the cells are arranged 
longitudinally in the direction of the current. Most commonly two such valves 
are found placed opposite one another, more especially in the smaller veins or 
in the larger trunks at the point where they are joined by smaller branches ; occa- 
sionally there are three and sometimes only one. The valves are semilunar. Ihey 
are attached by their convex edges to the wall of the vein ; the concave margins 
are free, directed in the course of the venous current, and he in close apposition 
with the wall of the vein as long as the current of blood takes its natural course , 
if, however, any regurgitation takes place, the valves become^ distended, their 
opposed edges are brought into contact, and the current is interrupted. The 
wall of the vein on the cardiac side of the attachment of each valve is expanded 
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into a pouch or sinus, which gives to the vessel, when injected or distended with 
blood, a knotted appearance. The valves are very numerous in the veins of the 
extremities, especially in the veins of the lower extremities, these vessels having 
to conduct the blood against the force of gravity. They are absent in the very 
small veins, i.e. those less than 2 mm. in diameter, also in the venae cavse, hepatic, 
renal, uterine, and ovarian veins. The cerebral and spinal veins, the veins of the 
cancellated tissue of bone, the pulmonary veins, and the umbilical vein and its 
branches, are also destitute of valves. A few valves are found in each testicular 
vein, and one also at its point of j unction with the renal vein or inferior vena cava 
respectively. A few valves are occasionally found in the azygos and intercostal 
veins. Valves are present in the tributaries of the portal vein in the foetus and 
for a short time after birth ; as a rule they soon atrophy and disappear, but some- 
times they persist in a degenerate form. 

The larger veins, like the arteries, are supplied with nutrient vessels, vasa 
vasorum . Nerves also are distributed to the veins in the same manner as to the 
arteries, but in much less abundance. 


The Thoracic Cavity 

The heart and lungs are situated within the thorax, the walls of which afford 
them protection. The heart lies between the two lungs, and is enclosed within 
a fibrous bag, the pericardium , while each lung is covered with a serous 
membrane, the pleura ; the space between the pleural membranes is named 
the mediastinal cavity . The skeleton of the thorax, and the shape and boun- 
daries of the cavity, have already been described (p. 193). 

The cavity of the thorax. — The capacity of the thoracic cavity does 
not correspond with its apparent size externally, because (1) the lower part 
of the space enclosed by the ribs is occupied by some of the abdominal viscera ; 
and (2) the thoracic cavity extends for a short distance into the neck above 
the anterior parts of the first ribs. During life the size of the thoracic cavity is 
constantly varying with the movements of the ribs and Diaphragm, and with 
the degree of distension of the abdominal viscera. 

The upper opening of the thorax. — The parts which pass through the 
upper opening of the thorax are, from before backwards in or near the middle 
line, the Sternohyoideus and Sternothyreoideus muscles, the remains of the 
thymus, the inferior thyreoid veins, the trachea, oesophagus, thoracic duct 
and the Longus colli muscles ; laterally the innominate veins, the innominate 
artery, the left common carotid and left subclavian arteries, the internal 
mammary arteries and the costocervical trunks, the vagus, cardiac, phrenic, 
and sympathetic nerves, the greater parts of the anterior divisions of the first 
thoracic nerves, and the left recurrent nerve. The apex of each lung, covered 
by the pleura, also projects through this aperture, a little above the level 
of the sternal end of the first rib. 

The lower opening of the thorax is wider transversely than from before 
backwards. It slopes obliquely downwards and backwards, so that the 
thoracic cavity is much deeper behind than in front. The Diaphragm (p. 464) 
closes the opening and forms the floor of the thorax. The floor is flatter 
at the centre than at the sides, and higher on the right side than on the 
left ; in the dead body the right side reaches the level of the upper border 
of the fifth costal cartilage, while the left extends only to the corresponding 
part of the sixth costal cartilage. From the highest point on either side the 
floor slopes suddenly downwards to the costal and vertebral attachments 
of the Diaphragm ; this slope is more marked behind than in front, so that 
only a narrow space is left between the Diaphragm and the posterior wall 
of the thorax. 

The Pericardium 

The pericardium (fig. 634) is a conical fibroserous sac which contains the 
heart and the roots of the great vessels. It is placed in the mediastinal cavity, 
behind the sternum and the cartilages of the third, fourth, fifth, sixth, and 
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seventh ribs of the left side, and in front of the thoracic vertebrae, from the fifth 
to the eighth inclusive. 

In front , it is separated from the anterior wall of the thorax, in the greater 
part of its extent, by the lungs and pleurae ; but a small area, usually corre- 
sponding with the left half of the lower part of the body of the sternum, and 
the sternal ends of the cartilages of the fourth and fifth ribs of the left side, 
is in direct relationship with the chest-wall. Until puberty or adolescence 


Tig. 634. — The posterior wall of the pericardial sac, showing the lines of reflection 
of the serous pericardium on to the great vessels. 


Right common carotid artery 
Right subclavian artery 


Left common carotid artery 

Lei l subcla vian artery 


Cut edges of serous 
'pericardium 


Superior vena cava 



Right pulmonary 
veins 


^rL eft p u l m on a ry v e i r: s 


the lower end o^ the thymus is in contact with the front of the upper part 
of the pericardium. Behind , the pericardium rests upon the bronchi, the 
oesophagus, the oesophageal plexus of nerves, the descending thoracic aorta, 
and the posterior part of the mediastinal surface of each lung. Laterally , it 
is covered by the pleurae, and is in relation with the mediastinal surfaces of 
the lungs ; the phrenic nerve, with its accompanying vessels, descends 
between the pericardium and the mediastinal pleura on either side. 

The structure of the pericardium. — Although the pericardium is usually 
described as a single sac, an examination of its structure shows that it consists 
essentially of two sacs intimately connected with one another, hut totally 
different in structure. The outer sac, known as the fibrous pericardium^ consists 
of fibrous tissue. The inner sac, or serous pericardium , is a delicate membrane 
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of the lateral lip of the linea aspera : this aponeurosis covers the upper three- 
fourths of the muscle, and from its deep surface many fibres take origin. A 
few additional fibres arise from the tendon of the Glutseus maximus, and 
from the lateral intermuscular septum between the Vastus lateralis and short 
head of the Biceps femoris. The fibres form a large fleshy mass, which is 
attached to a strong aponeurosis, placed on the deep surface of the lower part 
of the muscle : this aponeurosis contracts into a flat tendon which is inserted 
into the lateral border of the patella, blending with the Quadriceps femoris 
tendon, and giving an expansion to the capsule of the knee-joint. 

The Vastus medialis and Vastus intermedius appear to be inseparably 
united, but when the Rectus femoris has been reflected a narrow interval will 
be observed extending upwards from the medial border of the patella between 
the two muscles, and the separation may be carried to the lower part of the 
intertrochanteric line, where, however, the two muscles are frequently continuous. 

The Vastus medialis arises from the lower one-half of the intertrochanteric 
line, the medial lip of the linea aspera, the upper part of the medial supra- 
condylar ridge, the tendons of the Adductor longus and Adductor magnus, 
and the medial intermuscular septum. Its fibres are directed downwards 
and forwards, and are chiefly attached to an aponeurosis which lies on the 
deep surface of the muscle and is inserted into the medial border of the patella 
and the Quadriceps femoris tendon, an expansion being sent to the capsule 
of the knee-joint. 

The Vastus intermedius (Crureus) arises from the front and lateral surfaces 
of the upper two-thirds of the body of the femur, and from the loy^er part of 
the lateral intermuscular ..septum. Its fibres end in a superficial aponeurosis, 
which forms the deep part of the Quadriceps femoris tendon. 

The tendons of the different portions of the Quadriceps unite at the lower 
part of the thigh, to form a single strong tendon which is inserted into the 
base of the patella, some fibres passing over it to blend with the ligamentum 
patellae. More properly, the patella may be regarded as a sesamoid bone 
developed in the tendon of the Quadriceps ; and the ligamentum patellae, 
which is continued from the apex of the patella to the tuberosity of the tibia, 
as the proper tendon of insertion of the muscle, the medial and lateral patellar 
retinacula (p. 410) being expansions from its borders. A bursa, which usually 
communicates with the cavity of the knee-joint, is situated between the femur 
and the portion of the Quadriceps tendon above the patella ; another is 
interposed between the ligamentum patellae and the upper part of the front 
of the tibia (fig. 522). 

The Articularis genus (Subcrureus) is a small muscle, usually distinct 
from the Vastus intermedius, but occasionally blended with it ; it consists of 
several muscular bundles which arise from the anterior surface of the lower 
part of the body of the femur, and are inserted into the upper part of the 
synovial stratum of the articular capsule of the knee-joint. 

Nerve-supply. — The Quadriceps femoris and the Articularis genus are supplied 
by the second, third, and fourth lumbar nerves, through the femoral nerve. 

Actions. — The Quadriceps femoris extends -the leg upon the thigh. The Rectus 
femoris assists the Psoas major and Iliacus in supporting the pelvis and trunk upon 
the femur ; it also assists in flexing the thigh on the pelvis, or if the thigh be fixed 
it will flex the pelvis. The Vastus medialis draws the patella medialwards as well 
as upwards. The Articularis genus pulls upwards the synovial stratum of the 
articular capsule of the knee-joint during extension of the leg. 

Applied Anatomy. — A few fibres of the Rectus femoris are occasionally ruptured from 
severe strain. This accident is especially liable to occur during the games of football and 
cricket, and is sometimes known as c cricket thigh.’ The patient experiences a sudden 
pain in the part, as if he had been struck, and the Rectus stands out and is felt to be tense 
and rigid. The accident is often followed by considerable swelling from inflammatory 
effusion. The Quadriceps femoris may be torn away from its insertion into the patella. 
This accident is caused in the same manner as fracture of the patella by muscular action, 
viz. by a violent muscular effort to prevent falling while the knee is in a position of 
semiflexion. A distinct gap can be felt above the patella, and, owing to the retraction 
of the muscular fibres, union may fail to take place. The ligamentum patellae may be 
ruptured about 2*5 cm. above the tibia ; or the tuberosity of the tibia may be tom 
from the bone; the last condition is more likely to happen before the ossification of the 
tuberosity is completed, i.e. before the age of twenty years. 
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the level of the ninth or tenth rib, and extending laterally as far as the inferior angle of the 
scapula ; the underlying lung-tissue gives the physical signs of compression or collapse. 

Paracentesis, of the pericardium and withdrawal of the fluid wiiiiin It is sometimes 
necessary to relieve embarrassment of the heart’s action. The puncture may be made in 
the fifth or sixth left intercostal space near the sternum, with care to avoid wounding the 
internal mammary artery that usually runs 1 *25 cm. lateral to the sternal edge. Alter- 
natively the exploring needle may be entered at the left costoxiphoid angle, and passed 
upwards and backwards into the pericardial sac. Curschmann recommends pm-m-mtoh 
in or lateral to the left mammary line in the fifth or sixth left interspace, in vi-w or th.* 
fact that the fluid tends to collect on either side of and below the heart rather than in 
front of it. 

Periocardiotomv is required when the effusion, is of a purulent nature. In this opera- 
tion a portion of the fifth or sixth costal cartilage is excised. An incision is made along 
the left border of the sternum from the upper border of the fourth cartilage to the seventh. 
The fifth costal cartilage is now separated from the sternum and raised, the tissues beneath 
it being peeled off, so as to avoid wounding the internal mammary artery or the pleura. 
The fibres of the Transversus thoracis are then separated close to the sternum, and the 
pericardium felt for and opened, the finger guarding the pleura and left internal mammary 
artery. 

Cardiolysis, or the operation of opening the pericardial sac and dividing adhesions 
between its visceral and parietal layers, is one that appears to have much to recommend 
it on clinical grounds. In practice, however, it has rarely proved satisfactory, owing to 
the great toughness and extent of the adhesions when they are present, and the free haemor- 
rhage that occurs when they are divided. 


The Heart (Cor) 

The heart is a muscular bag of a somewhat conical form ; it lies between 
the lungs in the middle mediastinal cavity (fig. 635), and is enclosed in the 


Fig. 635. — The heart and lungs. Anterior aspect. 



pericardium. It is placed obliquely in the chest behind the body of the 
sternum and adjoining parts of the rib cartilages, and projects farther into 

n a ' .m ■■ 
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the left than into the right half of the thoracic cavity, so that about one-third 
of it is situated on the right and two-thirds on the left of the median plane. 

Size. — The heart of the adult measures about 12 cm. from base to apex, 
8 to 9 cm. transversely at the broadest part, and 6 cm. anteroposteriorly. Its 
weight, in the male, varies from 280 to 340 grammes ; in the female, from 230 
to 280 grammes. It continues to increase in weight and size up to an advanced 
period of life, and this increase is more marked in men than in women. 

Component parts. — As already stated (p. 567) the heart is divided into 
four chambers, viz. right and left atria, and right and left ventricles : the divi- 
sion is indicated on the surface of the heart by grooves or sulci. The atria 
are separated from the ventricles by the coronary sulcus (auriculo ventricular 
groove) ; this sulcus contains the trunks of the coronary vessels of the heart, 


Fig. 636.— A section through the heart, showing the ventricular" septum. 



and is deficient in front, where it is crossed by the root of the pulmonary artery. 
The interatrial groove , separating the two atria, is scarcely marked on the 
posterior surface, while anteriorly it is hidden by the pulmonary artery and 
aorta. The ventricles are separated by two grooves, one of which, the anterior 
longitudinal sulcus , is situated on the sternocostal surface of the heart, near 
its left margin, the other, the posterior longitudinal sulcus , on the diaphragmatic 
surface near the right margin ; these grooves extend from the base of the 
ventricular portion to a notch, the incisura apicis cordis , situated a little to 
the right of the apex of the heart. 

The base (fig. 637) is somewhat quadrilateral in form ; it looks upwards, 
backwards, and to the right, and is separated from the fifth, sixth, seventh, and 
eighth thoracic vertebrae by the pericardium, oesophagus, aorta, and thoracic 
duct. It is formed mainly by the left atrium, and, to a small extent, by the 
posterior part of the right atrium. It is in relation above with the bifurcation 
of the pulmonary artery, and is bounded below by the posterior part of the 
coronary sulcus, containing the coronary sinus. On the right it is limited by 
the sulcus terminalis of the right atrium, and on the left by the ligament of the 
left vena cava and the oblique vein of the left atrium. The four pulmonary 
veins, two on either side, open into the left atrium, whilst the superior vena 
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The fibres unite at an angle in the middle line of the muscle, in a tendinous 
raphe which expands into a broad aponeurosis on the anterior surface of the 
muscle, and into this the remaining fibres are inserted. The aponeurosis, 

gradually contracting, unites with the 
Fig. 611 — The right posterior crural tendon of the Soleus, and forms with it 
muscles. Superficial group. the tendo calcaneus.' 



Relations. — The fascia cruris separates the 
superficial surface of the muscle from the small 
saphenous vein, and the peronseal anastomotic, 
medial sural cutaneous, and sural nerves ; the 
common peronseal nerve crosses the lateral head 
of the muscle, lying partly under cover of Biceps 
femoris. The deep surface is in relation with 
the oblique popliteal ligament of the knee-joint, 
the Popliteus, Soleus, Plantaris, popliteal 
vessels, and tibial nerve. In front of the* 
tendon, of the medial head is a bursa, which, in 
some cases, communicates with the cavity of 
the knee-joint. The tendon of the lateral head 
sometimes contains a sesamoid fibrocartilage or 
bone, where it plays over the corresponding 
condyle ; and one is occasionally found in the 
tendon of the medial head. 

Nerve-supply. — The Gastrocnemius is 
supplied by the first and second sacral 
nerves, through the tibial nerve. 

Actions. — Acting from above the Gastroc- 
nemius extends the ankle-joint; acting from 
below it flexes the knee-joint. 

The Soleus (figs. 609, 611) is a broad 
flat muscle situated immediately in front 
of the Gastrocnemius. It arises by ten- 
dinous fibres from the back of the head, 
and from the upper one -fourth of the 
posterior surface of the body, of the fibula ; 
from the popliteal line and the middle 
one-third of the medial border of the tibia ; 
and from a fibrous band which stretches 
between these origins and arches over the 
popliteal vessels and tibial nerve. The 
muscular fibres end in a flat tendon which 
covers the posterior surface of the muscle, 
and, gradually . becoming thicker and 
narrower, joins with the tendon of the 
Gastrocnemius, and forms with it the tendo 
calcaneus. 

Relations. — Its superficial surface is in rela- 
tion with the Gastrocnemius and Plantaris ; its 
deep surface , with the Flexor digitorum longus, 
Flexor hallucis longus, Tibialis posterior, and 
posterior tibial vessels and nerve, from all of 
which it is separated by the deep transverse 
fascia of the leg. 

Nerve-supply.— The Soleus is supplied by 
the first and second sacral nerves through the 
tibial nerve. 


Actions. — The Soleus is an extensor of the ankle-joint ; in standing, the 
Soleus, taking its fixed point from below, steadies the leg on the foot. 

The Gastrocnemius and Soleus together form a muscular mass which is 
occasionally described as the Triceps surce ; its tendon of insertion is the tendo 
calcaneus. 


The tendo calcaneus (tendo Achillis) (fig. 611), the common tendon of 
the Gastrocnemius and Soleus, is the thickest and strongest in the body. It is 



580 


ANGIOLOGY 


The diaphragmatic surface (fig. 637), directed downwards and slightly 
backwards, is formed by the ventricles (chiefly by the left ventricle), and rests 
upon the central tendon and a small part of the left muscular portion of the 
Diaphragm. It is separated from the base by the posterior part of the coronary 
sulcus, and is traversed obliquely by the posterior longitudinal sulcus. 

The right margin of the heart, formed by the right atrium, is rounded and 
almost vertical ; it is situated behind the third, fourth, and fifth right costal 
cartilages 1*25 cm. from the margin of the sternum. 

The inferior or acute margin , formed almost entirely by the right ventricle, 
is nearly horizontal, and extends from the sternal end of the sixth right costal 
cartilage to the apex of the heart. 


Fio. 638. — The sternocostal surface of the heart. 



The left or obtuse margin is full and rounded ; it is formed mainly by the 
left ventricle, but to a slight extent, above, by the left auricula. It extends 
from a point in the second left intercostal space, about 2 cm. from, the sternal 
margin, obliquely downwards, with a convexity to the left, to the apex of 
the heart. 

The atrial septum. — A partition, named the atrial septum (figs. 639, 642) 
intervenes between the right and left atria, and is so obliquely placed that the 
right atrium lies in front and to the right of the left atrium. 

The ventricular septum. — The right ventricle is separated from the left 
by the ventricular septum (figs. 636, 642), which slopes obliquely from before 
backwards and towards the right, and is curved with the convexity towards 
the right ventricle: its margins correspond with the anterior and posterior 
longitudinal sulci on the surface of the heart. The greater portion of the 
septum is thick and muscular, and constitutes the muscular ventricular septum ; 
but its upper and posterior part, which separates the aortic vestibule from 
the lower part of the right atrium and upper part of the right ventricle, is 
thin and fibrous, and is termed the membranous ventricular septum . A 
communication may exist between the ventricles at this part, owing to 
defective development of the membranous septum. 

The right atrium (figs. 639, 642) consists of two parts : a principal cavity, 
or sinus venarum, situated posteriorly, and an anterior, smaller portion, the 
auricula. 
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The sinus venarum is the large quadrangular part placed between the 
two venae eavse. Its walls, which are extremely thin, are connected below 
with the right ventricle, and medially with the left atrium. 

The auricula is a small, conical, muscular pouch, the margins of which 
present a dentated edge. It projects from the upper and front part of the 
sinus venarum forwards and towards the left side, overlapping the root of the 
aorta (fig. 638). 

The separation of the. auricula from the sinus venarum is indicated, on 
the outer surface of the atrium, by a groove, the sulcus terminalis , which extends 
from the front of the superior vena cava to the front of the inferior vena cava, 
and represents the line of union of the sinus venosus of the embryo with the 


Fig. 639. — The interior of the right side of the heart. 
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primitive. atrium. On the inner surface of the atrium the separation is marked 
by a. vertical, smooth, muscular ridge, the crista terminalis. Behind the crista 
terminalis the internal surface of the atrium is smooth, while in front of it the 
muscular fibres of the wall are raised into parallel ridges resembling the teeth 
of a comb, and hence named the musculi pectinati. 

The interior of the right atrium (fig. 639) presents the following parts for 
examination : 


Orifices J 


r Superior vena cava. 

Inferior vena cava. 

Coronary sinus. Valves f^alve ^he i n f er i° r vena cava. 

Foramina venarum 1 \ Valve of the coronary sinus. 

minimarum. 

.Right atrioventricular. 

Fossa ovalis. 

Limbus fossae ovalis. 

Intervenous tubercle. 

Musculi pectinati. 

Crista terminalis. 


The superior vena cava (fig. 638) returns the blood from the upper half of 
the body, and opens into the upper and posterior part of the atrium. Its orifice 
is directed downwards and forwards, and has no valve. 
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The inferior vena cava (fig. 639), larger than the superior, returns the blood 
from the lower half of the body, and opens into the lowest part of the atrium 
near the atrial septum ; its orifice, directed upwards and backwards, is guarded 
by a rudimentary valve, the valve of the inferior vena cava (valve of Eustachius). 
The blood entering the atrium through the superior vena cava is directed 
downwards and forwards towards the atrioventricular orifice, whilst that 
entering through the inferior vena cava is directed upwards and backwards 
towards the atrial septum. This is the normal direction of the two currents 
in foetal life. 

The coronary sinus (fig. 637) returns the greater part of the blood from the 
substance of the heart. Its opening is placed between the orifice of the inferior 
vena cava and the atrioventricular opening, and is protected by a thin semi- 
circular valve, the valve of the coronary sinus (valve of Thebesius). 

The foramina venarum minimarum are the orifices of minute veins (venae 
cordis minimce), which return a small quantity of blood directly from the 
substance of the heart. 

The right atrioventricular orifice is the large opening between the right 
atrium and ventricle ; it is described with the right ventricle (p. 583). 

The valve of the inferior vena cava is situated in front of the orifice of the 
inferior vena cava. It is semilunar in form, its convex margin being attached 
to the anterior margin of the orifice ; its concave margin, which is free, ends 
in two cornua, of which the left is continuous with the anterior edge of the 
limbus fossae ovalis, while the right is lost on the wall of the atrium. The 
valve is formed by a duplicature of the lining membrane of the atrium, con- 
taining a few muscular fibres. During foetal life this valve is of large size, and 
serves to direct the blood from the inferior vena cava into the left atrium, 
through an opening, named the foramen ovale, in the atrial septum. It 
occasionally persists in the adult, and may assist in preventing the reflux of 
blood into the inferior vena cava ; it may present a cribriform or filamentous 
appearance ; sometimes it is absent. 

The valve of the coronary sinus (fig. 639) is a semicircular fold of the lining 
membrane of the atrium, at the orifice of the coronary sinus. It prevents 
the regurgitation of blood into the sinus during the contraction of the atrium. 
This valve may be double or it may be cribriform. 

The fossa ovalis (fig. 639) is an oval depression on the lower part of the 
septal wall of the atrium, above and to the left of the orifice of the inferior 

vena cava. It corresponds 

Fig. 640. — A transverse section through the ventricles of *^6 situation of the 
the heart. foramen ovale in the 

foetus. 



, Right ventricle 


Muscular ventricular septum 


The limbus fossae ovalis 
(annulus ovalis) (fig. 639) 
is the prominent margin 
of the fossa ovalis. It is 
most distinct above and 
at the sides of the fossa ; 
below, it is deficient. A 
small slit-like valvular 
opening is occasionally 
found, at the upper mar- 
gin of the fossa, leading 
upwards, beneath the 
limbus, into the left 
atrium ; it is the remains 
of the foramen ovale 
between the two atria. 

The intervenous tubercle 
(tubercle of Lower) is a 


Left ventricle small projection on the 

posterior wall of the 

atrium, above the fossa ovalis. It is distinct in the hearts of quadrupeds, but 
in man is scarcely visible. During foetal life it may direct the blood from the 
superior vena cava towards the atrioventricular opening. 
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The crista terminalis and the musculi pectinati have been described (p. 581). 
The right ventricle (figs. 639, 640, 642) extends from the right atrium to 
near the apex of the heart. Its anterosuperior surface is convex, and forms 
a large part of the sterno- 

costal surface of the heart. p IG . 641. -The heart. Superior aspect. 

Its interior surface is flat- 


tened, rests upon the 
Diaphragm, and forms a 
small part of the dia- 
phragmatic surface of the 
heart. Its posterior wall 
is formed by the ventri- 
cular septum, which bulges 
into the right ventricle, so 
that a transverse section 
of the cavity presents a 
crescentic outline (fig. 640). 
Its upper left angle forms 
a conical pouch, the conus 
arteriosus , from which the 
pulmonary artery arises. 
A tendinous band, the 
tendon of the conus arterio- 
sus , connects the posterior 
surface of the conus 
arteriosus to the aorta; 
this tendon is continuous 
with the membranous 



ventricular septum. The 

wall of the right ventricle is thinner than that of the left, the proportion 
between them being as 1 to 3 ; it is thickest at the base, and gradually 
becomes thinner towards the apex of the ventricle. The cavity of the right 
ventricle is capable of holding about 85 c.c. of blood. 

The interior of the right ventricle (fig. 639) presents the following parts 
for examination : 


^ -n (Right atrioventricular. 
Ori fices \Pulm 0 n ar y artery. 
Trabeculae cameae. 


Valves - 


f Tricuspid. 
(Pulmonary. 


Chordae tendineae. 


The right atrioventricular orifice is the large oval aperture between the right 
atrium and ventricle. Situated at the base of the ventricle, it measures about 
4 cm. in diameter and is encircled by a fibrous ring, covered with the lining 
membrane of the heart ; it is considerably larger than the left atrioventricular 
orifice, being sufficient to admit the tips of four fingers. It is guarded by the 
tricuspid valve. 

The orifice of the pulmonary artery is circular in form, and situated at the 
summit of the conus arteriosus, close to the ventricular septum. It is placed 
above and to the left of the atrioventricular opening, and is guarded by the 
pulmonary semilunar valves. 

The tricuspid valve (figs. 639, 643) guards the right atrioventricular orifice, 
and consists of three somewhat triangular cusps or segments, anterior , posterior 
and medial ; in the angles between the cusps small intermediate segments are 
sometimes seen. The anterior cusp, the largest, is interposed between the 
atrioventricular orifice and the conus arteriosus, while the medial cusp is in 
relation with the ventricular septum. Each cusp is formed by a duplicature of 
the lining membrane of the heart, strengthened by intervening layers of fibrous 
tissue. The central parts of the cusps are comparatively thick and strong, 
their marginal portions thin and translucent. Their bases are attached to the 
fibrous ring surrounding the atrioventricular orifice and are also j oined to 
each other so as to form a continuous annular membrane, while their apices 
project into the ventricular cavity. Their atrial surfaces, directed towards 
the blood-current from the atrium, are smooth ; their ventricular surfaces, 
directed towards the wall of the ventricle, are rough and irregular and, together 
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with the apices and margins of the cusps, give attachment to a number of 
delicate tendinous cords, the chordce tendinece. 

The trabecula carnece are round or irregular muscular columns which project 
from the whole of the inner surface of the ventricle, with the exception of 
the conus arteriosus, the wall of which is smooth. They are of three kinds : 
some are mere ridges, others are fixed at their ends but free in the middle, 
while a third set ( musculi papillares) are continuous by their bases with the 
wall of the ventricle, while their apices project into the cavity, and give origin 
to the chordse tendinese which pass to be attached to the segments of the 


Fig. 642. — A transverse section through the mediastinal cavity at the level of the 
body of the seventh thoracic vertebra. 
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tricuspid valve. There are two papillary muscles, anterior and posterior ; 
the anterior is the larger, and its chordae tendinese are connected with the 
anterior and posterior cusps of the valve ; the posterior papillary muscle 
sometimes consists of two or three parts, and its chordae tendiileae are connected 
with the posterior and medial cusps. Some chordae tendinese also spring 
directly from the ventricular septum, or from small papillary eminences on 
it, and pass to the anterior and medial cusps. A muscular band, well marked 
in sheep and some other animals, frequently extends from the base of the 
anterior papillary muscle to the ventricular septum. From its attachments 
it may assist in preventing over- distension of the ventricle, and so has been 
named the moderator hand. 

The pulmonary semilunar valves (figs. 639, 641) are three in number, two in 
front and one behind, and are formed by duplicatures of the lining membrane, 
strengthened by fibrous tissue. They are attached, by their convex margins, 
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to the wall of the pulmonary artery at its junction with the ventricle, their 
free borders being directed upwards into the lumen of the vessel. The free 
and attached margins are strengthened by tendinous fibres, and at the middle 
of the free margin there is a thickened nodule {corpus Arantii). Erom this 
nodule tendinous fibres radiate through the valve to its attached margin, 
but are absent from two narrow crescentic portions, the lunulce, placed 
one on either side of the 


Fig. 643. — The bases of the ventricles, exposed 
by removal of the atria. 



nodule immediately adjoining 
the free margin (fig. 644). 

Opposite to the semilunar 
valves the pulmonary artery 
presents three slight dilata- 
tions or sinuses (sinuses of 
Valsalva). 

The left atrium is rather 
smaller than the right, but its 
walls are thicker, measuring 
about 3 mm. ; it consists, like 
the right, of two parts, a prin- 
cipal cavity and an auricula . 

The principal cavity is 
cuboidal in form, and con- 
cealed, in front, by the pul- 
monary artery and aorta. It 
is separated from the right 
atrium by the atrial septum, 
and opening into it on either 
side are the two pulmonary 
veins. 

The auricula is somewhat constricted at its junction with the principal 
cavity ; it is longer, narrower, and more curved than that of the right atrium, 
and its margins are more deeply indented. It is directed forwards on the left 
side of the pulmonary artery, and overlaps the root of this vessel. 

The interior of the left atrium (fig. 645) presents the following parts for 
examination : 

Orifices of the four pulmonary veins. 

Left atrioventricular orifice. 

Foramina venarum minimarum. 

Musculi pectinati. 

The pulmonary veins , four in number, open into the upper part of the 
posterior surface of the left atrium — two on either side of its middle line ; their 
orifices are not provided -with valves. The two left veins frequently end by 
a common opening. 

The left atrioventricular orifice is the aperture between the left atrium and 
ventricle ; it is described on p. 586. 

The foramina venarum minimarum are the orifices of minute veins (venae 
cordis minimae) which return a small quantity of blood directly from the muscular 
substance of the heart. 

The musculi pectinati , fewer and smaller than those in the right atrium, 
are confined to the inner surface of the auricula. 

On the atrial septum may be seen a lunate impression, bounded below by 
a crescentic ridge, the concavity of which is directed upwards. The depression 
is just above the fossa ovalis of the right atrium. 

The left ventricle is longer and more conical in shape than the right, and 
on transverse section its cavity presents an oval or nearly circular outline 
(fig. 640). It forms a small part of the sternocostal, and a considerable part 
of the diaphragmatic, surface of the heart ; it also forms the apex of the heart. 
Its walls are about three times as thick as those of the right ventricle. 

Its interior (fig. 645) presents the following parts for examination : 


(Left atrioventricular. 


Trabeculae carnese. 


Valves/® ic ™P idormitraU 

(Aortic. 

Chordae tendinese. 
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The left atrioventricular orifice is placed below and to the left of the aortic 
orifice. It is a little smaller than the right atrioventricular orifice, admitting 
the tips of only three fingers. It is surrounded by a dense fibrous ring and 
is guarded by the bicuspid or mitral valve. 

The aortic orifice is a circular aperture in front and to the right of the 
atrioventricular orifice, from which it is separated by the anterior cusp of the 
bicuspid valve. Its orifice is guarded by the aortic semilunar valves. The 
portion of the ventricle immediately below the aortic orifice is termed the aortic 
vestibule , and possesses fibrous instead of muscular walls. 


Fig. 644. — A transverse section through the mediastinal cavity at the level of the 
lower part of the body of the sixth thoracic vertebra. 
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The bicuspid or mitral valve (figs. 643, 645) is attached to the fibrous ring 
which encircles the left atrioventricular orifice in the same way . as the 
tricuspid valve is attached around the right atrioventricular orifice. It consists 
of two triangular cusps, formed by duplicatures of the lining membrane, 
strengthened by fibrous tissue, and containing a few muscular fibres. The 
cusps are of unequal size, and are larger, thicker, and stronger than those of 
the tricuspid valve. ' The larger cusp is placed in front and to the right between 
the atrioventricular and aortic orifices, and is known as the anterior or aortic 
cusp ; the smaller or posterior cusp is placed behind and to the left of the 
opening. Two small cusps are usually found in the angles between the 
larger cusps. The cusps of the bicuspid valve are furnished with chordae 
iendinese, which are attached in a manner similar to those on the right side of 
the heart; they are, however, thicker, stronger, and less numerous. 

The aortic semilunar valves (figs. 643, 646) are three in number, and surround 
the orifice of the aorta ; two are posterior (right and left), and one anterior. 
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They are similar in structure, and in their mode of attachment, to the 
pulmonary semilunar valves, but are larger, thicker, and stronger ; the lunulae 
are more distinct, and the noduli or corpora Arantii thicker and more pro- 
minent. Opposite the valves the aorta presents slight dilatations, the aortic 
sinuses (sinuses of Valsalva), which are larger than those at the origin of the 
pulmonary artery. 

The trabeculae carnece are of three kinds, like those in the right ventricle, but 
they are more numerous, and present a dense interlacement, especially at the 
apex, and upon the posterior wall, of the ventricle. The musculi papillares 
are two in number, one springing from the anterior, the other from the posterior 
wall; they are of large size, and end in rounded extremities from which the 
chordae tendineae arise. Chordae tendineae from each papillary muscle are 
connected to both cusps of the bicuspid valve. 


Fig. 645. — The interior of the left side of the heart. 



Structure. — The heart consists of muscular fibres ( myocardium ), and of fibrous 
rings which partly serve for their attachment. It is covered with the visceral 
layer of the serous pericardium (ejpicardium), and lined with the endocardium. 

The endocardium is a thin, smooth, glistening^ membrane which lines the 
chambers of the heart, and is continuous with the lining membrane of the large 
blood-vessels ; by its reduplications it assists in forming the valves. It consists 
of a layer of endothelial cells placed on a stratum of connective tissue and elastic 
fibres 

The fibrous rings surround the atrioventricular and arterial orifices, and are 
stronger on the left than on the right side of the heart. The atrioventricular rings 
serve for the attachment of the muscular fibres of the atria and ventricles, and 
for the attachment of the bicuspid and tricuspid valves. The left atrioventricular 
ring is closely connected, by its anterior margin, with the aortic arterial ring ; 
between these and the right atrioventricular ring is a triangular mass of fibrous 
tissue, the trigonum fibrosum, which represents the os cordis of some of the larger 
animals, as the ox and elephant. Tbexe is also the tendon of the conus arteriosus, 

already referred to (p. 583). , 

The fibrous rings surrounding the arterial orifices serve for the attachment ol 
the great vessels and the semilunar valves. Each ring receives, by its ventricular 
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margin, the attachment of some of the muscular fibres of the ventricles ; its opposite 
margin presents three deep semicircular notches, to which the middle coat of the 
artery is firmly fixed. The attachment of an artery to its fibrous ring is strengthened 
by the external coat of the artery and the epicardium externally, and by the 
endocardium internally. From the margins of the semicircular notches, the fibrous 

structure of the ring is 
continued into the seg- 
ments of the valves. The 
middle coat of the artery 
in this situation is thin, 
and the vessel is dilated 
to form the sinuses of 
the aorta and pulmonary 
artery. 

The muscular structure 
of the heart consists of 
fibres, which are trans- 
versely and longitudinally 
striated (p. 33), and pre- 
sent an exceedingly intri- 
cate interlacement. They 
comprise (a) the fibres of 
the atria, ( 6 ) the fibres 
of the ventricles, and 
(c) the atrioventricular 
bundle. 

The fibres of the atria are arranged in two layers— a superficial, common to both 
atria, and a deep, proper to each. The superficial fibres are most distinct on the 
front of the atria, across the bases of which they run in a transverse direction, 
forming a thin and incomplete layer ; some of them pass into the atrial septum. 
The deep fibres consist of looped and annular fibres. The looped fibres pass upwards 
over each atrium, and are attached by their extremities to the corresponding 
atrioventricular ring, in front and behind ; the annular fibres surround the auriculae, 
and form annular bands around the terminations of the veins and around the 

fossa ovalis. _ 

The fibres of the ventricles are arranged m a complex manner, and various accounts 
have been given of their course and connexions ; the following description is based 
on that given by MacCallum.* 

They consist of superficial and p IG 34 ^ — pi ie ^ wo vor ti ces at the apex of the heart, 
deep layers, all of which, with 
the exception of two, are 
inserted into the. papillary 
muscles of the ventricles. The 
superficial layers comprise the 
following : (a) Fibres which 
spring from the tendon of the 
conus arteriosus (p. 583) and 
sweep downwards and towards 
the left across the anterior 
longitudinal sulcus and around 
the apex of the heart, where 
they form a vortex (fig. 647) 
and pass upwards and inwards 
to terminate in the papillary 
muscles of the left ventricle ; 
those arising from the upper 
half of the tendon of the conus 

arteriosus pass to the anterior . 

papillary muscle, those from the lower half to the posterior papillary muscle and the 
papillary muscles of the septum (fig. 648). ( b ) Fibres which arise from the right atrio- 
ventricular ring and rim diagonally across the diaphragmatic surface of the ngbt 
ventricle aud round its right border on to its sternocostal surface, where they dip 
* John Bruce MacCallum, Johns Hopkins Hospital Reports , vol. ix. 


(Mall.) 

Vortex at apex of left ventricle 



Fig. 646. — The aorta laid open to show the semilunar 
valves. 
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beneath the fibres just described, and, crossing the anterior longitudinal sulcus, 
wind around the apex of the heart and end in the posterior papillary muscle of 
the left ventricle, (c) Fibres which spring from the lc-.fr atrioventricular ring, 


Fig. 648. — A diagram of the superficial muscular 
fibres of the ventricles of the heart originating 
in the tendon of the conus arteriosus. (After 
MacCallum.) 


and, crossing the posterior longi- 
tudinal sulcus, pass successively 
into the right ventricle and end 
in its papillary muscles. The 
deep layers are three in number ; 
they arise in the papillary muscles 
of one ventricle and, curving in 
an S-shaped manner, turn in at 
the longitudinal sulcus and end 
in the papillary muscles of the 
other ventricle (fig. 649). The 
layer which is most superficial in 
the right ventricle lies next the 
lumen of the left, and vice versa. 

Those of the first layer almost 
encircle the right ventricle, and, 
crossing in the septum to the left 
ventricle, unite with the super- 
ficial fibres from the right atrio- 
ventricular ring to form the 
posterior papillary muscle. Those 
of the second layer have a less 
extensive course in the wall of 
the right ventricle, and a corre- 
spondingly greater course in the 
left, where they join with the 
superficial fibres from the anterior half of the tendon of the conus arteriosus to 
form the papillary muscles of the septum. Those of the third layer pass almost 
entirely round the left ventricle and unite with the superficial fibres from the 
lower half of the tendon of the conus arteriosus to form the anterior papillary 

muscle. Besides the layers just des- 



Fig. 649. — A diagram of the course of the 
deepest layer of muscular fibres of the 
left ventricle. (After MacCallum.) 


cribed there are two bands which do 
not end in papillary muscles. One 
springs from the right atrioventricular 
ring, crosses in the atrioventricular sep- 
tum, encircles the deep layers of the 
left ventricle, and ends in the left atrio- 
ventricular ring. The second band is 
apparently confined to the left ventricle ; 
it is attached to the left atrioventricular 
ring, and encircles the portion of the 
ventricle adjacent to the aortic orifice.* 
The atrioventricular bundle (fig. 650) 
is a direct muscular connexion between 
the atria and the ventricles. It arises 
in association with two small collections 
of spindle-shaped cells, the sino-atrial 
and atrioventricular nodes. The sino- 
atrial node is situated on the right border 
of the opening of the superior vena 
cava in the upper part of the sulcus 
terminalis ; from it strands of fusiform 
fibres run under the endocardium of the 
wall of the right atrium to the atrioven- 
tricular node which lies near the orifice 
of the coronary sinus in the annular and septal fibres of the right atrium. From 
the atrioventricular node the atrioventricular bundle passes forwards below the 
membranous septum, and divides into right and left fasciculi. These run down in 

* Franklin P. Mall gives an account of his researches c On the muscular architecture of the 
ventricles of the human heart 5 in the American Journal of Anatomy , vols. 11 and 13. 
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the right and left ventricles, one on either side of the ventricular septum, covered 
with endocardium. The right fasciculus passes into the moderator band, and 
breaks up into numerous strands which end in an intricate network on the papillary 
muscles and on the wall of the right ventricle. The left fasciculus consists of two 
main strands, an anterior and a posterior, which are distributed to the papillary 
muscles and the wall of the left ventricle. The atrioventricular bundle and its 
divisions are enveloped in a sheath of connective tissue; by injecting this sheath 
with Indian ink the ramifications of the bundle can be demonstrated. The nodes 
and greater portion of the bundle consists of narrow, somewhat fusiform fibres, but 
the terminal strands of the bundle are composed of Purkinje fibres. 


Pig. 650. — A schematic representation of the atrioventricular bundle. The 
course of the bundle is represented in red. 



Kent has described a second atrioventricular bundle in the right lateral aspect 
of the heart, containing cardiac muscle-fibres, fine nerve-fibres, and fibres resembling 
those of Purkinje. This bundle is connected with a node in the wall of the right 
atrium, formed of fine, faintly striated muscle-fibres. 

A. Morison 514 has shown that in the sheep and pig the atrioventricular bundle 
* is a great avenue for the transmission of nerves from the auricular to the 
ventricular heart J ; large and numerous nerve-trunks enter the bundle and course 
with it. Branches arise from these nerve-trunks and form plexuses around groups 
of Purkinje cells, and from these plexuses fine fibrils go to innervate individual cells. 

The sino -atrial and atrioventricular nodes, the atrioventricular bundle and its right 
fasciculus, are supplied by the right coronary artery; the left fasciculus of the bundle is 
supplied by both coronary arteries. 

* Journal of Anatomy and Physiology, vol. xlvi. 



THE CARDIAC CYCLE 


591 


A pplied Anatomy. Clinical and. experimental evidence go to prove that this bundle 
conveys the impulse to systolic contraction from the atrial septum to the ventricles, and 
much attention has been paid to it, because it appears to become fibrosed and to lose much 
of its conducting ‘power (heart-block) in many cases of Adams-Stokes’ svndrome. This 
condition is characterised by a slow pulse, a tendency to syncopal or epileptiform seizures, 
and the fact that while the cardiac atria beat at a normal rate, the ventricles contract 
much less frequently. 

Vessels and Nerves. — The arteries supplying the heart are the right and left 
coronary branches of the aorta (p. 598) ; the majority of the 'veins are drained by 
the coronary sinus into the right atrium. 

The lymphatic vessels are described on p. 778. 

The nerves are derived from the cardiac plexus (p. 978). which is formed by 
branches from the vagi and sympathetic. They are freely distributed both on the 
surface and in the substance of the heart, the separate nerve-filaments being furnished 
with small ganglia. The atrioventricular bundle receives nerve-fibres from ganglia 
in the atrial septum. Other ganglia are found in relation with the sino-atrial 
node, and supply it with nerve-filaments. 

The cardiac cycle and the actions of the valves. — By the contractions of the 
heart the blood is pumped through the arteries to all parts of the body. These 
contractions occur regularly and at the rate of about seventy per minute. Each 
wave of contraction or period of activity is followed by a period of rest , the two 
periods constituting what is known as a cardiac cycle. 

Each cardiac cycle consists of three phases, which succeed each other as follows : 
(1) a short simultaneous contraction of both atria, termed the atrial systole, followed, 
after a slight pause, by (2) a simultaneous, but more prolonged, contraction of 
both ventricles, named the ventricular systole, and (3) a period of rest, during which 
the whole heart is relaxed. The atrial contraction commences around the venous 
openings, and sweeping over the atria forces their contents through the atrio- 
ventricular openings into the ventricles, regurgitation into the veins being prevented 
by the contraction of their muscular coats. When the ventricles contract, the 
tricuspid and bicuspid valves are closed, and prevent the passage of the blood 
back into the atria ; the musculi papillares at the same time are shortened, and, 
pulling on the chordae tendineae, prevent the inversion of the valves into the atria. 
As soon as the pressure in the ventricles exceeds that in the pulmonary artery 
and aorta, the valves guarding the orifices of these vessels are opened, and the 
blood is driven from the right ventricle into the pulmonary artery, and from the left 
into the aorta. The moment the systole of the ventricles ceases, the pressure 
of the blood in the pulmonary artery and aorta closes the pulmonary and aortic 
semilunar valves, thus preventing regurgitation of blood into , the ventricles, and 
the valves remain shut until re-opened by the next ventricular systole. During 
the period of rest the tension of the tricuspid and bicuspid valves is relaxed, and 
blood flows from the veins through the atria into the ventricles. The filling of 
the ventricles is completed by the systole of the atria. The average duration 
of a cardiac cycle is about of a second, made up as follows : 

Atrial systole, T V Atrial diastole, 

Yentricular systole, T 3 ^. Ventricular diastole, T %. 

Total systole, T 4 y. Complete diastole, y 4 ^-. 

The rhythmical action of the heart is muscular in origin — that is to say, the 
heart-muscle possesses the inherent property of contraction apart from any 
nervous stimulation. The more embryonic the muscle the better is it able to 
initiate the contraction wave, and the normal systole of the heart starts at the 
sino-atrial node, where the muscle is most embryonic in nature : for this reason 
the sino-atrial node has been called the “ pace-maker ” of the heart. A slight 
pause, occurs between systole of the atria and that of the ventricles. This is due 
to the fact that the contraction of the ventricles is excited by an impulse conveyed 
by the atrioventricular bundle, conduction along the fibres of which is relatively 
slow. The nerves, although not concerned in originating the contractions of the 
heart-muscle, play an important role in regulating their force and frequency in 
order to subserve the physiological needs of the organism. 

Applied Anatomy .— Wounds of the heart are often immediately fatal, but not neces- 
sarily so. They may be non-penetrating, when death may occur from haemorrhage if one 
of the coronary vessels has been wounded, or subsequently from pericarditis. Even a 
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penetrating wound is not necessarily fatal, as many cases have been recorded in which 
the wound has been sutured successfully. When blood is effused into the pericardial sac 
it presses especially on the thin- walled atria, and so interferes with the circulation through 
the heart. 


The Chief Peculiarities in the Vascular System of the Foetus 

The development of the heart and vascular system is described on pp. 109 
to 132. 

The chief peculiarities of the foetal heart are the communication between 
the atria through the foramen ovale, and the large size of the valve of the 
inferior vena cava. The following points may also be noted : (1) In early 
foetal life the heart lies immediately below the mandibular arch, and as develop- 
ment proceeds it is gradually drawn within the thorax. (2) For a time the 
atrial portion exceeds the ventricular in size, and the walls of the ventricles 
are of equal thickness, since each ventricle bears the pressure of the systemic 
circulation. Towards the end of foetal life the ventricular portion becomes the 
larger, and the wall of the left ventricle exceeds that of the right in thickness, 
thus becoming adapted to bear the pressure of the whole systemic circulation. 
(3) Its size is large as compared with that of the rest of the body, the proportion 
at the second month of foetal life being 1 to 50 ; at birth 1 to 120; in the 
adult about 1 to 160. 

The foramen ovale is an opening between the atria until the end of foetal 
life ; it is obliterated shortly after birth (p. 115). 

The valve of the inferior vena cava directs the blood from the inferior vena 
cava through the foramen ovale into the left atrium. 

The chief peculiarities in the arterial system of the foetus are (1) the com* 
munication between the pulmonary artery and the aorta by means of the 
ductus arteriosus, and (2) the continuation of the hypogastric arteries as 
the umbilical arteries to the placenta. 

The ductus arteriosus is a short tube, about 1 cm. in length at birth, and 
of the diameter of a goose-quill. In early foetal life it forms the continuation 
of the pulmonary artery, and opens into the aorta, just beyond the origin of 
the left subclavian artery ; and so conducts a great part of the blood 
from the right ventricle into the aorta. When the branches of the pulmonary 
artery have become larger relatively to the ductus arteriosus, the latter is 
chiefly connected to the left pulmonary artery. It is obliterated within a few 
days after birth. 

In the foetus the hypogastric arteries are continued along the sides of the 
urinary bladder, thence upwards on the back of the anterior abdominal wall 
to the umbilicus, through which they pass out of the abdomen and run, under 
the name of the umbilical arteries , in the umbilical cord to the placenta. 
They convey blood from the foetus to the placenta. 

The chief peculiarities in the venous system of the foetus are the com- 
munications established between the placenta and the liver and portal vein, 
through the umbilical vein ; and between the umbilical vein and the inferior 
vena cava through the ductus venosus. 


The Fcetal Circulation (fig. 651) 

The foetal blood is carried to the placenta by the umbilical arteries, 
and returned from the placenta to the foetus by the two umbilical veins. 
These veins unite in the umbilical cord to form a single vein (vena 
umbilicalis impar) which divides within the embryo into a right and a left 
umbilical vein. After the formation of the liver the right umbilical vein 
atrophies and disappears, but the left persists until the end of foetal life. It 
enters the abdomen at the umbilicus, and passes along the free margin of the 
falciform ligament of the liver, to the visceral surface of that organ, where it 
gives off two or three branches, one of large size to the left lobe, and others to 
the lobus quadratus and lobus caudatus. At the porta hepatis (transverse 
fissure of the liver) it divides into two branches; of these, the larger is joined 
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by the portal vein, and enters the right lobe ; the smaller is continued upwards 
under the name of the ductus venosus, and joins the inferior vena cava. The 
blood conveyed by the left umbilical vein passes to the inferior vena cava in 

Fig. 651. — A plan of the foetal circulation. 


A 



In this plan the arrows represent the course which the blood takes in the heart and vessels. 


three different ways. Some enters the liver directly and is carried to the 
inferior vena cava by the hepatic veins ; a considerable quantity circulates 
through the liver with the portal venous blood, before entering the inferior 
vena cava by the hepatic veins ; the remainder passes directly into the inferior 
vena cava through the ductus venosus. 

In the inferior vena cava, the blood carried by the ductus venosus and 
hepatic veins mixes with that returning from the lower extremities and 
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abdominal wall. It enters the right atrium, and, guided by the valve of the 
inferior vena cava, passes through the foramen ovale into the left atrium, where 
it mingles with a small quantity of blood returned from the lungs by the 
pulmonary veins. From the left atrium it passes into the left ventricle, and 
from that cavity into the aorta, by means of which it is distributed almost 
entirely to the head and upper extremities, a small quantity being probably 
carried into the descending aorta. The blood from the head and upper extre- 
mities is returned by the superior vena cava to the right atrium, where it mixes 
with a small portion of that returned by the inferior vena cava. From the 
right atrium the blood passes into the right ventricle, and thence into the 
pulmonary artery. The lungs of the foetus being inactive, only a small quantity 
of the blood conveyed by the pulmonary artery is distributed to them by the 
right and left pulmonary arteries, and returned by the pulmonary veins to 
the left atrium : the greater part passes through the ductus arteriosus into 
the aorta, where it mixes with the small quantity of blood transmitted by the 
left ventricle into this part of the aorta. It descends through the aorta and 
is in part distributed to the lower extremities and the viscera of the abdomen 
and pelvis, but most of it is conveyed by the umbilical arteries to the placenta. 

From the preceding account of the circulation of the blood in the foetus 
the following facts will be inferred : 1. The placenta serves the purposes of 
nutrition and excretion, receiving the injure blood from the foetus, and return- 
ing it purified and charged with nutritive material. 2. A large part of the 
blood of the left umbilical vein traverses the liver before entering the inferior 
vena cava ; this is correlated with the relatively large size of the liver, 
especially at an early period of foetal life. 3. The right atrium is the point of 
meeting of a double current, the blood from the inferior vena cava being guided 
by the valve of this vessel through the foramen ovale into the left atrium, 
while that in the superior vena cava descends into the right ventricle. At an 
early period of foetal life it is highty probable that the two streams are quite 
distinct, for the inferior vena cava opens almost directly into the left atrium, 
and the valve of the inferior vena cava would exclude the current from the 
right ventricle. At a later period, as the separation between the two atria 
becomes more marked, it seems probable that some mixture of the two streams 
must take place. 4. The pure blood carried from the placenta to the foetus, 
mixed with the blood from the portal vein and inferior vena cava, passes 
almost directiy to the arch of the aorta, and is distributed by the branches 
of that vessel to the head and upper extremities. 5. The blood contained 
in the descending aorta, chiefly derived from that which has already circulated 
through the head and limbs, together with a small quantity from the left 
ventricle, is distributed to the abdomen and lower extremities. 


The Changes in the Vascular System at Birth 

At birth, when respiration is established, an increased amount of blood from 
the pulmonary artery passes through the lungs, and the placental circulation 
is cut off. The foramen ovale is closed by the septum secundum (p. 115] 
about the tenth day after birth ; sometimes a slit-like opening is left between 
the two atria. 

The ductus arteriosus begins to contract immediately after respiration is 
established, and is completely closed between the fourth and fifth days after 
birth ; it ultimately forms an impervious cord, the ligamentum arteriosum , 
which connects the left pulmonary artery to the arch of the aorta. 

The parts of the hypogastric arteries extending from the sides of the bladder 
to the umbilicus become obliterated between the second and fifth days after 
birth, and project towards the abdominal cavity as fibrous cords ; these cords 
are termed the lateral umbilical ligaments, and are enveloped by folds of 
peritoneum. 

The left umbilical vein and the ductus venosus are completely obliterated 
between the second and fifth days after birth ; the former becomes the 
ligamentum teres, the latter the ligamentum venosum, of the liver. 
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THE ARTERIES 

The distribution of the systemic arteries is like a highly branched tree, 
the common trunk of which, formed by the aorta, commences at the left 
ventricle, while the smallest ramifications extend to the viscera and to the 
peripheral parts, of the body. Arteries are found in all parts of the body, 
-except in the hairs, nails, epidermis, cartilages, and corneae ; the larger trunks 
usually occupy the most protected situations, running, in the limbs, along 
the flexor surfaces, where they are less exposed to injury. 

There is considerable variation in the mode of division of the arteries : 
occasionally a short trunk subdivides into several branches at the same point, 
as in the cceliac artery and the thyreocervical trunk ; more usually the vessel 
gives off several branches in succession, and still continues as the main trunk, 

' as in the arteries of the limbs. 

A branch of an artery is smaller than the trunk from which it arises ; but 
if an artery divides into two branches, the combined sectional area of the 
two vessels is, in nearly every instance, somewhat greater than that of the 
trunk ; and the combined sectional area of all the arterial branches greatly 
exceeds that of the aorta. 

The arteries unite with one another, forming what are called anastomoses . 
Anastomosis between trunks of nearly equal size is found in the brain, where 
the two vertebral arteries unite to form the basilar artery, and the two anterior 
cerebral arteries are connected by the anterior communicating artery ; and in 
the abdomen, where the intestinal arteries have free anastomoses between 
their larger branches. In the limbs, the anastomoses are largest and most 
numerous around the joints ; the branches arising from an artery above a 
joint uniting with branches from the vessels below it. These anastomoses are 
of considerable interest to the surgeon, as it is by their enlargement that a 
collateral circulation is established after the application of a ligature to a main 
artery. The smaller branches of arteries anastomose more frequently than the 
larger ; and between the smallest twigs these anastomoses may be so numerous 
that they constitute a close network. In certain regions of the body, however, 
there are arteries which have no anastomoses with neighbouring arteries except 
through the agency of the capillaries. Such are found in the spleen and kidney, 
and in certain parts of the brain, and are called end arteries . If an artery of 
this type be occluded, serious nutritional disturbances resulting in death 
{necrosis) will occur in the terrtiory supplied by the vessel. 

Applied Anatomy . — The walls of all the arteries, and most of all of the aorta, are liable 
to various forms of hardening with loss of elasticity, known collectively as arteriosclerosis , 
that are of the greatest clinical importance. The two chief varieties of arteriosclerosis 
are : (1) hypertrophy of the muscular tunica media of the arteries, clinically associated 
with chronic arterial vasoconstriction and high blood-pressure, and (2) atheroma or 
atherosclerosis, essentially a senile degenerative change of the intima, that leads to loss 
of arterial elasticity by the replacement of elastic by fibrous tissue. Whatever the cause 
of arterial sclerosis its chief ill-effects on the patient are two. In the first place, it is 
associated with a permanent and often considerable rise in the arterial blood-pressure, 
entailing a corresponding hypertrophy of the heart ; in the second, it weakens the vessel 
walls, rendering them more liable to rupture, while at the same time it is apt to lessen 
the calibre of the affected vessels. 

The arteries are also frequently attacked by syphilis, which gives rise to inflammation 
and degeneration of their middle coats. Arterial aneurysms, other than those due to direct 
injury, occur almost solely in syphilitic patients. 


The Pulmonary Artery 

The pulmonary artery (figs. 652, 653) conveys venous blood from the right 
ventricle of the heart to the lungs. It is about 5 cm. in length and 3 cm. in 
diameter, and arises from the conus arteriosus of the right ventricle. It runs 
upwards and backwards, passing at first in front and then to the left of the 
ascending aorta, as far as the under surface of the aortic arch, where it divides, 
about the level of the fibro cartilage between the fifth and sixth thoracic vertebrae, 
into right and left branches of nearly equal size. 
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Relations. — The whole of the pulmonary artery is contained within the peri- 
cardium. It and the ascending aorta are enclosed in a common tube of the 
visceral layer of the serous pericardium. The fibrous layer of the pericardium is 
gradually lost upon the external coats of the two branches of the artery. In front, 
the pulmonary artery is separated from the anterior end of the second left 
intercostal space by the pleura, the left lung, and the pericardium ; it rests at 
first upon the ascending aorta ; higher up it lies in front of the left atrium, and 
the ascending aorta is on its right side. On either side of its origin is the 
auricula of the corresponding atrium, and a coronary artery ; the left coronary 
artery, in the first part of its course passes behind the vessel. The superficial 
part of the cardiac plexus lies between the division of the pulmonary artery and 
the arch of the aorta. 


Tig. 652. — A transverse section through the thorax, showing the relations of 
the pulmonary artery, etc. Diagrammatic. 

Transversus thoracis 



The right branch of the pulmonary artery, slightly longer and larger than 
the left, runs horizontally to the right, behind the ascending aorta, superior 
vena cava, and upper right pulmonary vein, and in front of the right bronchus,, 
to the root of the right lung, where it divides into two branches. The lower 
and larger of these is distributed to the middle and lower lobes of the lung ; 
the upper and smaller accompanies the eparterial bronchus to the upper lobe. 

The left branch of the pulmonary artery, a little shorter and smaller 
than the right, runs horizontally in front of the descending aorta and left 
bronchus to the root of the left lung, where it divides into two branches, one 
for either lobe of the lung. Above, it is united to the concavity of the aortic 
arch by the ligamentum arteriosum, on the left of which is the left recurrent 
nerve, and on the right the superficial part of the cardiac plexus. Below, it 
is joined to the upper left pulmonary vein by the ligament of the left vena 
cava (p. 576). 

The terminal branches of the pulmonary arteries are described with the 
anatomy of the lungs. 

Applied Anatomy . — Stenosis (narrowing) or atresia (non -perforation) of the pulmonary 
orifice, usually combined with other developmental anomalies such as defect of the upper 
part of the interventricular septum, patency of the ductus arteriosus, or patency of the 



THE AORTA 


597 


foramen ovale, is the commonest form of congenital heart disease. It is due to mal- 
development, and not to foetal endocarditis; possibly, as Keith suggests, to malformation 
of the bulbus cordis. In well-marked cases the child with congenital heart disease is 
cyanosed, short of breath on exertion, and puny, generally dying of sudden heart failure 
or bronchitis before adolescence. The chief signs of the condition are the loud, harsh 
systolic cardiac murmur best heard over the second left costal cartilage, cyanosis, club- 
bing of the finger-tips, and the presence of an excess of red corpuscles in the blood. 

Embolism of the pulmonary artery by a clot of blood coming from the right side of 
the heart in patients with heart-disease, or from a thrombosed vein in cases, for example, 
of influenza, enteric fever, puerperal sepsis, or fractured limbs, is a common cause of 
sudden or rapid death. The patient may cry out with sudden excruciating pain in the 
precordia when the detached embolus lodges, and after a brief period of intense dyspnoea, 
pallor, and anguish, die. 


The Aorta 

The aorta is the main trunk of the series of vessels which convey the 
oxygenated blood to the tissues of the body. It begins at the upper part of 
the left ventricle, where it is about 3 cm. in diameter, and after ascending for 


Fig. 653. — A transverse section through the mediastinal cavity at the level 
of the upper part of the body of the sixth thoracic vertebra. 
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a short distance, arches backwards and to the left, over the root of the left 
lung ; it then descends within the thorax on the left side of the vertebral column, 
and enters the abdominal cavity through the aortic hiatus in the Diaphragm. 
Considerably diminished in size (about 1*75 cm. in diameter), it ends, on the 
left of the median plane, at the level of the lower border of the fourth lumbar 
vertebra, by dividing into the right and left common iliac arteries. Hence it is 
described in several portions, viz. the ascending aorta , the arch of the aorta , 
and the descending aorta , which last is divided into the thoracic and abdominal 
aortce . * , 
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The Ascending Aorta 

The ascending aorta (figs. 635, 655) is about 5 cm. long. It begins 
at the base of the left ventricle, on a level with the lower border of the 
third costal cartilage, behind the left half of the sternum ; it passes, 
obliquely upwards, forwards, and to the right behind the sternum, in the 
direction of the heart’s axis, as high as the upper border of the second right 
costal cartilage, describing a slight curve in its course. At its origin it presents 
opposite the segments of the aortic valve, three small dilatations called the- 
aortic sinuses. At the union of the ascending aorta with the aortic arch the 


Pig. 654. — A transverse section through the mediastinal cavity at the level 
of the lower part of the body of the fourth thoracic vertebra. 
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calibre, of the vessel is slightly increased, owing to a bulging of its right wall. 
This dilatation is termed the bulb of the aorta , and' on transverse section at this 
level, the vessel presents a somewhat oval figure. 

Relations. — The ascending aorta is contained within the pericardium, and is 
enclosed in a tube of the serous pericardium, common to it and the pulmonary 
artery. It is covered at its commencement by the trunk of the pulmonary artery 
and the. right auricula, and, higher up, is separated from the sternum by the 
pericardium, the right pleura, the anterior margin of the right lung, some loose 
areolar tissue, and the remains of the thymus ; posterior to it are the left atrium, 
the right pulmonary artery, and the right bronchus. On. its right side are the 
superior. vena cava and right atrium, the former lying partly behind it; on its 
left side is the pulmonary artery. 

Branches.— The branches of the ascending aorta a re the right and left coronary 
arteries (figs. 638, 655) wEicli supply the heart ; they arise from the aortic sinuses 
immediately above the attached margins of the aortic semilunar valves. 

The right coronary artery arises from the anterior aortic sinus. It passes at 
first between the conus arteriosus and the right auricula and then runs in the right 
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portion of the coronary sulcus, coursing on the front of the heart from left to right, 
and then on the back of the heart from right to left as far as the posterior longi- 
tudinal sulcus ; under the name of the 'posterior descending branch it proceeds down 
this sulcus, sometimes as far as the apes of the heart. The right coronary artery 
gives off a large marginal branch which follows the acute margin of the heart towards 
the apes, and ramifies on both surfaces of the right ventricle. It also supplies 
branches to the right atrium and to the part of the left ventricle which adjoins 
the posterior longitudinal sulcus. 


Fig. 655. — The arch of the aorta, and its branches. 



The left coronary artery, larger than the right, arises from the left posterior 
aortic sinus and, after a short forward course between the pulmonary artery and 
the left auricula, divides into an anterior descending and a circumflex; branch. 
The anterior descending branch runs forwards between the pulmonary artery and 
the left auricula, and reaching the anterior longitudinal sulcus, descends in it to the 
incisura apicis cordis ; it gives branches to both ventricles. In many subjects the 
anterior descending branch turns round the apex (fig. 638) and ascends for a varying 
distance in the posterior longitudinal sulcus. The circumflex branch follows the 
left part of the coronary sulcus, running first to the left and then to the right, reach- 
ing nearly as far as the posterior longitudinal sulcus ; it gives branches to the left 
atrium and ventricle. 
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There is a very free anastomosis between the minute branches and between the 
capillaries of the two coronary arteries in the substance of the heart * 

Peculiarities . — The coronary arteries occasionally arise by a common trunk; their 
number may be increased to three or four. 

Applied Anatomy . — The sudden blocking of a coronary artery by an embolus, or its 
more gradual obstruction by arterial disease or thrombosis, is a common cause of sudden 
death in persons past middle age. If the obstruction to the passage of blood is incom- 
plete, angina pectoris may occur. In this condition the patient is suddenly seized with a 
spasm of agonising pain in the precordial region and down the left arm, together with 
an indescribable sense of anguish. He may die in such an attack, or succumb a few 
hours or days later from heart failure, or survive a number of attacks. 


The Arch of the Aorta 

The arch of the aorta (figs. 655, 657) connects the ascending with the 
descending aorta ; it begins at the level of the upper border of the second right 
sternocostal articulation, and runs at first upwards, backwards, and to the 
left in front of the trachea : it is then directed backwards on the left side of 


Fig. 65 7. — A transverse section through the mediastinal cavity at the level 
of the upper part of the body of the fourth thoracic vertebra. 
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the trachea, and finally passes downwards on the left side of the body of the 
fourth thoracic vertebra, at the lower border of which it is continuous with 
the descending aorta. It thus forms two curvatures : one with its convexity 
upwards, the other with its convexity forwards and to the left. Its upper 
border is usually about 2*5 cm. below the superior border of the manubrium 
sterni. 

Relations. — The arch of the aorta is covered anteriorly by the pleurae and 
anterior margins of the lungs, and by the remains of the thymus. As the vessel 
runs backwards its left side is in contact with the left lung and pleura. Passing 

* Consult in this connexion c The blood-supply of the heart ’ by Louis Gross, l.fifSl.. 
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downwards on the left side of this part of the arch are four nerves ; in order from 
before backwards these are : the left phrenic, the lower of the superior cardiac 
branches of the left vagus, the superior cardiac branch of the left sympathetic, and 
the trunk of the left vagus. As the left vagus crosses the arch it gives off its recurrent 
branch which hooks round below the vessel and then passes upwards on its right 
side. The left superior intercostal vein runs obliquely upwards and forwards 
on the left side of the arch, between the phrenic and vagus nerves. On the 
right are the deep part of the cardiac plexus, the left recurrent nerve, and the 
oesophagus ; the trachea lies behind and to the right of the vessel. Above 
are the innominate, left common carotid, and left subclavian arteries, which arise 
from the convexity of the arch and are crossed close to their origins by the left 
innominate vein. Below are the bifurcation of the pulmonary artery, the left 
bronchus, the ligamentum arteriosum, the superficial part of the cardiac plexus, 
and the left recurrent nerve. As already stated (p. 596), the ligamentum arteriosum 
connects the commencement of the left pulmonary artery to the aortic arch. 

In the foetus the lumen of the aorta is considerably narrowed between the origin 
of the left subclavian artery and the attachment of the ductus arteriosus, forming 
what is termed the aortic isthmus , while immediately beyond the ductus arteriosus 
the vessel presents a fusiform dilatation which His has named the aortic spindle — 
the point of junction of the two parts being marked in the concavity of the arch 
by an indentation or angle. These conditions persist, to some extent, in the adult, 
where His found that the average diameter of the spindle exceeded that of the 
isthmus by 3 mm. 

Peculiarities. — The summit of the arch of the aorta is usually about 2*5 cm. below the 
upper border of the sternum ; but it may reach nearly to the top of the bone. Occasion- 
ally it is found 4 cm., more rarely from 5 to 8 cm., below this point. Sometimes the aorta 
arches over the root of the right lung (right aortic arch) instead of over that of the left, 
and passes down on the right side of the vertebral column, a condition which is normal 
in birds. In such cases there is a transposition of the thoracic and of the abdominal viscera. 
Less frequently the aorta, after arching over the root of the right lung, is directed to its 
usual position on the left side of the vertebral column ; this peculiarity is not accompanied 
by transposition of the viscera. The aorta occasionally divides, as in some quadrupeds, 
into an ascending and a descending trunk, the former of which is directed vertically upwards, 
and subdivides into three branches, to supply the head and upper extremities. Some- 
times the aorta subdivides near its origin into two branches, which soon reunite ; in one 
case of this kind the oesophagus and trachea passed through the interval between the two 
branches ; this is the normal condition of the vessel in the reptilia. 

Applied Anatoiny. — The ascending aorta and the arch of the aorta are frequent sites 
of aneurysm. 

Aneurysm of the ascending aorta, in a majority of cases affects the anterior sinus, owing 
to the fact that the regurgitation of blood which follows the closing of the aortic valves 
is directed chiefly against the anterior wall of the vessel. If the aneurysmal sac projects 
forwards it may destroy part of the sternum and the costal cartilages, usually on the right 
side, and appear as a pulsating tumour on the front of the chest. In other cases it may 
compress or open into the right lung, bronchi, or trachea ; it may burst into the peri- 
cardium (a common cause of death inthese aneurysms), or may compress the right atrium, 
the pulmonary artery and the adjoining part of the right ventricle, and open into one or 
other of these structures. It may press upon the superior vena cava or the innominate 
veins, causing great venous engorgement in their tributaries ; an aneurysm has occasionally 
perforated into the superior vena cava setting up an arteriovenous aneurysm. 

Eegarding the arch of the aorta, the student is reminded that the vessel lies against 
the trachea, feft bronchus, oesophagus, and thoracic duct ; that the recurrent nerve winds 
around it ; and that from its upper part are given off three large trunks, which supply 
the head, neck, and upper extremities. An aneurysmal tumour taking origin from the 
posterior part of the vessel, its most usual site, may press upon the trachea and give rise 
to the sign known as ‘tracheal tugging, 5 impede the breathing, or produce cough, 
dyspnoea, bronchiectasis, haemoptysis, or stridulous breathing, or it may ultimately burst 
into that tube, producing fatal haemorrhage. Again, its pressure on the left recurrent 
nerve may give rise to symptoms of laryngeal paralysis ; or it may press upon the thoracic 
duct and destroy life by inanition ; or it may involve the oesophagus, producing dysphagia, 
and has not infrequently been mistaken for oesophageal stricture ; or it may burst into 
the oesophagus, when fatal haemorrhage will occur. Pressure on the sympathetic filaments 
may produce (1) dilatation of the pupil by stimulation, or later (2) contraction of the pupil 
by abolition of the conducting power of the nerves, on the affected side. The pupillary 
changes have however been attributed to the alterations of the blood- pressure in the carotid 
artery on the affected side — -lowering of pressure leading to partial collapse of the tortuous 
vessels of the iris and dilatation of the pupil, increase of pressure tending to straighten 
out these vessels and diminish the pupillary aperture. Again, the innominate artery, or 



602 


ANGIOLOGY 


the subclavian, or left carotid, may be so obstructed by clots as to produce a weakness, 
or even a disappearance, of the pulse in one or the other wrist, or in the left superficial 
temporal artery ; or the tumour may present itself at or above the manubrium, generally 
either in the median line, or to the right of the sternum, and may simulate an aneurysm 
of one of the arteries of the neck. 

Many of the physical signs of an aortic aneurysm may be simulated with extraordinary 
fideiiiy iiv the preternatural pulsation or throbbing of a distended and elastic aorta, when 
no true aneurysmal dilatation exists. This condition may be met with in young persons 
with aortic reflux and greatly hypertrophied hearts, in patients who are of a neurotic or 
hysterical temperament, and in cases of Graves’s disease or of marked ansemia; The 
condition is known as dynamic dilatation of the aorta, and in no way threatens life. 

Branches (figs. 655, 658). — Three branches are given off from the summit 
of the arch of the aorta, viz. : the innominate, the left common carotid, and 
the left subclavian. 

Peculiarities . — The branches may spring from the commencement of the arch or upper 
part of the ascending aorta; or the distance between them at their origins may be 
increased or diminished, the most frequent change in this respect being the approxima- 
tion of the left carotid to the innominate artery. 

The number of the primary branches may be reduced to one ; more commonly there 
are two, the left carotid arising from the innominate artery, or (more rarely) the carotid 
and subclavian arteries of the left side arising from a left innominate artery. But the 
number may be increased to four, through the right carotid and subclavian arteries 
arising directly from the aorta ; in most of these cases the right subclavian arises from the 
left end of the arch; in other cases it is the second or third branch given off. Another 
common variation in which there are four primary branches is that where the left verte- 
bral artery arises from the arch of the aorta between the left carotid and subclavian 
arteries. Lastly, the number of trunks may be increased to five or six ; in these instances, 
the external and internal carotid arteries arise separately, the common carotid being 
absent on one or both sides. In some few cases six branches have been found, and this 
condition is associated with the origin of both vertebral arteries from the arch. 

When the aorta arches over to the right side, the three branches have an arrangement 
the reverse of what is usual : there is a left innominate artery, and the right carotid and 
right subclavian arise separately. In other cases, where the aorta takes its usual course, 
the two carotids may be joined in a common trunk, and the subciavians arise separately 
from the arch, the right subclavian generally arising from the left end of the arch. 

Other arteries may spring from the arch of the aorta. Of these the most common 
are the bronchial, one or both, and the thyreoidea ima; the internal mammary and the 
inferior thyreoid have been seen to arise from it. 


The Innominate Abteby (figs. 655, 658, 659) 

The innominate artery (arteria anonyma) is the largest branch of the 
arch of the aorta, and is from 4 to 5 cm. in length. It arises from the convexity 
of the arch of the aorta, posterior to the centre of the manubrium sterni ; it 
passes obliquely upwards, backwards, and to the right to the level of the upper 
border of the right sternoclavicular articulation, where it divides into the 
right common carotid and right subclavian arteries. 

Relations. — Anteriorly , it is separated from the manubrium sterni by the Sterno- 
hyoideus and Sternothyreoideus, the remains of the thymus, the left innominate 
and right inferior thyreoid veins which cross its root, and sometimes the superior 
cardiac branches of the right vagus nerve. Posterior to it is the trachea, which it 
crosses obliquely. On the right side are the right innominate vein, the upper part 
of the superior vena cava, and the pleura ; and on the left side , the remains of the 
thymus, the origin of the left common carotid artery, the inferior thyreoid veins, 
and at a higher level the trachea. 

Branches. — The innominate artery is usually devoid of branches other 
than its terminal ones, but occasionally the thyreoidea ima arises from it, and 
sometimes it gives off a thymic or a bronchial branch . 

The thyreoidea ima, small and inconstant, ascends in front of the trachea 
to the lower part of the thyreoid gland, in which it ends. It occasionally arises 
from the aorta, or from the right common carotid, subclavian or internal mammary 
arteries. 

Peculiarities . -—The innominate artery sometimes projects above the upper border of 
the manubrium sterni. It may divide above the level of the sternoclavicular joint, less 
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frequently below it. When the aortic arch is on the right side, the in nominate artery 
is directed to the left side of the neck. 

Applied Anatomy . — The innominate artery may be wounded in performing the low 
operation of tracheotomy, and an ill-fitting tracheotomy tube may ulcerate into the vessel. 
Aneurysm of the innominate artery not infrequently occurs as an accompaniment of 
aneurysm of the arch of the aorta. It causes bulging of the right sternoclavicular articu- 
lation, pushing forwards the Sternocleidomastoideus muscle and filling up the jugular 
notch. It produces serious pressure symptoms : from pressure on the innominate veins 
it may cause oedema of the upper extremities, and of the head and neck ; from pressure 


Fig. 658. — Dissection of the lower part of the neck, and the upper part of the 
thorax. Anterior aspect. 
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on the trachea it produces dyspnoea ; and from pressure ou the right recurrent nerve, 

hoarseness and laryngeal cough. , . , A i 

Although the operation of tying the innominate artery has been performed by several 
surgeons, few successes have been recorded. The chief danger of the operation appears 
to be the frequency of secondary hemorrhage; but in the present day, with the practice 
of aseptic surgery and our greater knowledge of the use of the ligature, more favourable 
results may be anticipated. The main obsucle* to _ the operation are the deep situa- 
tion of the artery behind the sternum and the numoer of important structures which 

surround^it. ^ ligature to this vessel, the patient is to be placed upon Ms hack 

with the thorax slightly raised, the head bent a little backwards, and the right shoulder 
strongly depressed, so as to draw out the artery from behind the sternum into the neck. 
An incision 7 cm. or more in length is then made along the anterior border of the Sterno- 
cleidomastoideus, terminating at the sternal end or the clavicle From this point a 
second incision is carried about the same length along the upper border of the clavicle. 
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The skin is then dissected back, and the Platvsma divided : the sternal end of the Sterno- 
cleidomastoideus is now brought into view, and a director being passed beneath it, and 
close to its deep surface so as to avoid any small vessels, it is to be divided ; in like manner 
the clavicular origin is to be divided throughout the whole or greater part of its attach- 
ment. By pressing aside any loose cellular tissue or vessels that may now appear. the 
Sternohyoideus and Sternothyreoideus muscles will be exposed, and must oe d:v; v !v o. 
The inferior thyreoid veins may come into view, and must be carefully drawn either 
upwards or downwards, by means of a blunt hook, or tied with double ligatures and 
divided. After tearing through a strong fibrocellular lamina, the right common carotid is 
brought into view, and being traced downwards, the innominate artery is reached. The 
left innominate vein should now be depressed; the right innominate vein, the internal 


Fig. 659. — A transverse section through the mediastinal cavity at the level 
of the body of the third thoracic vertebra. 
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jugular vein, and the vagus nerve drawn to the right side ; and a curved aneurysm needle 
may then be passed around the vessel, close to its surface, and in a direction from below 
upwards and medially ; care being taken to avoid the right pleural sac, the trachea, and 
cardiac nerves. The ligature should be applied to the artery as high as possible, in order 
to allow room between it and the aorta for the formation of the coagulum. The impor- 
tance of avoiding the thyreoid plexus of veins during the primary steps of the operation, 
and the pleural sac while including the vessel in the ligature, should be most carefully 
borne in mind. To give freer access to the innominate artery a portion of the manubrium 
sterni is sometimes removed. 

Collateral Circulation. — Allan Burns demonstrated, on the dead subject, the possi- 
bility of the establishment of the collateral circulation after ligature of the innominate 
artery, by tying and dividing that artery. He then found that ‘ Even coarse injection, 
impelled into the aorta, passed freely by the armstomocir.r: brr.mhes into the arteries of 
the right arm, filling them and all the vessels o:“ dv ’ "ad e.unpU L iy.’ * The branches by 
which this circulation is carried on are numerous; thus, all the communications across 
the middle line between the branches of the carotid arteries of opposite sides are available 
for the supply of blood to the right side of the head and neck; the anastomosis between 
the eostoeervical of the subclavian and the first aortic intercostal (see infra on the col- 
lateral circulation after obliteration of the thoracic aorta) brings the blood, by a free and 
direct course, into the right subclavian; the numerous connexions between the inter- 
costal arteries and the branches of the axillary and internal mammary arteries assist in 
the supply of blood to the right arm, while the inferior epigastric from the external iliac, 
by means of its anastomosis with the internal mammary, compensates for any deficiency 
in the vascularity of the wall of the chest. 

* Surgical Anatomy of the Head and Neck , p. 62. 
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THE ARTERIES OF THE HEAD AND NECK 

The principal arteries of the head and neck are the two common carotids ; 
they ascend in the neck and each divides into two branches, viz. (1) the external 
carotid, supplyingthe exterior of the head, the face, and the greater part of 
the neck ; (2) the internal carotid, supplying to a great extent the parts within 
the cranial and orbital cavities. 


The Common Carotid Arteries 

The common carotid arteries differ in length and in their mode of origin. 
The right artery begins at the bifurcation of the innominate artery behind, the 
sternoclavicular joint and is confined to the neck. The left artery springs from 
the highest part of the arch of the aorta immediately behind and to the left 
of the innominate artery, and therefore consists of a thoracic and a cervical 
portion. 

The thoracic portion of the left common carotid artery (figs. 658, 659) 
ascends from the arch of the aorta to the level of the left sternoclavicular joint, 
where it is continuous with the cervical portion. 

Relations . — In front, it is separated from the manubrium sterni by the Sterno- 
hyoideus and Sternothyreoideus, the anterior portions of the left pleura and lung, 
the left innominate vein, and the remains of the thymus ; behind it are the left 
subclavian artery, the trachea, the oesophagus, the left recurrent nerve, and the 
thoracic duct. To its right side below, is the innominate artery, and above, 
the trachea, the inferior thyreoid veins, and the remains of the thymus ; to its left 
side are the left vagus and phrenic nerves, the left pleura and lung. 

The cervical portions of the common carotid arteries resemble each other 
so closely that one description will apply to both (figs. 660, 661). Each passes 
obliquely upwards, from behind the sternoclavicular articulation, to the level 
of the upper border of the thyreoid cartilage, where it divides into the external 
and internal carotid arteries ; behind the point of division there is a small 
reddish brown, ductless gland, named the glomus caroticum (carotid body). 

At the lower part of the neck the two arteries are separated from each other 
by a narrow interval which contains the trachea ; but at the upper part, the 
thyreoid gland, the larynx, and the pharynx project forwards between the tw T o 
vessels. The common narotid artery is contained in a sheath, -which is derived 
from the fascia colli (deep cervical fascia) and encloses also the internal jugular 
vein and vagus nerve, the vein lying lateral to the artery, and the nerve between 
the artery and vein, on a plane posterior to both. In the sheath, each of these 
structures has a separate fibrous investment. 

Relations. — In the lower part of its course the common carotid artery is very 
deeply seated, there being in front of it the skin, superficial fascia, Platysma, deep 
cervical fascia, Sternocleidomastoideus, Sternohyoideus, Sternothyreoideus, and 
Omohyoideus ; in the upper part of its course it is more superficial, being covered 
merely by the skin, the superficial fascia, Platysma, deep cervical fascia, and the 
medial margin of the Sternocleidomastoideus. When the latter muscle is drawn 
backwards, the artery is seen to be contained in the carotid triangle (p. 621) ; this 
part of the artery is crossed obliquely, from its medial to its lateral side, by the 
sternocleidomastoid branch of the superior thyreoid artery. In front of or within 
its sheath is the descending branch of the hypoglossal nerve, this branch being 
joined by the descendens cervicalis nerve which springs from the second and third 
cervical nerves and crosses the vessel obliquely. The superior thyreoid vein crosses 
the artery near its ter min ation, and the middle thyreoid vein a little below the 
level of the cricoid cartilage : the anterior jugular vein crosses the artery just above 
the clavicle, but is separated from it by the Sternohyoideus and Sternothyreoideus. 
Behind , the artery is separated from the transverse processes of the cervical vertebrae 
by the Longus colli and Longus capitis, the sympathetic trunk being interposed 
between the artery and the muscles ; the inferior thyreoid artery, crosses behind 
the lower part of the vessel. Medial to it are the oesophagus, trachea, and thyreoid 
gland (which overlaps it), the inferior thyreoid artery and recurrent nerve being 
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cava opens into the upper part, and the inferior vena cava into the lower part, 
of the right atrium. The portion of the left atrium between the openings of 
the right and left pulmonary veins constitutes the anterior wall of the oblique 
sinus of the pericardium (p. 576). 

The apex, formed by the left ventricle, is directed downwards, forwards, 
and to the left, and is overlapped by the left lung and pleura : it lies behind 
the fifth left intercostal space, about 8 cm. from the mi d* sternal line, or, in the 
male, about 4 cm. below and 2 cm. to the medial side of the left mammary 
papilla. 

The sternocostal surface (fig. 638) is directed forwards, upwards, and to 
the left. It consists of an atrial and a ventricular portion, the former being 
above and to the right, the latter below and to the left, of the anterior part 


Fig. 637. — The base and the diaphragmatic surface of the heart. 
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of the coronary sulcus. The atrial portion is almost entirely formed by the 
right atrium ; the greater part of the left atrium is hidden by the ascending 
aorta and pulmonary artery (fig. 638), and only a small part of its auricula 
projects forwards on the left side of the pulmonary artery. About two-thirds 
of the ventricular part are formed by the right, and one-third by the left, 
ventricle, the line of separation between the ventricles being marked by the 
anterior longitudinal sulcus. The sternocostal surface lies behind the body of 
the sternum, the Transversus thoracis muscles and the cartilages of the third, 
fourth, fifth, and sixth ribs ; owing to the bulging of the heart towards the 
left side a much larger part of the surface lies behind the left than the right 
rib-cartilages. The sternocostal surface is also covered by the pleurae and 
the thin, anterior parts of the lungs, with the exception of a small triangular 
area corresponding with the cardiac notch in the left lung. The base of 
this area is represented by a line on the middle of the sternum from the 
level of the fourth costal cartilages to the junction of the body of the sternum 
with the xiphoid process, and the sides by lines from the apex of the heart to 
the upper and lower ends of the base line. 
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Division of the common carotid artery may occur at or about the level of the hyoid 
bone ; more rarely it occurs below the usual level, opposite the middle of the larynx, or 
the lower border of the cricoid cartilage ; one case is described by Morgagni, where the 
artery was only 4 cm. in length and divided at the root of the neck. Very rarely the artery 
ascends in the neck without undergoing subdivision, either the external or the internal 
carotid being wanting. In a few cases the artery has been found absent, the external 
and internal carotid arteries arising directly from the arch of the aorta ; this peculiarity 
existed on both sides in some instances, on one side only in others. 

The common carotid artery usually supplies no branch ; but it may give origin to the 
vertebral, the superior thyreoid or its laryngeal branch, the ascending pharyngeal, the 
inferior thyreoid, or the occipital. 

Applied Anatomy. — Aneurysms are not often found on the common carotid artery ; 
when they do occur they are usually situated low down at the root of the neck, or just 
below the point of bifurcation of the vessel. They do not often assume a large size, and 
are more commonly found on the right side. As they increase in size they displace the 
trachea and larynx, and therefore dyspnoea becomes a prominent symptom. Dysphagia 


Fig. 66L— A transverse section through the anterior part of the neck at the 
level of the body of the first thoracic vertebra. 
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also may be present from pressure on the oesophagus, especially if the aneurysm is on the 
left side ; and pressure on the recurrent nerve may produce hoarseness and laryngeal 
cough. Pressure on the sympathetic will cause pupillary changes — dilatation of the pupil 
when the sympathetic is irritated or the arterial blood-supply to the eye is lessened, con- 
traction when the sympathetic has become paralysed ; sympathetic irritation may also 
cause unilateral sweating of the head and neck. Pressure on the superficial branches of 
the cervical plexus may give rise to pain in the head, face and neck ; pressure on the vagus 
to irregular action of the heart and to asthmatic attacks. It is important to bear in mind 
that an enlarged lymph-gland in the superior carotid triangle, receiving a transmitted 
pulsation from the carotid artery, may simulate aneurysm of that vessel, but may be 
distinguished from it by the character of the pulsation, which is not expansile. 

Embolism of the left common carotid artery, or the thrombosis that may follow injury 
to the wall of the vessel by penetrating gunshot wounds of the neck, have been known 
to produce aphasia by interference with the blood -supply of the brain. 

Digital compression of the common carotid artery is sometimes required, and is best 
effected by pressing the vessel with the thumb against the anterior tubercle of the trans- 
verse process of the sixth cervical vertebra (p. 167). 

The upper part of the common carotid artery should be selected as the spot upon which 
to place a ligature (fig. 662 c), for the lower part is placed very deeply ; moreover, on the 
left side, the internal jugular vein, in most cases, passes obliquely in front of it. The part 
of the vessel which is most favourable for the operation is that opposite the level of the 
cricoid cartilage. It occasionally happens that the artery divides below its usual position : 
if the artery be exposed at its point of bifurcation, both divisions of the vessel should be 
tied near their origin, in preference to tying the trunk of the artery near its termination ; 
and if, in consequence of the entire absence of the common carotid artery, or from its 
early division, two arteries, the external and internal carotids, are met with, the ligature 
», shoqjd be placed on that vessel which is found on compression to be connected with the 
diseased area. 
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In this operation, the direction of the vessel and the anterior margin of the Sterno- 
cleidomastoideus are the chief guides to its performance. The patient should be placed 
on his back with the head extended and turned slightly to the opposite side : an incision 
is to be made, 7 or 8 cm. long, in the direction of the anterior border of the Sternocleido- 
mastoideus, so that the centre corresponds to the- level of the cricoid cartilage. After 
dividing the integument, superficial fascia, Platysrna, and deep fascia, the margins of the 
wound are held asunder by retractors, and the ramus descendens hypogiossi exposed, and 
must be avoided. The sheath of the vessel is to be raised by forceps, and opened to a 
small extent over the artery at its medial side. The internal jugular vein may present 
itself alternately distended and relaxed, and must be carefully avoided. The aneurysm 
needle is passed from the lateral aspect, care being taken to keep the needle in close 
contact with the artery, and thus avoid the risk of injuring the internal jugular vein, or 
including the vagus nerve. Before the ligature is tied, it should be ascertained that 
nothing but the artery is included in it. 


Fig. 662. — Dissections to show (a) the accessory nerve/ (b) the lingual artery, 
(c) the common carotid artery, and (d) the third part of the subclavian 
artery. 



Nerve to Subdavius 
Transverse scapular vein 

Third part of subclavian artery 

Transverse cervical artery 

Subclavian vein 


S ter node idomastoideus 
JPhrenic nerve 
Scalenus anterior 


Ligature of the common carotid near the root of the neck is sometimes required in 
cases of aneurysm of the upper part of the artery, especially if the sac is of large size. It 
is best performed by dividing the sternal origin of the Sternocleidomastoideus, but may 
be done in some cases, if the aneurysm is not of very large size, by an incision along the 
anterior border of the muscle, extending down to the sternoclavicular articulation, and 
by then retracting the muscle. Beneath it are two additional muscular layers, viz. : the 
Sternohyoideus and the Stern tt^yrcc: rl tjp : these have to be split and retracted, one 
after the other, before the- slcai-l: rbc \ e^sel is reached. In doing this, care must be 
taken not to wound the anterior jugular vein, which crosses the Sternohyoideus to reach 
the external jugular or subclavian vein. The sheath must be opened on its medial or 
tracheal side, so as to avoid the internal jugular vein. Special care is necessary on the 
left side, where the artery is commonly overlapped b\ v -ir. : on the right side there 
is usually an interval between the artery and the vein, and the risk of wounding the 
latter is less. 

Brasdor’s method of ligaturing an artery on the distal .side of an aneurysm is parti- 
cularly suitable for the cure of aneurysm at the lower part of the common carotid artery, 
since no branches are given off from the artery between the aneurysm and the site of 
the ligature. 
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Collateral Circulation . — After ligature of the common carotid, the collateral circula- 
tion can be perfectly established by the free communication which exists between the 
carotid arteries of opposite sides, both without and within the cranium, and by enlarge- 
ment of the branches of the subclavian artery. The chief communications outside the 
skull take place between the superior and inferior thyreoid arteries, and between the 
profunda cervicis and ramus descendens of the occipital ; the vertebral takes the place of 
the internal carotid within the cranium. 

Wounds, of the common carotid should be treated by suture whenever possible, 
because, after ligature of the vessel, hemiplegia or other symptom of cerebral dis- 
turbance supervenes in about twenty-five per cent, of cases. 


The External Carotid Artery 

The external carotid artery (fig. 660) begins opposite the upper border 
of the thyreoid cartilage, at the level of the disc between the third and fourth 
cervical vertebrae, and, taking a slightly curved course, passes upwards and 
forwards, and then inclines backwards to a point behind the neck of’ the 
mandible, where it divides into the superficial temporal and internal maxillary 
arteries. It diminishes rapidly in size, owing to the number and large size 
of the branches given off from it. In the child, it is somewhat smaller than 
the internal carotid ; but in the adult, the two vessels are of nearly equal 
size. At its origin, this artery is more superficial, and placed nearer the middle 
line than the internal carotid artery, and is contained within the carotid triangle. 

Relations.— The external carotid artery is covered by the skin, superficial fascia, 
Platysma, deep fascia, and anterior margin of the Sternocleidomastoideus ; it is 
crossed by the Digastricus and Stylohyoideus, the hypoglossal nerve and its vena 
comitans, the lingual and the common facial veins, and sometimes by the superior 
thyreoid veins, higher up it passes into the substance of the parotid gland, where 
it lies deep to the facial nerve and the junction of the superficial temporal and 
internal maxillary veins. Medial to it are the hyoid bone, the wall of the pharynx, 
the superior laryngeal nerve, and a portion of the parotid gland. Lateral to it, 
in the lower part of its course, is the internal carotid artery. Higher up it is 
separated from the internal carotid artery by the styloid process or stylohyoid 
ligament, the Styloglossus and Stylopharyngeus muscles, the glossopharyngeal nerve, 
the pharyngeal branch of the vagus nerve, and part of the parotid gland. 

Applied Anatomy . — Ligature of the external carotid may be required in cases of 
wound of this vessel, or of its branches when these cannot be tied, and in some cases 
of pulsating tumours of the scalp or face. It is also done as a preliminary measure to 
excision of the maxilla or tonsil. The seat of election for ligature is between the origins 
of its superior thyreoid and lingual ‘branches, about a finger’s breadth below the tip of the 
greater cornu of the hyoid bone. To tie the vessel, an incision is made from the angle of 
the mandible to the upper border of the thyreoid cartilage, and the superficial tissues and 
the deep fascia divided.. The anterior border of the Sternocleidomastoideus must be 
retracted and the lower border of the parotid gland raised, so as to expose the tendon of 
the Digastricus and the hypoglossal nerve, which cross the artery. The great difficulty in 
doing this is due to the plexus of veins derived from the superior thyreoid and lingual 
veins, which overlie. the artery; if necessary, these must be ligatured and divided. Care 
must be taken not to mistake the lingual and external maxillary arteries, when they arise 
by a common trunk, as they sometimes do, for the external carotid artery. The needle is 
to be passed from the lateral to the medial side of the vessel, carefully avoiding the 
superior laryngeal nerve, which lies in close proximity to the artery. 

Collateral Circulation . — The circulation is re-established by the free communication 
between most of the large branches of the artery (external maxillary, lingual, superior 
thyreoid, occipital) and the corresponding arteries of the opposite side, and by the 
anastomosis of its branches with those of the internal carotid artery, and of the occipital 
artery with branches of the subclavian, &c. 

The Branches of the External Carotid Artery (figs. 660/663) 

The branches of the external carotid artery are : 

1. Superior thyreoid. 4. External maxillary. 7. Superficial temporal. 

2. Ascending pharyngeal. 5. Occipital. S. Internal maxillary. 

3. Lingual. 6. Posterior auricular. 

1, The superior thyreoid artery (fig. 660) arises from the external carotid 
artery just below the level of the greater cornu of the hyoid bone and ends 
in the thyreoid gland. 

. V* . 1*1 
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Relations. — -From its origin beneath the anterior border of the Sternocleido- 
mastoideus it runs upwards and forwards for a short distance in the carotid 
triangle, where it is covered by the skin, Platysma, and fascia ; it then arches 
downwards beneath the Omohyoideus, Sternohyoideus, and Sternothyreoideus. 
To its medial side are the Constrictor pharyngis inferior and the external branch 

of the superior laryngeal nerve. 

Fic 4. 663.— Plan of the branches of the Branches. —It distributes twigs to 

external carotid artery. the adjacent muscles, and branches to the 



The sternocleidomastoid branch frequently arises from the external carotid 
artery; it runs downwards and lateral wards across the sheath of the common 
carotid artery, and enters the Sternocleidomastoideus. 

The superior laryngeal artery, larger than either of the preceding, is also fre- 
quently a separate branch of the external carotid artery ; it accompanies the 
internal laryngeal branch of the superior laryngeal nerve, beneath the Thyreo- 
hyoideus ; it pierces the lower part of the hyothyreoid membrane, and supplies the 
muscles, mucous membrane and glands of the larynx, anastomosing with the 
arrery of the opposite side, and with the inferior laryngeal branch of the inferior 
thyreoid artery. 

The cricothyreoid branch is small and runs transversely across the upper part 
of the cricothyreoid membrane, communicating with the artery of the opposite side. 

Applied Anatomy . — The superior thyreoid artery, or one of its branches, is often 
divided in cases of cut throat, giving rise to considerable haemorrhage. The superior 
thyreoid is ligatured in cases of bronehocele where the removal of a lobe of the thyreoid 
gland may present special dangers. 

*The position of the sternocleidomastoid branch is of importance in connexion with 
the operation of ligature of the common carotid artery. It crosses and lies on the sheath 
of this vessel and may chance to be wounded in opening the sheath. The position of the 
cricothyreoid branch should be remembered, as it may prove the source of troublesome 
haemorrhage during the operation of laryngotomy. 

2. The ascending- phaiyngeal artery (fig. 668), the smallest branch qf 
the external carotid artery, is a long, slender vessel, deeply seated in the neck. 
It arises close to the origin of the external carotid artery, and ascends verti- 
cally between the internal carotid artery and the side of the pharynx to the 
under surface of the base of the skull, lying on the Longus capitis ; it anastomoses 
freely with the ascending palatine branch of the external maxillary artery. 

Its branches are : 

Pharyngeal. Inferior tympanic. Posterior meningeal. 
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The pharyngeal branches are three or four in number. Two of these descend 
to supply the Constrictores pharyngis medius et inferior and the Stylopharyngeus, 
ramifying in their substance and in the underlying mucous membrane. A branch of 
variable size is distributed to the palate, and may take the place of the ascending 
palatine branch of the external maxillary artery ; " it runs downwards and forwards 
between the superior border of the Constrictor pharyngis superior and the Levator 
veli palatini, and accompanies the latter muscle to the soft palate ; it gives branches 
to the tonsil, and supplies a twig to the auditory tube. 

The inferior tympanic artery is a small branch which passes through the inferior 
tympanic canaliculus of the temporal bone, in company with the tympanic branch 
of the glossopharyngeal nerve, to supply the medial wall of the tympanic cavity 
and anastomose with the other tympanic arteries. 

The meningeal branches are several small vessels which supply the dura mater. 
One, the posterior meningeal , enters the cranium through the foramen lacerum ; 
a second passes through the jugular foramen ; and occasionally a third through 
the canal for the hypoglossal nerve. 

Numerous small vessels supply the Longi capitis et colli, the sympathetic trunk, 
the hypoglossal and vagus nerves, and the lymph-glands ; they anastomose with 
the ascending cervical and vertebral arteries. 

3. The lingual artery (fig. 668) arises from the external carotid artery 
between the superior thyreoid and external maxillary arteries ; it runs 
obliquely upwards and mediaiwards to the greater cornu of the hyoid bone, 
and then curves downwards and forwards, forming a loop which is crossed by 
the hypoglossal nerve ; it passes beneath the Digastricus and Stylohyoideus, 
runs "horizontally forwards beneath the Hyoglossus, and. finally, ascending 
almost perpendicularly to the tongue, courses forwards on its lower surface as 
far as the tip. 

Relations. — Its first portion is contained within the carotid triangle ; it rests 
upon the Constrictor pharyngis medius, and is under cover of the Platvsma and 
the fascia of the neck. Its second portion also lies upon the Constrictor 
pharyngis medius, being at first under cover of the tendon of the Digastricus 
and the Stylohyoideus, and afterwards of the Hyoglossus. Its third portion 
lies between the Hyoglossus and Genioglossus. The fourth or terminal part, 
under the name of the arteria profunda linguae, (ranine artery), runs along the inferior 
surface of the tongue to its tip, covered only with the mucous membrane ; above 
it is the Longitudinalis inferior, and medial to it the Genioglossus. The hypoglossal 
nerve crosses the first part of the lingual artery, but is separated from the second 
part by the Hyoglossus. 

The branches of the lingual artery are : 

Hyoid. Sublingual. 

Rami dor sales linguae. Arteria profunda linguae. 

The hyoid branch is very small ; it runs along the upper border of the hyoid 
bone, supplying the muscles attached to the bone, and anastomosing with its fellow 
of the opposite side. 

The rami dorsales linguae consist usually of two or three small branches ; they 
arise beneath the Hyoglossus, ascend to the posterior part of the dorsum of the 
tongue, and supply the mucous membrane of the tongue, the glossopalatine arch, 
the palatine tonsil, soft palate, and epiglottis; they anastomose with the vessels 
of the opposite side. 

The sublingual artery arises at the anterior margin of the Hyoglossus, and 
runs forward between the Genioglossus and Mylohyoideus to the sublingual gland. 
It supplies the gland and gives branches to the- Mylohyoideus and neighbouring 
muscles, and to the mucous membrane of the mouth and gums. One branch 
runs behind the alveolar part of the mandible in the substance of the gum to 
anastomose with a similar artery from the other side; another pierces the Mylo- 
hyoideus and anastomoses with the submental branch of the external maxillary 
artery. 

The arteria profunda linguae (ranine artery) is the terminal portion of the lingual 
artery ; it pursues a tortuous course and runs along the under surface of the tongue 
at the side of the frenulum linguae, between the Longitudinalis linguae inferior and 
the mucous membrane ; it lies on the lateral side of the Genioglossus, accompanied 
by the lingual nerve. 
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Applied Anatomy. —-The lingual artery is not infrequently divided near its origin in 
cases of cut throat ; while severe haemorrhage, which cannot he restrained by ordinary 
means, may ensue from a wound., or deep ulcer, of the tongue. In the former ease, the 
primary wound may be enlarged if necessary, and the bleeding vessel secured ; in the 
latter, it has been suggested that the lingual artery should be tied near its origin. 

Ligature of the lingual artery (fig. 662 , b) has been practised as a preliminary measure 
to removal of the tongue. The operation is a difficult one on account of the depth of 
the artery, the number of important parts by which it is surrounded, and its occasional 
irregularity of origin. An incision is to be made in a curved direction from a finger’s 
breadth behind the symphysis menti downwards to the cornu of the hyoid bone, and then 
upwards to near the angle of the mandible. Care must be taken not to carry this incision 
too far backwards, for fear of endangering the anterior facial vein. In the first incision 
the skin, superficial fascia, and Platysma will be divided, and the deep fascia displayed. 
This is then to be incised and the submaxillary gland exposed and pulled upwards. A 
triangular space is now seen, bounded in front by the posterior border of the Mylohyoideus, 
below and behind by the tendon of the Digastricus, and above by the hypoglossal nerve. 
The floor of the space is formed by the Hyoglossus, beneath which the artery lies. The 
parts are to be drawn forwards by a blunt hook inserted beneath the tendon of the 
Digastricus, and the fibres of the Hyoglossus cut through horizontally just above the 
Digastricus. The artery will then be exposed lying on the Constrictor pharyngis medius ; 
and in passing the aneurysm needle, care must be taken not to pierce the latter muscle. 
The hypoglossal nerve must also be avoided. 

Troublesome haemorrhage may occur in the division of the frenulum linguae in children, 
if the aa. profundse linguae, which lie one on either side of it, be wounded. The operation 
should always be performed with a pair of blunt-pointed scissors, and the mucous mem- 
brane alone divided by a very superficial cut, which cannot endanger any vessel. Any 
further liberation of the tongue which may be necessary can be effected by tearing. 

4. The external maxillary artery (facial artery) (fig. 664) arises from the 
external carotid artery in the carotid triangle a little above the lingual artery. 
Sheltered by the ramus of the mandible, it passes obliquely up beneath the 
Digastricus and Stylohyoideus, above which it arches to enter a groove on 
the posterior border of the submaxillary gland. It then curves upwards over 
the body of the mandible at the antero-inferior angle of the Masseter ; passes 
forwards and upwards across the cheek to the angle of the mouth, then ascends 
along the side of the nose, and ends as the angular artery at the medial 
palpebral commissure. The external maxillary artery is remarkably tortuous: 
in the neck to accommodate itself to the movements of the pharynx during 
deglutition, and on the face to the movements of the mandible, lips, and 
cheeks. 

Relations. — In the neck , its origin is superficial, being placed under cover of the 
skin, Platysma, and fascia ; it then passes beneath the Digastricus and Stylohyoideus 
muscles and part of the submaxillary gland, and frequently beneath the hypoglossal 
nerve. It lies upon the Constrictores pharyngis medius et superior, the latter of 
which separates it, at the summit of its' arch, from the lower and posterior part 
of the tonsil. On the face , where it passes over the body of the mandible, it is 
comparatively superficial, lying immediately beneath the Platysma. In its course 
over the face, it is under cover of the skin, the fat of the cheek,' and, near the 
angle of the mouth, the Platysma, Risorius, and Zygomaticus. It rests on the 
Buccinator and Caninus, and passes either over or through the infra-orbital head 
of the Quadratus labii superioris. The anterior facial vein lies posterior to the 
artery, and takes a more direct course across the face, where it is separated from 
the artery by a considerable interval ; in the neck it lies superficial to the artery. 
The branches of the facial nerve cross the artery from behind forwards. 

The branches of the external maxillary artery may be divided into two 
sets : those given off in the neck (cervical), and those on the face (facial). 

Cervical branches , Facial branches. 

Ascending palatine. Inferior labial. 

Tonsillar. Superior labial. 

Glandular. Lateral nasal. 

Submental. Angular. 

The ascending palatine artery (fig. 668) arises close to the origin of the external 
maxillary artery and passes up between the Styloglossus and Stylopharyngeus 
to the side of the pharynx, along which it is continued between the Constrictor 
pharyngis superior and the Pterygoideus internus towards the base of the skull. 
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Near the Levator veli palatini it divides into two branches : one follows the course 
of this muscle and winding over the upper border of the Constrictor pharynds 
superior, supplies the soft palate and the palatine glands, anastomosing with its 
fellow of the opposite side and with the descending palatine branch of the internal 
maxillary artery , the other pierces the Constrictor pharyngis superior and supplies 
the palatine tonsil and auditory tube, anastomosing with the tonsillar and ascendino- 
pharyngeal arteries. & 


Fig. 664.— The arteries of the right side of the face and scalp. 



The tonsillar branch (fig. 668), sometimes derived from the ascending palatine 
artery, ascends between the Pterygoideus internus and Styloglossus, and then 
along the side of the pharynx ; it perforates the Constrictor pharyngis superior and 
ramifies in the palatine tonsil and the root of the tongue. 

The glandular branches, three or four large vessels, supply the submaxiilary 
salivary gland and lymph-glands, the neighbouring muscles, and the skin. 

The submental artery, the largest cervical branch of the external maxillary 
artexy, springs from that artery just as it quits the submaxiilary gland : it runs 
forwards upon the Mylohyoideus, below the body of the mandible, and beneath 
the anterior belly of the Digastricus. It supplies the surrounding muscles, and 
anastomoses with the sublingual artery and with the mylohyoid branch of the 
inferior alveolar artery ; at the chin it turns upwards over the inferior border of 
the mandible and divides into a superficial and a deep branch. The superficial 
branch passes between the skin and the Quadratus labii inferioris, and anastomoses 
with the inferior labial artery; the deep branch runs between the muscle and 
the hone, supplies the lip, and anastomoses with the inferior labial and mental 
arteries. 
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The inferior labial artery (inferior coronary artery) arises near the angle of 
the mouth ; it passes upwards and forwards beneath the Triangularis, and, pene- 
trating the Orbicularis oris, runs in a tortuous course near the edge of the lower lip 
between this muscle and the mucous membrane. It supplies the glands, mucous 
membrane and muscles of the lower lip ; and anastomoses with the artery of the 
opposite side, and with the mental branch of the inferior alveolar artery. 

The superior labial artery (superior coronary artery) is larger and more tortuous 
than the inferior. It follows a similar course near the edge of the upper lip, lying 
between the mucous membrane and the Orbicularis oris, and anastomoses with 
the artery of the opposite side. It supplies the upper lip, and gives off a sepal 
branch which ramifies on the lower and front part of the nasal septum, and an alar 
branch which supplies the ala of the nose. 

The lateral nasal branch is derived from the external maxillary artery as that 
vessel ascends along the side of the nose. It supplies the ala and dorsum of the 
nose anastomosing with its fellow, with the septal and alar branches, with the 
dorsal nasal branch of the ophthalmic artery, and with the infra-orbital branch of 
the internal maxillary artery. 

The angular artery is the terminal part of the external maxillary artery ; it 
ascends to the medial angle of the eye, imbedded in the fibres of the angular head 
of the Quadratus labii superioris, and accompanied by the angular vein. On the 
cheek it anastomoses with the infra-orbital artery, and, after supplying the lacrimal 
sac and Orbicularis oculi, ends by anastomosing with the dorsal nasal branch of the 
ophthalmic artery. 

The anastomoses of the external maxillary artery are very numerous, not only 
with the branches of the vessel of the opposite side, but, in the necJc, with the sub- 
lingual branch of the lingual, with the ascending pharyngeal, and with the palatine 
branch of the internal maxillary ; on the face, with the mental branch of the inferior 
alveolar, the transverse facial branch of the superficial temporal, the infra-orbital 
branch of the internal maxillary, and the dorsal nasal branch of the ophthalmic. 

Peculiarities . — The external maxillary artery not infrequently arises in common with 
the lingual artery. It varies in size, and in the extent to which it supplies the face ; it 
occasionally ends as the submental, and not infrequently extends only as high as the angle 
of the mouth or nose. The deficiency is then compensated for by enlargement of one of 
the neighbouring arteries. 

Applied Anatomy . — The passage of the external maxillary artery over the body of 
the mandible would appear to afford a favourable position for the application of pressure 
in cases of haemorrhage from the lips; but such application is useless, except for a very 
short time, on account of the free communication of the artery with its fellow, and with 
numerous branches from different sources. In a wound involving the lip, it is better to 
seize the part between the fingers, and evert it, when the bleeding vessel may be at once 
secured with pressure-forceps. In order to prevent haemorrhage during the removal of 
growths from the lip, the latter should be compressed on either side between the fingers 
and thumb, or by a pair of specially devised clamp -forceps, while the surgeon excises the 
diseased part. In order to stop haemorrhage when the lip has been divided in an opera- 
tion, it is necessary, when closing the wound, to pass the sutures through the cut edge?, 
almost as deep as its mucous surface, because the labial arteries run in the 
layer of the lips; by these means, not only are the cut surfaces more neatly and securely 
adapted to each other, but the possibility of haemorrhage is prevented by including the 
divided artery in the suture. If, on the contrary, the suture be passed through merely 
the cutaneous portion of the wound, haemorrhage occurs into the cavity of the mouth. 
The student should observe that the angular artery ascends on the nasal side of the 
lacrimal sac; in operating for fistula lacrimalis, the sac should always be opened on its 
lateral side, in order to avoid this vessel. 

The external maxillary artery is separated from the lower and hinder part of the tonsil 
by the Constrictor pharyngis superior, and may be wounded in operations in that region. 

The free anastomosis of the branches of the external maxillary artery contributes to 
the success of plastic operations on the face. 

5. The occipital artery (fig. 664) arises from the posterior part of the 
external carotid artery, opposite to the external maxillary artery, and near 
the lower margin of the posterior belly of the Digastricus ; it ends in the 
posterior part of the scalp. 

Relations. — At its origin, it is under cover of the posterior belly of the Digastricus 
and the Stylohyoideus, and the hypoglossal nerve winds round it from behind 
forwards ; higher up, it crosses the internal carotid artery, the internal jugular 
vein, and the vagus and accessory nerves. It next ascends along the lower border of 
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which, lies within the fibrous sac and lines its walls ; it is composed of a single 
layer of flattened cells resting on loose connective tissue. The heart invaginates 
the wall of the serous sac from above and behind, and practically obliterates 
its cavity, the space being a potential one. 

The fibrous 'pericardium forms a flask-shaped bag, the neck of which is 
closed by its continuity with the external coats of the great vessels, while its 
base is attached to the central tendon and to the muscular fibres of the left 
half of the Diaphragm. In some of the lower mammals the base is either 
completely separated from the Diaphragm or joined to it by some loose areolar 
tissue ; in man much of its diaphragmatic attachment consists of loose fibrous 
tissue which can be readily broken down, but over a small area the central 
tendon of the Diaphragm and the pericardium are fused. Above, the fibrous 
pericardium not only blends with the external coats of the great vessels, but 
is continuous with the pretracheal layer of the fascia colli (deep cervical fascia). 
By means of these upper and lower connexions it is securely anchored within 
the thoracic cavity. It is also attached to the posterior surface of the sternum 
by a superior and an inferior sternopericardial ligament ; the superior passing 
to the manubrium, and the inferior to the xiphoid process. 

The vessels receiving prolongations from the fibrous pericardium are: 
the aorta, the superior vena cava, the right and left pulmonary arteries, and 
the four pulmonary veins. The inferior vena cava enters the pericardium 
through the central tendon of the Diaphragm, and receives no covering from 
the fibrous layer. 

The serous pericardium is, as already stated, a closed sac which lines the 
fibrous pericardium and is invaginated by the heart ; it therefore consists 
of a visceral and a parietal portion. The visceral portion, or epicardium, covers 
the heart and the great vessels, and from the latter is continuous with the 
parietal layer which lines the fibrous pericardium. The portion which covers 
the vessels is arranged in the form of two tubes. The aorta and pulmonary 
artery are enclosed in one tube, the arterial mesocardium. The superior and 
inferior venae cavae and the four pulmonary veins are enclosed in a second 
tube, the venous mesocardium , the attachment of which to the parietal layer 
is n -shaped. The cul-de-sac between the limbs of the f\ lies behind the left 
atrium and is known as the oblique sinus , while the passage between the 
venous and arterial mesocardia — i.e. between the aorta and pulmonary artery 
in front and the atria behind — is termed the transverse sinus. 

The ligament of the left vena cava . — Between the left pulmonary artery 
and subjacent pulmonary vein is a triangular fold of the serous pericardium, 
known as the ligament of the left vena cava (vestigial fold of Marshall). It is 
formed by the duplicature of the serous layer over the remnant of the lower 
part of the left duct of Cuvier (left superior vena cava) (p. 127). This vein 
becomes obliterated during foetal life, and remains as a fibrous band stretching 
from the upper part of the left superior intercostal vein to the back of the 
left atrium, where it is continuous with a small vein, the oblique vein of the 
left atrium (oblique vein of Marshall), which opens into the coronary sinus 
(fig. 637). 

The arteries of the pericardium are derived from the internal mammary arteries 
and their musculophrenic branches, and from the descending thoracic aorta ; its 
nerves are derived from the vagus and phrenic nerves, and the sympathetic trunks. 

Applied Anatomy . — Effusion of fluid into the pericardial sac often occurs in acute 
rheumatism or pneumonia, or in patients with chronic vascular and renal disease, embar- 
rassing the heart’s action and giving rise to signs of cardiac distress, su<fh as pallor, a rapid 
and feeble pulse, dyspnoea, and restlessness. On examination, the apical cardiac impulse 
is absent, or replaced by a more extensive indefinite and wavering pulsation ; it may. 
appear to be in the second, third, or fourth left space, and is then not an apex-impulse, 
as Potain has stated, but due to the impact of some portion of the heart- wall nearer its 
base. In children the precordial intercostal spaces may bulge outwards. The most 
striking sign, however, is the great increase in all directions of the precordial dulness on 
percussion. This becomes pear-shaped, the stalk of the pear reaching up to about the 
left sternoclavicular articulation ; the dulness also extends some distance to the right of 
the sternum, particularly in the fifth interspace (Botch). The fluid collects mainly on 
either side of the heart, and below it, especially on the left side, where the Diaphragm can 
yield more readily to pressure than it can on the right. Ewart has drawn attention to the 
presence of a square patch of dulness over the base of the left lung behind, reaching up to 
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The occipital branch passes backwards over the Sternocleidomastoideus to 
the Occipitalis muscle and the scalp above and behind the ear ; it anastomoses 
with the occipital artery. 

7. The superficial temporal artery (fig. 664), the smaller terminal 
branch of the external, carotid artery, begins in the parotid gland, behind the 
neck of the mandible, and crosses over the posterior root of the zygomatic 
process of the temporal bone ; about 5 cm. above this process it divides into 
a frontal and a parietal branch. 

Relations. — As it crosses the zygomatic process, it is covered by the Auricu- 
laris anterior ; it is crossed by the temporal and zygomatic branches of the facial 
nerve and is accompanied by the auriculotemporal nerve, which lies immediately 
behind it. 

It supplies some twigs to the parotid gland, the mandibular joint, and the 
Masseter, and gives of the following branches : 

Transverse facial. Zygomatico-orhital . Frontal. 

Anterior auricular. Middle temporal. Parietal. 

The transverse facial artery (fig. 664) arises from the superficial temporal 
artery before that vessel quits the parotid gland ; it runs forwards through the 
substance of the gland, passes across the Masseter between the parotid duct and 
the zygomatic arch, accompanied by one or two branches of iS:o facial nerve. 
It divides into numerous branches which supply the parotid gland and duct, 
the Masseter, and the skin, and anastomose with the external maxillary, masseteric, 
buccinator, and infra-orbital arteries. 

The anterior auricular branches are distributed to the lobule and anterior portion 
of the 'auricula, and to the external acoustic meatus; they .anastomose with the 
posterior auricular artery. 

The zygoma tico-orbital artery, sometimes a branch of the middle temporal 
artery, runs along the upper border of the zygomatic arch between the two layers 
of the temporal fascia to the lateral angle of the orbit. It supplies branches to 
the Orbicularis oculi, and anastomoses with the lacrimal and palpebral branches 
of the ophthalmic artery. 

The middle temporal artery arises immediately above the zygomatic arch, 
and, perforating the temporal fascia, gives branches to the Temporalis ; it anasto- 
moses with the deep temporal branches of the internal maxillary artery. 

The frontal branch runs tortuously upwards and forwards towards the frontal 
tuberosity ; it supplies the muscles, skin, and pericranium in this region, and 
anastomoses with its fellow of the opposite side, and with the supra-orbital and 
frontal arteries. 

The parietal branch, larger than the frontal, curves upwards and backwards 
on the side of the head, lying superficial to the temporal fascia, and anastomosing 
with its fellow of the opposite side, and with the posterior auricular and occipital 
arteries. 

Applied Avrtov — As the superficial temporal artery crosses the zygomatic process, 
it lies be: a: the skin and fascia, and its pulsations maybe readiiy felt during the 
administration of an anaesthetic, or under circumstances where the radial pulse is not 
available ; it may be easily compressed against the bone in order to check bleeding from 
the tern pom 1 region of the scalp. When a flap is raised from this part of the head, for 
rr cpliinbig. :hr incision should be shaped like a horseshoe, with its convexity upwards r 
so that the flap shall contain the superficial temporal artery, which ensures a sufficient- 
supply of blood. 

8. The internal maxillary artery (figs. 665, 666), the larger terminal 
branch of the external carotid artery, arises behind the neck of the mandible, 
and is at first imbedded in the parotid gland ; it passes forwards between the 
ramus of the mandible and the sphenomandibular ligament, and then runs, 
either upon or beneath the Pterygoideus externus, to the pterygopalatine 
fossa. It may be divided into mandibular, pterygoid, and pterygopalatine- 
portions. 

The first or mandibular portion passes horizontally forwards, between the 
neck of the mandible and the sphenomandibular ligament, -where it lies parallel 
to and a little below the auriculotemporal nerve ; it crosses the inferior alveolar 
nerve along the lower border of the Pterygoideus externus. 
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The second or 'pterygoid portion runs obliquely forwards and upwards under 
cover of the Temporalis, and superficial to the lower head of the Pterygoideus 


Fig. 665. — The right internal maxillary artery. 



Fig. 666. — A plan of the branches of the internal maxillary artery. 



externus ; very frequently it lies beneath the latter muscle between it and 
the branches of the mandibular nerve. 

The third or pterygopalatine portion passes between the upper and lower 
heads of the Pterygoideus externus. and through the pterygomaxillary fissure 

C4*A. TJ 2 
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into the pterygopalatine fossa, where it lies in front of the sphenopalatine 
ganglion. 

The branches of the vessel may be divided into three groups (fig. 666), 
corresponding with its three portions. 


The Branches oe the First or Mandibular Portion oe the 
Internal Maxillary Artery (fig. 666) 

Deep auricular. Middle meningeal. 

Anterior tympanic. Accessory meningeal. 

Inferior alveolar. 

The deep auricular artery, a small branch, often arises in common with the 
anterior tympanic. It ascends in the substance of the parotid gland, behind the 
temporomandibular joint, pierces the cartilaginous or bony wall of the external 
acoustic meatus, and supplies its cuticular lining and the outer surface of the 
tympanic membrane ; it gives a branch to the mandibular joint. 

The anterior tympanic artery, a small branch, ascends behind the mandibular 
joint, and enters the tympanic cavity through the petrotympanic fissure ; it 
ramifies upon the tympanic membrane, and forms a vascular circle around it 
with the stylomastoid branch of the posterior auricular artery ; it anastomoses 
with the artery of the pterygoid canal and with the caroticotympanic branch from 
the internal carotid artery. 

The middle meningeal artery is the largest of the meningeal arteries. It ascends 
between the sphenomandibular ligament and the Pterygoideus externus and between 
the two roots of the auriculotemporal nerve, and enters the cranial cavity 
through the foramen spinosum of the sphenoidal bone ; it then runs forwards 
and lateralwards for a variable distance in a groove on the anterior part of the 
squama of the temporal bone, and divides into an anterior and a posterior branch. 
The anterior branch , the larger, crosses the great wing c f the sphenoidal bone, reaches 
the groove, or canal, in the sphenoidal angle of the parietal bone, and then divides 
into branches which spread out between the dura mater and internal surface of 
the cranium, some passing upwards as far as the vertex, and others backwards to 
the occipital region. The 'posterior branch curves backwards on the squama of the 
temporal bone, and, reaching the squamous border of the parietal bone some distance 
in front of its mastoid angle, divides into branches which supply the posterior part 
of the dura mater and cranium. The branches of the middle meningeal artery 
anastomose with the arteries of the opposite side, and with the anterior and posterior 
meningeal arteries. One branch runs forwards and anastomoses with the recurrent 
meningeal branch of the lacrimal artery ; an enlargement of this anastomosis 
explains the occasional origin of the lacrimal artery from the middle meningeal 
artery. 

The middle meningeal artery gives off the following branches within the cranial cavity : 
1. Numerous small ganglionic branches supply the semilunar ganglion and the roots of the 
trigeminal nerve. 2. A superficial petrosal branch enters the hiatus of the facial canal, 
gives twigs to the facial nerve and the tympanic cavity, and anastomoses with the stylo- 
mastoid branch of the posterior auricular artery. 3. A superior tympanic artery runs in 
the semicanal for the Tensor tympani, and supplies this muscle and the lining membrane 
of the canal. 4. Temporal branches pass through foramina in the great wing of the sphenoid, 
and anastomose in the temporal fossa with the deep temporal arteries. 

Applied Anatomy . — The middle meningeal artery is of considerable surgical impor- 
tance, as it may be torn in fractures of the temporal region of the skull, or, indeed, by 
injuries causing separation of the dura mater from the bone without fracture. The injury 
may be followed by considerable haemorrhage between the bone and dura mater, which pro- 
duces symptoms of compression of the brain, and requires trephining for its relief (p. 723). 
As the compression implicates the motor region of the cortex, paralysis on the opposite 
side of the body forms the prominent symptom of the lesion. The anterior branch of 
this artery lies in a groove or a bony canal on the sphenoidal angle of the parietal bone at 
a point 4 cm. behind the zygomatic process of the frontal bone, and 4*5 cm. above the 
zygomatic arch. From this point it passes upwards and slightly backwards to the sagittal 
suture, lying about 1 *25 to 2 cm. behind the coronal suture. The posterior branch runs 
backwards over the squama of the temporal bone. In order to expose the anterior branch 
of the artery, a point is taken 4 cm. above the zygomatic arch and the same distance behind 
the zygomatic process of the frontal bone. Here the pin of the trephine is to be applied. 
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A horseshoe-shaped flap, measuring 8 cm. in length and transversely, and consisting of all 
the structures of the scalp down to and including the pericranium, is first made, with its 
base just above the zygomatic arch. This flap is reflected and a 2*5 cm. trephine applied. 
After the circle of bone has been removed, the blood-clot is exposed, and gently got rid of, 
and if possible the bleeding point must be found and controlled. 

The accessory meningeal branch may arise from the internal maxillary artery 
or from the middle meningeal artery. It enters the cranial cavity through the 
foramen ovale, and supplies branches to the semilunar ganglion and the dura mater. 

The inferior alveolar artery (inferior dental artery) descends with the inferior 
alveolar nerve to the mandibular foramen on the medial surface of the ramus of 
the mandible. It runs in the mandibular canal, accompanied by the inferior 
alveolar nerve, and, opposite the first, premolar tooth, divides into two branches, 
incisor and mental. The incisor branch is continued forwards below the incisor 
teeth as far as the middle line, where it anastomoses with the artery of the opposite 
side ; the inferior alveolar artery and its incisor branch give off a fe w twigs to the 
mandible, and a series of branches which correspond in number to the roots of the 
teeth ; these enter the minute apertures at the extremities of the roots, and supply 
the pulp of the teeth. The mental branch escapes at the mental foramen, supplies 
the chin, and anastomoses with the submental and inferior labial arteries. Near 
its origin the inferior alveolar artery gives off a lingual branch which descends with 
the lingual nerve and supplies the mucous membrane of the mouth. Before the 
inferior alveolar artery enters the mandibular foramen, it gives off a mylohyoid 
branch which pierces the sphenomandibular ligament, and descends with the 
mylohyoid nerve in the mylohyoid groove on the ramus of the mandible ; it ramifies 
on the superficial surface of the Mylohyoideus and anastomoses with the submental 
branch of the external maxillary artery. 


The Branches of the Second or Pterygoid Portion oe 
the Internal Maxillary Artery (fig. 666) 

Deep temporal. Pterygoid. Masseteric, Buccinator. 

The deep temporal branches, an anterior and a posterior, ascend between the 
Temporalis and the pericranium ; they supply the muscle, and anastomose with 
the middle temporal artery ; the anterior communicates with the lacrimal artery 
by means of small branches which perforate the zygomatic bone and great wing 
of the sphenoidal bone. 

The pterygoid branches, irregular in their number and origin, supply the 
Pterygoidei. 

' The masseteric artery is small and passes with the masseteric nerve behind 
the tendon of the Temporalis, and through the mandibular notch to the deep 
surface of the Masseter. In the substance of that muscle it anastomoses with 
the masseteric branches of the external maxillary artery and with branches of 
the transverse facial artery. 

The buccinator artery is small and runs obliquely forwards with the buccinator 
nerve, between the Pterygoideus internus and the insertion of the Temporalis, to 
the outer surface of the Buccinator, to which it is distributed, anastomosing with 
branches of the external maxillary and infra-orbital arteries. 


The Branches of the Third or Pterygopalatine Portion of 
•the Internal Maxillary Artery (fig. 666) 

Posterior superior alveolar. Pharyngeal. 

Infra-orbital. Artery of the pterygoid canal. 

Descending palatine. Sphenopalatine. 

The posterior superior alveolar artery (posterior dental artery) is given off from 
the internal maxillary artery as that vessel enters the pterygopalatine fossa ; it 
frequently arises in conjunction with the infra-orbital artery. Descending upon 
the infratemporal surface of the maxilla, it divides into branches, some of which 
supply the molar and premolar teeth and the lining of the maxillary sinus, while 
others are continued forwards on the alveolar process to supply the gums. 
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The infra-orbital artery often arises in conjunction with the posterior superior 
alveolar artery. It enters the orbital cavity through the posterior part of the inferior 
orbital fissure, runs along the infra-orbital groove and canal with the infra-orbital 
nerve, and emerges with the nerve on the face through the infra-orbital foramen, 
beneath the infra-orbital head of the Quadratus labii superioris. Whilst in the 
canal, it gives off (a) orbital branches which assist in supplying the Rectus inferior 
and Obliquus inferior and the lacrimal sac, and (h) anterior superior alveolar branches 
which descend through the anterior alveolar canals to supply the upper incisor and 
canine teeth and the mucous membrane of the maxillary sinus. On the face, some 
branches ascend to the medial angle of the orbit and the lacrimal sac, anastomosing 
with the angular branch of the external maxillary artery ; others run towards 
the nose, anastomosing with the dorsal nasal branch of the ophthalmic artery ; 
and others descend between the Quadratus labii superioris and the Caninus, 
and anastomose with the external maxillary, transverse facial, and buccinator 
arteries. 

The remaining branches of the internal maxillary artery arise from that portion 
of the artery which is contained in the pterygopalatine fossa. 

The descending palatine artery descends through the pterygopalatine canal 
with the anterior palatine branch of the sphenopalatine ganglion, and gives off 
two . or three smaller palatine arteries which are transmitted through the lesser 
palatine canals to supply the soft palate and palatine tonsil, and to anastomose 
with the ascending palatine artery. The continuation of the vessel is named 
the greater palatine artery ; it emerges on the oral surface of the palate through 
the greater palatine foramen, runs forwards in a groove near the alveolar border 
of the hard palate to the incisive canal ; its terminal part passes upwards through 
this canal, and anastomoses with a branch of the sphenopalatine artery. Branches 
are distributed to the gums, the palatine glands, and the mucous membrane of the 
roof of the mouth. 

Applied Anatomy . — The position of the descending palatine artery on the hard palate 
should be borne in mind in performing an operation for the closure of a cleft in the hard 
palate, as it is in danger of being wounded, and may give rise to formidable haemorrhage; 
it has even been found necessary to plug the pterygopalatine canal in order to arrest 
the bleeding. 

The pharyngeal branch is very small ; it runs backwards through the pharyn- 
geal canal with the pharyngeal nerve, and is distributed to the roof of the nose and 
pharynx, to the sphenoidal air-sinus, and the auditory tube. 

The artery of the pterygoid canal (Vidian artery), frequently a branch of the 
descending palatine artery, passes backwards along the pterygoid canal with the 
corresponding nerve. It is distributed to the upper part of the pharynx and to 
the auditory tube, and sends into the tympanic cavity a small branch which 
anastomoses with the other tympanic arteries. 

The pharyngeal branch and the artery of the pterygoid canal lie on the medial 
and lateral aspects respectively of the sphenopalatine ganglion, while the trunk of 
the internal maxillary artery is in front of it. 

The sphenopalatine artery is really the terminal part of the internal maxillary 
artery ; it passes through the sphenopalatine foramen into the cavity of the nose, 
at the posterior part of the superior meatus. Here it gives off its posterior lateral 
nasal branches which ramify over the conchse and meatuses, anastomose with the 
ethmoidal arteries and the nasal branches of the descending palatine artery, and 
assist in supplying the frontal, maxillary, ethmoidal, and sphenoidal air-sinuses. 
Crossing the anterior part of the under surface of the sphenoidal bone, the spheno- 
palatine artery ends on the nasal septum as the posterior septal branches, which 
anastomose with the ethmoidal arteries and the septal branch of the superior labia] 
artery ; one branch descends in a groove on the vomer to the incisive canal and 
anastomoses with the terminal ascending branch of the greater palatine artery. 


The Tbiangles of the Neck (fig. 667 ) 

The side of the neck presents a somewhat quadrilateral outline, limited, 
above, by the lower border of the body of the mandible, and a line drawn 
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from the angle of the mandible to the mastoid process ; below, by the upper 
border of the clavicle ; in front, by the middle line of the neck ; behind, by 
the anterior margin of the Trapezius. This space is subdivided by the Sterno- 
eleidomastoideus, which passes obliquely across the neck, from the sternum 
and clavicle below, to the mastoid process and occipital bone above. The 
area in front of this muscle is called the anterior triangle of the neck ; that 
behind it, the 'posterior triangle . 


The Anterior Triangle oe the Neck (fig. 667) 

The anterior triangle of the neck is bounded anteriorly by the middle line 
of the neck, posteriorly, by the anterior margin of the Sternocleidomastoideus ; 
its base, directed upwards, is formed by the lower border of the body of the 
mandible, and a line from the angle of the mandible to the mastoid process : 
its apex is below, at the 
sternum. This triangle is 
subdivided into muscular, 
carotid, submaxillary, and 
suprahyoid triangles. 

The muscular, or in- 
ferior carotid, triangle is 
bounded, in front, by the 
median line of the neck 
from the hyoid bone to 
the sternum; behind and 
below, by the anterior 
margin of the Sternocleido- 
mastoideus ; behind and 
above, by the superior 
belly of the Omohyoideus. 

It is covered by the skin, 
superficial fascia, Platysma, 
and deep fascia, ramifying 
in which are some of the 
branches of the cutaneous 
cervical and supraclavicu- 
lar nerves. Beneath these 
superficial structures are 
the Sternohyoideus and 
Sternothyreoideus, which, 
together with the anterior 
margin of the Sternocleido- 
mastoideus, conceal the lower part of the carotid sheath and its contents. In 
front of the sheath are a few descending filaments from the ansa hypoglossi ; 
behind the sheath are the inferior thyreoid artery, the recurrent nerve, and 
the sympathetic trunk ; and on its medial side, the oesophagus, the trachea, 
the thyreoid gland, and the lower part of the larynx. 

The carotid triangle is limited, behind, by the Sternocleidomastoideus ; 
in front and below, by the superior belly of the Omohyoideus ; and above, by 
the Stylohyoideus and the posterior belly of the Digastricus. It is covered by 
the skin, superficial fascia, Platysma, and deep fascia, ramifying in which are 
branches of the facial and the cutaneous cervical nerves. Its floor is formed 
by parts of the Thyreohyoideus, Hyoglossus, and the Constrictores pharyngis 
rnedius et inferior. When this space is dissected it is seen to contain the 
upper part of the common carotid artery, which divides opposite the superior 
border of the thyreoid cartilage into the external and internal carotid arteries. 
These vessels are overlapped by the anterior margin of the Sternocleido- 
mastoideus. The external and internal carotid arteries lie side by side, the 
external being the more anterior. The following branches of the external 
carotid artery are also met with : the superior thyreoid, running forwards 
and downwards ; the lingual, directly forwards ; the external maxillary, 


Fig. 667. — The triangles of the neck. 
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forwards and upwards ; the occipital, backwards ; and the ascending pharyn- 
geal, directly upwards on the medial side of the internal carotid. The 
veins met with are : the internal jugular, which lies on the lateral side 
of the common and internal carotid arteries ; and veins corresponding to 
the above-mentioned branches of the external carotid artery — viz. ^the 
superior thyreoid, the lingual, common facial, ascending pharyngeal, and 
sometimes the occipital — all of which end in the internal jugular vein. 
The hypoglossal nerve crosses both the internal and external carotid arteries, 
curving round the origin of the occipital artery ; in this position it gives off its 
descending ramus which runs down in front of the carotid sheath. Within 
the sheath, between the common carotid artery and the internal jugular vein, 
and behind both, is the vagus nerve ; behind the sheath, the sympathetic 
trunk. The accessory nerve appears at the lower border of the posterior 
belly of the Digastricus, and descends for a short distance on the lateral side 
of the vessels before it pierces the Sternocleidomastoideus. On the medial 
side of the external carotid artery, below the hyoid bone, is the internal 
branch of the superior laryngeal nerve ; and, still more inferiorly, the 
external branch of the same nerve. The upper portion of the larynx 
and lower portion of the pharynx are also found in the anterior part of this 
triangle. 

The submaxillary, or digastric, triangle is bounded, above, by the 
lower border of the body of the mandible, and a line drawn from its angle 
to the mastoid process ; below, by the posterior belly of the Digastricus and 
the Stylohyoideus ; in front, by the anterior belly of the Digastricus. It 
is covered by the skin, superficial fascia, Platysma, and deep fascia, ramifying 
in which are branches of the facial and cutaneous cervical nerves. Its floor 
is formed by the Mylohyoideus, Hyoglossus, and Constrictor pharyngis superior. 
It is divided into an anterior and a posterior part by the stylomandibular 
ligament. The anterior part contains the submaxillary gland, superficial to 
which is the anterior facial vein, while imbedded in a groove on the posterior 
border of the gland is the external maxillary artery ; beneath the gland, on 
the surface of the Mylohyoideus, are the submental artery and the mylohyoid 
artery and nerve. The posterior part of this triangle contains the external 
carotid artery, which ascends deeply in the substance of the parotid gland ; 
in this triangle the external carotid artery is in front of, and superficial to, 
the internal carotid artery, and is crossed by the facial nerve ; it gives 
off in its course the posterior auricular, superficial temporal, and internal 
maxillary branches : more deeply placed, and separated from the external 
carotid artery by the Styloglossus, the Stylopharyngeus, and the glosso- 
pharyngeal nerve, are the internal carotid artery, the internal jugular vein, 
and the vagus nerve. 

The suprahyoid triangle is limited on either side by the anterior belly 
of the Digastricus; its apex is at the mandible; its base is formed by the 
body of the hyoid bone, and its floor by the Mylohyoidei. It contains one or 
two lymph-glands and some small veins ; the latter unite to form the anterior 
jugular vein. 


The Posterior Triangle oe the Neck (fig. 667) 

The posterior triangle of the neck is bounded, in front, by the Sterno- 
cleidomastoideus ; behind, by the anterior margin of the Trapezius ; its base 
is formed by the middle one-third of the clavicle ; its apex is at the occipital 
bone between the attachments of the Sternocleidomastoideus and the Trapezius. 
The triangle is crossed, about 2-5 cm. above the clavicle, by the inferior belly 
of the Omohyoideus, which divides the triangle into an occipital and a subclavian 
triangle. 

The occipital triangle, the upper and larger division of the posterior 
triangle, is bounded in front by the Sternocleidomastoideus ; behind, by the 
Trapezius; below, by the Omohyoideus. Its floor is formed from above 
downwards by the Splenius capitis, Levator scapulae, and the Scaleni medius 
et posterior ; sometimes a small part of the Semispinalis capitis is seen at the 
apex of the triangle. It is covered by the skin, the superficial and deep fasciae, 
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and by the Platysma below. The accessory nerve pierces the Stemocleido- 
mastoideus and is directed obliquely across the space to the under surface of 
the Trapezius ; while the cutaneous and muscular branches of the cervical 
plexus appear at the posterior border of the Sternocleidomastoideus ; below, 
the supraclavicular nerves and the transverse cervical vessels and the upper 
part of the brachial plexus cross the space. A chain of lymph-glands is also 
found running along the posterior border of the Sternocleidomastoideus, from 
the mastoid process to the root of the neck. 

The subclavian triangle, the lower and smaller division of the posterior 
triangle, is bounded, above, by the inferior belly of the Omohyoideus ; below, 
by the clavicle ; its base is formed by the lower part of the posterior border 
of the Sternocleidomastoideus. Its floor consists of the first rib and the first 
digitation of the Serratus anterior. The size of this triangle varies with the 
extent of attachment of the clavicular portions of the Sternocleidomastoideus 
and Trapezius, and also with the level at which the inferior belly of the 
Omohyoideus crosses the neck ; this level is lowered when the arm is raised, 
and raised when the arm is depressed. The triangle is covered by the skin, 
the superficial and deep fasciae, and the Platysma, and crossed by the supra- 
clavicular nerves. Just above the level of the clavicle, the third portion of 
the subclavian artery curves lateralwards and downwards from the lateral 
margin of the Scalenus anterior, across the first rib, to the axilla. The sub- 
clavian vein lies behind the clavicle, and is not usually seen in this space ; 
but in some cases it rises as high as the artery, and has even been seen to 
accompany that vessel behind the Scalenus anterior. The brachial plexus of 
nerves lies partly above and partly behind the artery, and in close contact 
with it. Passing transversely behind the clavicle are the transverse scapular 
vessels ; and running in the same direction, but at a slightly higher level are 
the transverse cervical artery and vein. The external jugular vein descends 
behind the posterior border of the Sternocleidomastoideus, to terminate in the 
subclavian vein ; it receives the transverse cervical and transverse scapular 
veins, which form a plexus in front of the third part of the subclavian artery, 
and occasionally it is joined by a small vein which crosses the clavicle from the 
cephalic vein. The small nerve to the Subclavius also crosses this triangle 
about its middle, and some lymph-glands are contained within the space. 


The Internal Carotid Artery 

The internal carotid artery (fig. 668) supplies the greater part of the 
cerebral hemisphere, the eye and its appendages, and sends branches to the 
forehead and nose. It begins at the bifurcation of the common carotid artery, 
ascends to the base of the skull, and enters the cranial cavity through the 
carotid canal of the temporal bone. It then runs forward through the cavernous 
sinus, lying in the carotid sulcus on the side of the body of the sphenoidal bone, 
and ends below the anterior perforated substance of the brain by dividing into 
the anterior and the middle cerebral arteries. 

The internal carotid artery may be divided into four portions : cervical, 
petrous, cavernous, and cerebral. 

The cervical portion. — This portion of the internal carotid artery begins at the 
bifurcation of the common carotid artery, at the upper border of the thyreoid cartilage, 
and ascends in front of the transverse processes of the upper three cervical vertebrae 
to the lower end of the carotid canal in the petrous portion of the temporal bone. 
It is comparatively superficial at its commencement, where it is contained in the 
carotid triangle, and lies behind and lateral to the external carotid artery, overlapped 
by the Sternocleidomastoideus, and covered by the deep fascia, Platysma, and 
skin; it then passes beneath the parotid gland, being crossed by the hypoglossal., 
nerve, the Digastricus and Stylohyoideus, and the occipital and posterior auricular 
arteries. Higher up, it is separated from the external carotid artery by the 
Styloglossus and Stylopharyngeus, the tip of the styloid process and the stylo- 
hyoid ligament, the glossopharyngeal nerve and the pharyngeal branch of the 
vagus. It is in relation, behind , with the Longus capitis, the superior cervical 
ganglion of the sympathetic trunk, and the superior laryngeal nerve ; laterally , 
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with the internal jugular vein and vagus nerve, the nerve lying on a plane 
posterior to the artery ; medially, with the pharynx, superior laryngeal nerve, 
and ascending pharyngeal artery. At the base of the skull the glossopharyngeal' 
vagus, accessory, and hypoglossal nerves lie between the internal carotid artery 
and the internal jugular vein. 


Fig. 668. — The right internal carotid and vertebral arteries. 



The petrous portion. — When the internal carotid artery enters the carotid 
canal in the petrous portion of the temporal bone, it first ascends, then curves 
forwards and medialwards, and again ascends as it leaves the canal to enter the 
cranial cavity between the lingula and petrosal process of the sphenoidal bone. The 
artery lies at first in front of the cochlea and tympanic cavity ; it is separated from 
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the latter cavity and from the auditory tube by a thin, bony lamella, which is 
cribriform in the young subject, and often partly . absorbed in old age' Farther 
forwards it is separated from the semilunar ganglion by a thin plate of bone, which 
forms the floor of the trigeminal impression and the roof of the horizontal portion of 
the carotid canal. Frequently this bony plate is more or less deficient, and then 
the ganglion is separated from the artery by fibrous membrane. The artery is 
surrounded by a number of small veins and by the carotid plexus of nerves which 
is derived from the ascending branch of the superior cervical ganglion of the 
sympathetic trunk. 

The cavernous portion of the internal carotid artery is situated in the cavernous 
sinus, but is covered by the lining membrane of the sinus. It at first ascends 
towards the posterior clinoid 


Fig. 669.- 


-An oblique section through the left 
cavernous sinus. 


Internal carotid artery 
Cavernous sinus 


process, then passes forwards 
on the side of the body of the 
sphenoidal bone, and again 
curves upwards on the medial 
side of the anterior clinoid 
process, and perforates the dura 
mater forming the roof of the 
sinus ; occasionally the anterior 
and middle clinoid processes 
form a bony ring round the 
artery. The cavernous portion 
of the artery is surrounded by 
the cavernous plexus of the 
sympathetic, and lateral to it 
are the oculomotor, trochlear, 
ophthalmic and abducent nerves 
(fig. 669). 

The cerebral portion. — After 

perforating the dura mater on the medial side of the anterior clinoid process, the 
internal carotid artery passes between the optic and oculomotor nerves to the 
anterior perforated substance at the medial end of the lateral cerebral fissure,, 
where it divides into the anterior and middle cerebral arteries. 


Oculomotor nerve 
Trochlear nerve 

Ophthalmic nerve- 
Abducent ntt 

Maxillary ns 



Peculiarities . — The length of the internal carotid artery varies with the length of the 
heck, and with the point of bifurcation of the common carotid. It arises occasionally 
from the arch of the aorta, and then has been found on the medial side of the external 
carotid, as far as the larynx, where it crossed behind the latter vessel to reach its usual 
position. The course of the artery, instead of being straight, may be very tortuous. A 
few instances are recorded in which it was absent ; in one of these the common carotid 
artery passed up the neck, and gave off the branches normally arising from the external 
carotid; the cranial portion of the internal carotid artery was replaced by two branches 
of the internal maxillary artery, which entered the skull through <i:o loramc" rotundum 
and foramen ovale, and joined to form a single vessel. 

Applied Anatomy . — The cervical part of the internal carotid artery is very rarely 
wounded. Although the internal carotid lies about 2 cm. behind and lateral to the 
tonsil, instances have occurred in which the artery has been wounded during theopera- 
tion of excision of the tonsil, and fatal haemorrhage has supervened. The incision for 
ligature of the cervical portion of the internal carotid should be made along the anterior 
border of the Sternocleidomastoideus , from the angle of the mandible to the upper border 
of the thyreoid cartilage. The superficial structures being divided, and the Sternocleido- 
mastoideus defined and drawn backwards, the areolar tissue must be carefully separated* 
and the posterior belly of the Digastricus and the hypoglossal nerve sought as guides to 
the vessel. The external carotid should be drawn mediahvards and the Digastricus 
upwards, and the aneurysm needle passed from the lateral to the medial side of the 
vessel 

Obstruction of the internal carotid by embolism or thrombosis may give rise to 
symptoms of cerebral amemia and softening if the collateral circulation is ill-developed. 
The patient suffers from giddiness, with failure of the mental powers; and convulsions* 
coma, or hemiplegia on the opposite side of the body, may be observed. 

Ligature of the internal carotid artery is not so effective as ligature of the common 
carotid artery in diminishing the blood supply to the brain, because blood is conveyed to 
the brain through the anastomoses of the branches of the external carotid artery with the 
branches of the petrous and cavernous parts of the internal carotid artery— especially 
with the ophthalmic artery. 



626 


ANGIOLOGY 


Branches. — -No branches arise from the cervical portion of the internal 
carotid artery. Those from the other portions are : 

w , 7 , f 1. Caroticotympanic. 

From the petrous portion j 2 Pterygoid ^ 

' 3. Cavernous. 

4. Hypophysial. 

From the cavernous portion J 5. Semilunar. 

6. Anterior meningeal. 

7. Ophthalmic. 

c 8. Anterior cerebral. 


From the cerebral portion 


9. Middle cerebral. 

10. Posterior communicating. 

11. Anterior chorioidal. 


1 . The caroticotympanic branch is small ; it enters the tympanic cavity through 
a foramen in the wall of the carotid canal, and anastomoses with the anterior tym- 
panic branch of the internal maxillary artery, and with the stylomastoid artery. 

2. A small, inconstant pterygoid branch passes into the pterygoid canal with the 
nerve of that canal, and anastomoses with a branch of the descending palatine 
artery. 

3. The cavernous branches are numerous small vessels which supply the semi- 
lunar ganglion, and the walls of the cavernous and inferior petrosal sinuses. Some 
of them anastomose with branches of the middle meningeal artery. 

4. The hypophysial branches are one or two minute vessels which supply the 
hypophysis. 

5. The semilunar branches are small vessels supplying the semilunar ganglion. 

6. The anterior meningeal branch is a minute branch which passes over the 
small wing of the sphenoid to supply the dura mater of the anterior cranial fossa ; 
it anastomoses with the meningeal branch from the posterior ethmoidal artery. 

7. The ophthalmic artery (fig. 670) arises from the internal carotid artery, as 
that vessel emerges from the cavernous sinus, on the medial side of the anterior 
clinoid process ; it enters the orbital cavity through the optic foramen, below and 
lateral to the optic nerve . In the orbital cavity it runs for a short distance lateral 
to the optic nerve and medial to the oculomotor, trochlear and abducent nerves, 
the ciliary ganglion, and the "Rectus lateralis. It next crosses obliquely above the 
optic nerve and beneath the Rectus superior to reach the medial wall of the orbit. 
It then runs forwards between the Obliquus superior and the Rectus medialis, and, 
at the medial end of the upper eyelid, divides into two branches, named frontal 
and dorsal nasal . As the artery crosses the optic nerve it is accompanied by the 
nasociliary nerve, and is separated from the frontal nerve by the Rectus superior 
and Levator palpebrae superioris ; the terminal part of the artery is accompanied 
by the infratrochlear nerve. In about 15 per cent, of subjects the ophthalmic 
artery crosses below the optic nerve. 

The branches of the ophthalmic artery are : — 

Central artery of the retina. Long posterior ciliary 

Lacrimal. Anterior ciliary. 

Muscular. Supra- orbital. 

Short posterior ciliary. Posterior ethmoidal. 

Anterior ethmoidal. 

The central artery of the retina, the first and one of the smallest branches of the 
ophthalmic artery, arises from, that vessel whilst it lies beneath the optic nerve. It runs 
for a short distance within the dural sheath of the optic nerve, and about 1 *25 cm. behind 
the eyeball it pierces the inferomedial surface of the nerve, and runs forward in the centre 
of the nerve to the retina. Its mode of distribution is described with the anatomy of 
the eye. 

The lacrimal artery arises from the ophthalmic artery close to the optic foramen, and 
is one of its largest branches ; sometimes it is given off before the ophthalmic artery enters 
the orbit ; occasionally its place is taken by a branch of the middle meningeal artery 
(p. 618). It accompanies the lacrimal nerve along the upper border of the Rectus lateralis, 
and supplies the lacrimal gland. Its terminal branches, escaping from the gland, are 
distributed to the eyelids and conjunctiva: of those supplying the eyelids, two are of 
•considerable size and are named the lateral palpebral arteries ; they run medialwards in 
the upper and lower lids respectively and anastomose with the medial palpebral arteries. 
The lacrimal artery gives off one or two zygomatic branches, one of which passes through 


Anterior meningeal, 
Medial palpebral. 
Frontal. 

Dorsal nasal. 
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the zygomaticotemporal foramen to the temporal fossa, and anastomoses with the deep 
temporal arteries ; another appears on thp cheek through the zygomaticofacial foramen 
and anastomoses with the transverse facial artery. A recurrent meningeal branch passes 
backwards through the lateral part of the superior orbital fissure, and anastomoses with 
.a branch of the middle meningeal artery. 

The muscular branches frequently spring from a common trunk. They consist of a 
superior and an inferior group, and most of them accompany the branches of the oculo- 
motor nerve. The superior group supplies the Levator palpebra? superioris, Recti superior 
et lateralis, and Obliquus superior. The inferior group, more constantly present, is dis- 
tributed to the Recti medialis et inferior, and the Obliquus inferior. This group gives 
off most of the anterior ciliary arteries. Additional muscular branches are derived from 
the lacrimal and supra-orbital arteries, or from the trunk of the ophthalmic artery. 

The ciliary arteries are divisible into three groups, long and short posterior, and anterior. 
The long posterior ciliary arteries, two in number, pierce the posterior part of the sclera 
a short distance from the entrance of the optic nerve, and run forwards, along either side 
of the eyeball, between the sclera 
and chorioid, to the ciliary 

muscle, where each divides into a Fig. 670. — The ophthalmic artery and its branches, 
superior and an inferior branch ; 
these form, together with the 
anterior ciliary arteries, an 
arterial circle, the circulus 
arteriosus major, around the 
■circumference of the iris ; from 
the circulus arteriosus major 
numerous converging branches 
run in the substance of the iris 
to its pupillary margin, where 
they form a second, arterial 
circle, the circulus arteriosus 
minor. The short posterior cili- 
ary arteries, about seven in 
number, pass forwards around 
the optic nerve to the posterior 
part of the eyeball, and, after 
dividing into from fifteen to 
twenty branches, pierce the e 
sclera around the entrance of 
the nerve, and supply the 
•chorioid coat and the ciliary 
processes. The anterior ciliary 
arteries are derived from the 
muscular branches of the oph- 
thalmic artery ; they run to the 
front of the eyeball in company 
with the tendons of the Recti, 
form a vascular zone beneath 
the conjunctiva, and then pierce 
the sclera a short distance from 
the sclerocorneal junction and 
■end in the circulus arteriosus • 
major. 

The supra-orbital artery leaves the ophthalmic artery as that vessel crosses the optic 
nerve. It ascends on the medial borders of the Rectus superior and Levator palpebrse 
superioris, and meeting the supra-orbital nerve accompanies it between the periosteum 
and Levator palpebrse superioris to the supra-orbital foramen ; passing through this 
foramen it divides into a superficial and a deep branch, which supply the skin, muscles, 
and pericranium of the forehead, anastomosing with the frontal artery, the frontal branch 
of the superficial temporal artery, and the artery of the opposite side. In the orbit it sup- 
plies twigs to the Rectus superior and the Levator palpebrse, and sends a branch across 
the pulley of the Obliquus superior, to the parts at the medial palpebral commissure. At 
the supra-orbital foramen it frequently sends a branch to the diploe. 

The posterior ethmoidal artery runs through the posterior ethmoidal canal, supplies 
the posterior ethmoidal air-sinuses, and, entering the cranium, gives off a meningeal branch 
to the (I ism maicr. and nasal branches which descend into the nasal cavity through the 
lamina cribrosa of the ethmoidal bone, to anastomose with branches of the sphenopalatine 
artery. 

The anterior ethmoidal artery accompanies the anterior ethmoidal nerve through the 
anterior ethmoidal canal, supplies the anterior and middle ethmoidal and frontal air- 
Minuses, and, entering the cranium, gives off a meningeal branch to the dura mater, and 
nasal branches ; the latter descend into the nasal cavity with the anterior ethmoidal nerve 
and, running along the groove on the inner surface of the nasal bone, supply twigs to the 
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lateral wall and septum of the nose, and a terminal branch which appears on the dorsum 
of the nose between the nasal bone and the lateral nasal cartilage. 

The anterior meningeal artery is a small branch which passes to the middle cranial 
fossa through the superior orbital fissure and anastomoses with the middle and accessory 
meningeal arteries. 

The medial palpebral arteries, twm in number, superior and inferior, arise from the 
ophthalmic artery below the pulley of the Qbliquus superior. They descend behind the 
lacrimal sac, and enter the eyelids where each divides into two branches which course 
lateralwards along the edges of the tarsal plates, thus forming two arches (a superior and 
an inferior) in each eyelid. The superior palpebral artery anastomoses with the supra- 
orbital artery, and, at the lateral part of the eyelid, with the zygomatico-orbital branch 


Fig. 671. — The arteries at the base of the brain. 



of the temporal artery, and with the upper of the two lateral palpebral branches of the 
lacrimal artery. The inferior palpebral artery anastomoses at the lateral part of the 
eyelid with the lower of the two lateral palpebral branches of the lacrimal artery and with 
the transverse facial artery, and at the medial part of the eyelid with a twig from the 
angular artery ; from this last anastomosis a branch passes to the nasolacrimal duct, 
ramifying in its mucous membrane, as far as the inferior meatus of the nasal cavity. 

The frontal artery, one of the. terminal branches of the ophthalmic artery, leaves the 
orbit at its medial angle, with the supratrochlear nerve, and, ascending on the forehead, 
supplies the skin, muscles, and pericranium, anastomosing with the supra-orbital artery, 
and with the artery of the opposite side. 

The dorsal nasal artery, the other terminal branch of the ophthalmic artery, emerges 
from the orbit between the trochlea of the Obliquus superior and the medial palpebral 
ligament, and, after giving a twig to the upper part of the lacrimal sac, divides into two 
branches, one of which crosses the root of the nose, and anastomoses with the angular 
artery ; the other runs along the dorsum of the nose, supplies its outer surface, and anasto- 
moses with the artery of the opposite side, and with the lateral nasal branch of the external 
maxillary artery. 
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8. The anterior cerebral artery (figs. 671, 672, 673) arises from the internal 
carotid artery, at the medial end of the lateral cerebral fissure. It passes forwards 
and medialwards across the anterior perforated substance, above the optic nerve, 
to the commencement of the longitudinal-fissure. Here it comes into close relation- 
ship with the opposite 
artery and is joined to it 

. by a short transverse 672.--The lateral surface of the cerebral hemisphere, 

trunk (sometimes dupli- showing the areas supplied by the cerebral arteries. In 

cated) named the anterior anc ^ the next figure the areas supplied by the 

arferv anterior cerebral artery are coloured blue ; those by 

communicating j^tery. the middle cerebral artery, pink ; and those by the 
From this point, the two posterior cerebral artery, yellow . 
anterior cerebral arteries 


run side by side in the 
longitudinal cerebral fis- 
sure, curving round the 
genu of the corpus callo- 
sum, and running back- 
wards along the upper 
surface of this structure 
to its posterior extremity, 
where they end by ana- 
stomosing with the pos- 
terior cerebral arteries. 

The anterior communi- 
cating artery has an aver- 
age length of about 4 mm. 
and connects the two 



anterior cerebral arteries across the commencement of the longitudinal fissure ; 
in about 7 per cent, of subjects it is double. It gives off a few anteromedial 
ganglionic branches. 

In its course the anterior cerebral artery gives oh the following branches : 


Anteromedial ganglionic. Anterior. Posterior. 

Inferior. Middle. 


The anteromedial ganglionic branches are a group of small arteries which arise 
from the commencement of the anterior cerebral artery ; they pierce the anterior 
perforated substance and lamina terminalis, and supply the rostrum of the corpus 

callosum, the septum 
pellucidum, and the head 

Fia. 673. — The medial surface of the cerebral hemisphere, 0 f the caudate nucleus, 
showing the areas supplied by the cerebral arteries (see *phe inferior branches two 
description of fig. 672). or ^ in number ; are 

distributed to the orbital 
surface of the frontal lobe, 
where they supply the 
olfactory lobe, gyrus rectus, 
and medial orbital gyms. 
The anterior branches 
supply a part of the 
superior frontal gyrus, and 
send twigs over the 
superomedial border of 
the cerebral hemisphere 
to the superior and middle 
frontal gyri and upper 
part of the anterior central 
gyrus. The middle branches 
supply the corpus callosum, the cingulate gyrus, the medial surface of the superior 
frontal gyrus, and the upper part of the anterior central gyrus. The 'posterior 
branches supply the praecuneus and adjacent lateral surface of the hemisphere. 

9. The middle cerebral artery (figs. 671, 672), the largest branch of the internal 
carotid artery, runs at first lateralwards in the lateral cerebral fissure and then 
backwards and upwards on the surface of the insula, where it divides into branches 
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Ascending parietal. 

Parietotemporal. 

Temporal. 


Fig. 674. — A diagram of the arteries at 
the base of the brain. 


which are distributed to the insula and to the lateral surface of the cerebral 
hemisphere. 

The branches of this vessel are the 

Anterolateral ganglionic. 

Inferior lateral frontal. 

Ascending frontal. 

The anterolateral ganglionic branches comprise a group of small arteries which 
arise from the commencement of the middle cerebral artery and enter the substance 
of the brain through the anterior perforated substance.* They are arranged in two 
sets : one, the medial striate , ascends through the inner segments of the lentiform 
nucleus, and supplies it, the caudate nucleus, and the internal capsule ; the other, 
the lateral striate , ascends through the outer segment of the lentiform nucleus, and 
supplies the caudate nucleus. One artery of this group is larger than the rest, and 
of special importance, as being the artery in the brain most frequently ruptured ; 
it has been termed by Charcot the £ artery of cerebral haemorrhage.’ It ascends 
between the lentiform nucleus and the external capsule, and ends in the caudate 

nucleus. The inferior lateral frontal \ supplies 
the inferior frontal gyrus and the lateral 
part of the orbital surface of the frontal 
lobe. The ascending frontal supplies the 
anterior central gyrus. The ascending 
'parietal is distributed to the posterior central 
gyrus and the lower part of the superior 
parietal lobule . The parietotemporal supplies 
the supramarginal and angular gyri, and the 
posterior parts of the superior and middle 
temporal gyri. The temporal branches , two 
or three in number, are distributed to the 
lateral surface of the temporal lobe. 

10. The posterior communicating artery 
(figs. 671, 674) runs backwards from the 
internal carotid above the oculomotor nerve, 
and anastomoses with the posterior cerebral,, 
a branch of the basilar artery. It is 
usually a small vessel, but is occasionally so 
large that the posterior cerebral may be con- 
sidered as arising from the internal carotid 
rather than from the basilar. It is 
frequently larger on one side than on the 
other. From its posterior half are given 
off several small posteromedial ganglionic 
branches , which, with similar vessels from 
the posterior cerebral artery, pierce the 
posterior perforated substance and supply 
the medial surfaces of the thalami and 
the walls of the third ventricle. 

1 1 . The anterior chorioidal artery, a small 
but constant branch, arises from the internal 
carotid, near the posterior communicating 
artery. Passing backwards and lateral- 

wards between the uncus and the cerebral peduncle, it enters the inferior horn, 
of the lateral ventricle through the chorioidal fissure and ends in the chorioid 
plexus. It is distributed to the hippocampus, fimbria, tela chorioidea of the third, 
ventricle, and chorioid plexus. 

The arterial circle of Willis. — A considerable part of the brain is supplied 
by the two vertebral arteries (p. 636), and a remarkable anastomosis, named 
the arterial circle of Willis, exists between these vessels and the two internal 
carotid arteries. This circle is situated in the cisterna interpeduncularis at 
the base of the brain, and encloses the optic chiasma and the structures in the 
interpeduncular fossa (p. 842). It is formed as follows : in front, the two 

* Consult an article on ‘The basal arteries of the forebrain’ by Joseph L. Shellshear, Journal 
of Anatomy, vol. lv. 1920. 



A.L. Anterolateral ; A.M. Anteromedial ; P.L. 
Posterolateral ; P.M. Posteromedial ganglionic 
branches. 
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anterior . cerebral arteries are joined to one another by the anterior com- 
municating artery ; behind, the basilar artery (formed by the union of the 
vertebral^ arteries) divides into the two posterior cerebral arteries, each of 
which is joined to the internal carotid artery of the same side by the posterior 
communicating artery (fig. 674). 


THE ARTERIES OF THE BRAIN 

The mode of distribution of the vessels of the brain has an important bearing upon 
a considerable number of the pathological lesions which may occur in this part "of 'the 
nervous system. 

The arteries which supply the brain give origin to two systems of vessels. One of these 
is named the ganglionic system, and its vessels supply the thalami and corpora striata ; 
the other is the cortical system, and its vessels ramify in the pia mater and supply the 
cortex and subjacent brain-substance. These two systems are independent of one another 
and do not communicate at any point of their peripheral distribution, and there is between 
the parts supplied by them a borderland of diminished nutritive activity where, it is said, 
softening of the brain is especially liable to occur. 

The ganglionic system. — All "the vessels of this system are given off from the circle of 
Willis (p. 630), or from the vessels close to it. They form" six principal groups: d) 
an anteromedial group, derived from the anterior cerebral and anterior communicating 
arteries ; (n) a posteromedial group, from the posterior cerebral and posterior communi- 
cating arteries ; (in and iv) right and left anterolateral groups, from the middle cerebral 
arteries ; and (v and vi) right and left posterolateral groups, from the posterior cerebral 
arteries after they have wound round the cerebral peduncles. The vessels of the ganglionic 
system are larger than those of the 'cortical system, and are known as end arteries or 
terminal arteries — that is to say, vessels which from their origin to their termination 
neither supply nor receive any anastomotic branch, so that, through any one vessel only 
a limited area of the thalamus or corpus striatum can be injected. 

The cortical system. — The vessels of this system are the terminal branches of the 
anterior, middle, and posterior cerebral arteries. They divide in the substance of the 
pia mater, give off branches which penetrate the brain-cortex perpendicularly, and are 
divisible into two classes, long and short. The long or medullary arteries pass through 
the grey substance and penetrate the subjacent white substance to the depth of 3 or 4 cm., 
without intercommunicating otherwise than by very fine capillaries, and thus constitute 
so many independent small systems. The short vessels are confined to the cortex, where 
they form with the long vessels a compact network in the middle zone of the grey sub- 
stance, the outer and inner zones being sparingly supplied with blood. The vessels of 
the cortical system are not so strictly ‘ terminal 3 as those of the ganglionic system, but 
they approach this type very closely, so that injection of one area from the vessel of another 
area, though possible, is difficult, and only effected through vessels of small calibre ; 
obstruction of one of these vessels may therefore produce softening in a limited area of the 
brain cortex. 


THE ARTERIES OF THE UPPER EXTREMITY 

The artery which supplies the upper extremity runs as a single trunk as 
far as the elbow ; but is differently named, according to the regions 
it traverses. From its origin to the outer border of the first rib it is termed 
subclavian ; from the outer border of the first rib to the lower border of the 
tendon of the Teres major, it is named axillary ; and from the lower border of 
the Teres major to a point opposite the neck of the radius it is termed brachial . 


The Subclavian Arteries (fig. 675) 

The right subclavian artery arises from the innominate artery, the left 
from the arch of the aorta. The vessels, therefore, in the first parts of their 
courses, differ in length, direction, and relation with neighbouring structures. 

To facilitate description, each subclavian artery is divided into three parts ; 
the first extends from the origin of the vessel to the medial border of the 
Scalenus anterior, the second lies behind this muscle, and the third runs from 
the lateral margin of the muscle to the outer border of the first rib, where it 
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becomes the axillary artery. The first portions of the two vessels differ from 
•one another in their origin, course and relations, and therefore require separate 
descriptions. The relations of the second and third parts are almost alike 
on the two sides of the neck. 


The First Part of the Right Subclavian Artery (figs. 668, 675) 

The first part of the right subclavian artery arises from the innominate 
artery, behind the upper part of the right sternoclavicular articulation, and 
passes upwards and lateralwards to the medial margin of the Scalenus anterior. 
It ascends, on an average, about 2 cm. above the clavicle, but the height it 
reaches varies considerably in different cases. 

Relations. — In front of the artery are the skin, superficial fascia, Platysma, . 
anterior supraclavicular nerves, deep fascia, the clavicular origin of the Sterno- 
cleidomastoideus, the Sternohyoideus, and Sternothyreoideus. It is crossed by 
the internal jugular and vertebral veins, by the vagus nerve and the cardiac branches 
of the vagus and sympathetic ; the subclavian loop of the sympathetic trunk 
encircles the vessel. The anterior jugular vein is directed lateralwards in front of 
the artery, but is separated from it by the Sternohyoideus and Sternothyreoideus. 
Below and behind the artery are the pleura and the apex of the lung ; behind the 
artery are the sympathetic trunk, the Longus colli and the first thoracic vertebra. 
The right recurrent nerve winds round the lower and posterior part of the vessel. 


The First Part oe the Left Subclavian Artery (figs. 655, 658, 659) 

The first part of the left subclavian artery arises from the arch of the 
aorta, behind the left common carotid, and at the level of the upper border of 
the fourth thoracic vertebra ; it ascends to the root of the neck and then 
arches lateralwards to the medial border of the Scalenus anterior. 

Relations.— -It is in relation, in front, with the left vagus, cardiac, and phrenic 
nerves, the left common carotid artery, the left internal jugular and vertebral veins 
and the beginning of the left innominate vein, and is covered by the Sternothyreoi- 
deus, Sternohyoideus, and Sternocleidomastoideus ; behind, it is in relation with 
the oesophagus, thoracic duct, left recurrent 'nerve, inferior cervical ganglion of 
the sympathetic trunk, and Longus colli ; higher up, however, the oesophagus and 
thoracic duct lie to its right side, the latter ultimately arching over the vessel to 
join the angle of union between the subclavian and internal jugular veins. Medial 
to it are the oesophagus, trachea, thoracic duct, and left recurrent nerve ; lateral 
to it, the left pleura and lung. 


The Second and Third Parts of the Subclavian Artery (fig. 675) 

The second portion of the subclavian artery lies behind the Scalenus 
anterior ; it is very short, and forms the highest part of the arch described 
by the vessel. 

Relations. — In front of it are the skin, superficial fascia, Platysma, deep 
■cervical fascia, Sternocleidomastoideus, and Scalenus anterior. On the right side 
of the neck the phrenic nerve is separated from the second part of the artery by 
the Scalenus anterior, while on the left side it crosses the first part of the artery 
■close to the medial edge of the muscle. Behind and below the vessel are the pleura 
and lung ; above, the brachial plexus of nerves. The subclavian vein lies below 
and in front of the artery, separated from it by the Scalenus anterior. 

The third portion of the subclavian artery runs downwards and lateral- 
wards from the lateral margin of the Scalenus anterior to the outer border of 
1}he first rib, where it becomes the axillary artery. This is the most superficial 
portion of the vessel, and is contained in the subclavian triangle (p. 623). 

Relations. — In front of it are the skin, the superficial fascia, the Platysma, the 
•supraclavicular nerves, and the deep cervical fascia. The external jugular vein 
crosses its medial part and receives the transverse scapular, transverse cervical, 
.and anterior jugular veins, which frequently form a plexus in front of the artery. 
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interposed ; higher up, the larynx and pharynx. Lateral to the artery are the 
internal jugular vein and vagus nerve. 

At the lower part of the neck, the right recurrent nerve crosses obliquely behind 
the artery ; the right internal jugular vein diverges from the artery, but the left 
approaches and often overlaps the lower part of "the artery. Below the level of 


Pig. 660. — A superficial dissection of the right side of the neck, showing the 
carotid and subclavian arteries. 



the sixth cervical vertebra the left common carotid artery is in relation posteriorly 
with the vertebral artery, the cervical part of the thoracic duct crossing between 
the two vessels. 

Peculiarities . — In about 12 per cent, of subjects the right common carotid artery arises 
above the level of the upper border of the sternoclavicular articulation. It may arise as 
a separate branch from the arch of the aorta, or in conjunction with the left carotid. The 
left comtixon carotid artery varies in its origin more frequently than the right. In, the 
majority of abnormal cases it arises with the innominate artery ; if that artery be absent, 
the two, carotids arise usually by a single trunk. It is rarely joined with the left subclavian,, 
excepMn cases of transposition of the aortic arch. 
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the right side, usually behind the trachea, oesophagus, and right carotid, sometimes between 
the oesophagus and trachea, to the upper border of the first rib, whence it follows its ordinary 
course. 

Occasionally the subclavian artery perforates the Scalenus anterior ; very rarely it 
passes in front of that muscle. Sometimes the subclavian vein passes with the artery 
behind the Scalenus anterior. The artery may ascend as high as 4 cm. above the clavicle 
or may only reach the level of the upper border of the bone. 

The left subclavian is occasionally joined at its origin with the left carotid. It is more 
deeply placed than the right subclavian in the first part of its course, and, as a rule, does 
not reach quite as high a level in the neck. 

The posterior border of the Sternoeleidomastoideus corresponds closely to the lateral 
border of the Scalenus anterior, so that the third portion of the artery, the part most 
accessible for operation, lies immediately lateral to the posterior border of the Sterno- 
cleidomastoideus. 

Applied Anatomy. — An aneurysm may form on any part of the subclavian artery, 
except the intra thoracic portion of the left vessel, which is said never to be the seat of 
aneurysm. The most common site is the third portion (especially on the right side). 
In this situation it may cause pressure on the brachial plexus, producing pain and numb- 
ness in the arm and fingers, with loss of power or paralysis of the muscles of these parts. 
OEdema of the arm may result from pressure on the subclavian vein. The external 
jugular vein may become distended and varicose. The treatment is unsatisfactory, since 
proximal ligature cannot be undertaken with much chance of success ; the best treatment 
is excision of the sac. In aneurysm of the first portion of this artery there is oedema 
of the head and face, with lividity, congestion of the brain, and semiconsciousness from 
pressure on the innominate veins as they enter the chest ; and spasmodic action of the 
Diaphragm from pressure on the phrenic nerve. The collateral circulation is so good 
that blocking of the subclavian artery by embolism or thrombosis often fails to give rise 
to any striking signs or symptoms, beyond occasional pains in the neck and shoulder and 
some degree of weakness and wasting in the muscles of the arm. 

Compression of the subclavian artery may be required to control haemorrhage, and 
can be effectually applied in one situation only, viz. where the artery passes across the 
upper surface of the first rib. In order to compress the vessel in this situation, the 
shoulder should be depressed, and the surgeon grasping the side of the neck should press 
with his thumb in the angle formed by the posterior border of the Sternoeleidomastoideus 
with the upper border of the clavicle, downwards, backwards, and medialwards against 
the rib ; if from any cause the shoulder cannot be sufficiently depressed, pressure may be 
made from before backwards, so as to compress the artery against the Scalenus medius 
and transverse process of the seventh cervical vertebra. In appropriate cases, a pre- 
liminary incision may be made through the cervical fascia, and the finger may be pressed 
down directly upon the artery. 

In cases of through -ar.d - th rm: gh gunshot wounds about the clavicle the formation of 
an arteriovenous a*mur\sm. r direc:. communication between the subclavian artery and 
some neighbouring vein, is not rare. This enables arterial blood at high pressure to 
escape into the vein; the vein is distended thereby, with the production of a pulsatile 
swelling that can be felt above or below the clavicle. In addition, a thrill can be felt 
and a loud rushing murmur can be heard in the neighbourhood of the swelling; both 
thrill and murmur are continuous, but more forcible during c.-uviiae systole. Not infre- 
quently these arteriovenous aneurysms call for relief by operation. 

Ligature of the subclavian artery may be required in cases of wounds, or of aneurysm 
in the axilla, or in cases of aneurysm on the cardiac side of the point of ligature. The 
vessel is also ligatured as a preliminary measure to the complete interscapulothoracic 
amputation of the upper extremity, in which case the transverse scapular and transverse 
cervical arteries may, if found, be ligatured at the same time, making the ‘ fore-quarter ’ 
amputation an almost bloodless procedure. 

The third part of the artery is that which is most favourable for an operation, on 
account of its being comparatively superficial and most remote from the origin of the 
large branches. In those cases where the clavicle is not displaced, this operation may be 
performed with comparative facility; but where the clavicle is pushed up by a large 
aneurysmal tumour in the axilla, the artery lies at a great depth from the surface, and 
this materially increases the difficulty. Under these circumstances, it becomes a matter 
of importance to consider the height to which this vessel reaches above the bone. In 
ordinary cases, its arch is about 1*25 cm. above the clavicle, occasionally as high as 
4 cm., and sometimes so low as to be on a level with its upper border. If the clavicle 
be displaced, these variations will necessarily make the operation more or less difficult, 
according as the vessel is less or more accessible. 

The procedure in the operation of tying the third portion of the subclavian artery (fig. 
662, d) is as follows : The patient being placed on a table in the supine position, with 
the head drawn over to the opposite side, and the shoulder depressed as -much as possible, 
the skin should he pulled downwards over the clavicle, and an incision made through it, 
upon that bone, from, the anterior border of the Trapezius to the posterior border of the 
Sternoeleidomastoideus. The object in drawing the skin downwards is to avoid any risk 
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of wounding the external jugular vein, which perforates the deep fascia above the clavicle, 
and cannot be drawn downwards with the skin. The soft parts are allowed to glide up, 
and the cervical fascia is divided ; if the interval between the Trapezius and Sternocleido- 
mastoideus be insufficient, a portion of one or both may be divided. The external jugular 
vein will now be seen towards the medial side of the wound ; this and the transverse 
scapular and transverse cervical veins which end in it should be held aside. If any large 
vein be at all in the way and exposed to injury, it should be tied in two places and divided. 
The transverse scapular artery should be avoided, and the Omohyoideus held aside if 
necessary. In the space beneath this muscle a deep layer of fascia and some connective 
tissue are divided, the lateral margin of the Scalenus anterior muscle felt for, and the 
finger being guided by it to the first rib, the pulsation of the subclavian artery will be 
felt as it passes over the rib. The sheath of the vessels having been opened, the aneurysm 
needle may then he passed around the artery from above downwards and medialwards so 
as to avoid including the lowest trunk of the brachial plexus 'which lies behind the artery 
on the first rib. If the clavicle be so raised by the tumour that the application of the 
ligature cannot be effected in this situation, the artery may be tied above the first rib, or 
even behind the Scalenus anterior. 

The second part of the subclavian artery, the portion which rises highest in the neck, 
has been considered favourable for the application of the ligature when it is difficult to tie 
the artery in the third part of its course. There are, however, many objections to the 
operation in this situation. It is necessary to divide the Scalenus anterior, upon which 
lies the phrenic nerve, and at the medial side of which is situated the internal jugular 
vein; and a wound of either of these structures might lead to the most dangerous 
consequences. Again, the artery is in contact, below, with the pleura, which must also 
be avoided; and, lastly, the proximity of so many of its large branches arising medial to 
this point is a further objceucu Ac operation. In eases, however, where the sac of an 
axillary aneurysm encroaches on the neck, it may be necessary to divide the lateral half 
or two-thirds of the Scalenus anterior, so as to place the ligature on the vessel at a greater 
distance from the sac. The operation is performed exactly in the same way as a ligature 
of the third portion, until the Scalenus anterior is exposed, when it is to be divided on 
a director (never to a greater extent than its lateral two-thirds), and it immediately 
retracts. This is therefore merely an extension of the operation for ligature of the third 
portion of the vessel. 

In those cases of aneurysm of the axillary or subclavian artery which encroach upon 
the lateral portion of the Scalenus anterior to such an extent that a ligature cannot be 
applied in that situation, it may be deemed advisable, as a last resource, to tie the first 
portion of the subclavian artery. On the left side, this operation is almost impracticable ; 
the great depth of the artery from the surface, its intimate relation with the pleura, and 
its close proximity to the thoracic duct and to so many important veins and nerves, 
present a series of difficulties which it is next to impossible to overcome. On the right 
side, the operation is practicable, the main difficulty being the smallness of the interval 
which usually exists between the commencement of the vessel and the origin of the 
nearest branch. The operation is essentially similar to that described on p. 603 for 
ligature of the innominate artery. The exact position of the vagus, recurrent, and 
phrenic nerves and the sympathetic trunk should be borne in mind, and the ligature 
should bo applied near the origin of the vertebral, in order to afford as much room as 
possible mi: iim Arm a: ion of a coagulum between the ligature and the origin of the vessel. 
It should be remembered that the right subclavian artery is occasionally deeply placed in 
the first part of its course, when it arises from the left side of the aortic arch, and passes 
in such cases behind the oesophagus, or between it and the trachea. 

Collateral Circulation . — After ligature of the third part of the subclavian artery, the 
collateral circulation is established^ mainly by three sets of vessels, thus described in 
a dissection : 

1. A posterior set, consisting of the transverse scapular artery and the descending 
ramus of the transverse cervical branch of the subclavian, anastomosing with the sub- 
scapular from the axillary. 

2. A medial set, produced by the connexion of the internal mammary on the one hand, 
with the arteria intercostalis suprema and the lateral thoracic and subseapular arteries 
on the other. 

8. A middle or axillary set, consisting of a number of small vessels derived from 
branches of the subclavian and, passing through the axilla, terminating either in the 
axillary artery, or some of its branches. This last set presented most conspicuously 
the peculiar character of newly formed or, rather, dilated arteries, being excessively 
■tortuous, and forming a complete plexus. 

The chief agent in the restoration of the axillary artery below the aneurysm was the 
■subscapular artery, which communicated freely with the internal mammary, transverse 
scapular, and descending ramus of the transverse cervical arteries of the subclavian, 
from all of which it received so great an influx of blood as to dilate it to three times its 
■natural size.* 

* Guy's Hospital Reports, vol. i. 1836. Case of axillary aneurysm, in which Aston Key had 
tied the subclavian artery at the lateral edge of the Scalenus anterior, twelve years previously. 
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When a ligature is applied to the first part of the subclavian artery, the collateral 
circulation is carried on by the following anastomoses : 1, between the superior and 
inferior thyreoids; 2, the two vertebrals; 3, the internal mammary with the inferior 
epigastric and the aortic intercostals ; 4, the costocervical with the aortic intercostals ; 
5, the a. profunda cervicalis with the dc-cendincr branch of the occipital; 6, the scapular 
branches of the thyrecccrvioa! tv;: h vi: :he b: :-:iches of the axillary; and 7, the thoracic 
branches of rhc- axillary with the aortic intercostals. 

Branches. — The branches of the subclavian artery are : 

Vertebral. Thyreocervical. 

Internal mammary. Costocervical. 

On the left side of the neck all four branches generally rise from the first 
portion of the artery ; on the right side the costocervical trunk usually springs 
from the second portion. On both sides, the first three branches originate 
close together at the medial border of the Scalenus anterior. 

1. The vertebral artery (fig. 668) arises from the upper and posterior 
part of the first portion of the subclavian artery. It ascends through the 
foramina in the transverse processes of the upper six cervical vertebrae,* winds 
behind the superior articular process of the atlas, enters the skull through the 
foramen magnum, and, at the lower border of the pons, unites with the vessel 
of the opposite side to form the basilar artery. 

Relations. — The vertebral artery may be divided into four parts. The first 
fart runs upwards and backwards between the Longus colli and the Scalenus anterior 
and behind the common carotid artery. In front of it are the internal jugular and 
vertebral veins, and it is crossed by the inferior thyreoid artery ; the left vertebral 
artery is crossed also by the thoracic duct. Behind it are the transverse process of 
the seventh cervical vertebra, the sympathetic trunk and its inferior cervical ganglion. 
The second fart ascends through the foramina transversaria of the upper six cervical 
vertebrae, and is surrounded by a plexus of nerves derived from the inferior cervical 
sympathetic ganglion, and by a plexus of veins which unite to form the vertebra] 
vein at the lower part of the neck. It lies in front of the trunks of the cervical 
nerves, and pursues an almost vertical course as far as the transverse process of 
the epistropheus, through which it runs upwards and lateralwards to the foramen 
transversarium of the atlas. The third fart issues from the latter foramen on 
the medial side of the Rectus capitis lateralis, and curves backwards behind the 
superior articular process of the atlas, the anterior ramus of the first cervical nerve 
being on its medial side ; it then lies in the groove on the upper surface of the 
posterior arch of the atlas, and enters the vertebral canal by passing beneath the lower 
arched border of the posterior atlanto-occipital membrane. This part of the 
artery is covered by the Semispinalis capitis and is contained in the suboccifital 
triangle , which is bounded by the Rectus capitis posterior major, the Obliquus 
superior, and the Obliquus inferior. The posterior division of the first cervical 
nerve lies between the artery and the posterior arch of the atlas. The fourth fart 
pierces the dura mater and the arachnoid membrane, ascends in front of the roots 
of the hypoglossal nerve, and inclines medialwards to the front of the medulla 
oblongata, where, at the lower border of the pons, it unites with the vessel of the 
opposite side to form the basilar artery. 

The branches of the vertebral artery may be divided into two sets — those given 
off in the neck, and those within the cranium. 

Cervical branches . Cranial branches . 

Spinal. Meningeal. 

Muscular. Posterior spinal. 

Anterior spinal. 

Posterior inferior cerebellar. 

Medullary. 

Spinal branches enter the vertebral canal through the intervertebral foramina,, 
and each divides into two branches. Of these, one passes along the roots of the- 
nerves to supply the medulla spinalis and its membranes, anastomosing with the 
other arteries of the medulla spinalis ; the other divides into an ascending and 

* The vertebral artery sometimes enters the foramen in the transverse process of the fifth 
vertebra, and has been seen entering that of the seventh vertebra. 
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a descending branch, which unite with similar branches from the arteries above 
and below, so that two lateral anastomotic chains are formed on the posterior 
surfaces of the bodies of the vertebrae, near the attachment of the pedicles. From 
these anastomotic chains branches are supplied to the periosteum and the bodies 
of the vertebrae, and others communicate with similar branches from the opposite 
side ; from these communications small twigs arise which join similar branches 
above and below, to form a central anastomotic chain on the posterior surfaces 
of the bodies of the vertebrae. 

Muscular branches arise from the vertebral artery as it curves round the superior 
articular process of the atlas. They supply the deep muscles of the neck and 
anastomose with the occipital artery, and the ascending and deep cervical 
arteries. 

One or two meningeal branches spring from the vertebral artery opposite the 
foramen magnum, ramify between the bone and dura mater in the cerebellar fossa, 
and supply the falx cerebelli. 

The posterior spinal artery arises from the vertebral artery at the side of the 
medulla oblongata, but is frequently derived from the posterior cerebellar artery. 
It passes backwards, and then descends behind the posterior roots of the spinal 
nerves, and is reinforced by a succession of small branches, which arise from the 
vertebral, ascending cervical, intercostal and lumbar arteries, and enter the vertebral 
canal through the intervertebral foramina ; by means of these it is continued 
to the lower part of the medulla spinalis, and to the cauda equina. Branches 
from the posterior spinal arteries form a free anastomosis round the posterior roots 
of the spinal nerves, and communicate with the vessels of the opposite side. Year 
its origin each posterior spinal artery gives off an ascending branch, which ends at 
the side of the fourth ventricle. 

The anterior spinal artery is a small branch, which arises near the termination 
of the vertebral artery ; it descends in front of the medulla oblongata and unites 
with its fellow of the opposite side near the level of the lower end of the olive of 
the medulla oblongata. The single trunk, thus formed, descends on the front of 
the medulla spinalis, and is reinforced by a succession of small branches which enter 
the vertebral canal through the intervertebral foramina ; these branches are derived 
from the vertebral, the ascending cervical, intercostal, and lumbar arteries. They 
unite, by means of ascending and descending branches, to form a single anterior 
median artery, which extends as far as the lower part of the medulla spinalis, and 
is continued as a slender twig on the filum terminale. This vessel is placed in the 
pia mater along the anterior median fissure ; it supplies that membrane, and 
the substance of the medulla spinalis, and sends off branches at its lower part to 
he distributed to the cauda equina. Branches pass from the anterior spinal 
arteries and from the beginning of the trunk formed by their union to the medulla 
oblongata. 

The posterior inferior cerebellar artery (fig. 671) is the largest branch of the 
vertebral artery, hut is not infrequently absent. It arises near, and winds backwards 
round, the lower end of the olive of the medulla oblongata ; it then ascends behind 
the roots of the glossopharyngeal and vagus nerves to the under surface of the 
cerebellum, where it divides into a medial and a lateral branch. The medial branch 
runs backwards to the notch between the hemispheres of the cerebellum, while the 
lateral supplies the under surface of the hemisphere, as far as its lateral border, 
where it anastomoses with the anterior inferior cerebellar and the superior cerebellar 
branches of the basilar artery. Branches supply the medulla oblongata and the 
chorioid plexus of the fourth ventricle. A branch of this artery ascends between 
the biventra] lobe and the tonsil of the cerebellum to supply the dentate nucleus 
of the cerebellum (Shellshear*). 

The medullary arteries are several minute vessels which spring from the vertebral 
and its branches, and are distributed to the medulla oblongata. 

The basilar artery (figs. 671, 674), so named from its position at the base of the 
skull, is formed by the junction of the two vertebral arteries ; it extends from the 
lower to the upper border of the pons, and is contained within the cisterna pontis. 
It lies in a shallow, median groove on the ventral surface of the pons. It is placed 
between the two abducent nerves at the lower border, and between the two oculo- 
motor nerves at the upper border, of the pons, where it divides into the two posterior 
cerebral arteries. 

* J. L. Shellshear, Lancet , May 27th, 1022. 
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Its branches, on either side, are the following : 

Pontine. Anterior inferior cerebellar. 

Internal auditory, Superior cerebellar. 

Posterior cerebral. 

The pontine branches are a number of small vessels which come off from the front 
and sides of the basilar artery, and supply the pons and adjacent parts of the brain; * 

The internal auditory artery, a long slender branch, may arise from the lower 
part of the basilar artery, but is more often derived from the anterior inferior cere- 
bellar artery ; it accompanies the acoustic nerve through the internal acoustic 
meatus and is distributed to the internal ear. 

The anterior inferior cerebellar artery arises from the lower part of the basilar 
artery. It runs backwards and lateralwards, usually ventral to the abducent nerve, 
and then between the pons and the facial and acoustic nerves, to the anterior part 
of the under surface of the cerebellum, where it anastomoses with the posterior 
inferior cerebellar branch of the vertebral artery. A few branches are supplied by 
the anterior inferior cerebellar artery to the lower and lateral parts of the pons, and 
sometimes to the upper part of the medulla oblongata. 

The superior cerebellar artery arises near the termination of the basilar. It 
passes lateralwards immediately below the oculomotor nerve which separates it 
from the posterior cerebral artery, winds round the cerebral peduncle close to and 
below the trochlear nerve, and, arriving at the upper surface of the cerebellum, 
divides into branches which ramify in the pia mater and anastomose with those 
of inferior cerebellar arteries. Branches are given to the pons, the pineal body, 
the anterior medullary velum, and the tela chorioidea of the third ventricle. 

The posterior cerebral artery (figs. 671, 672, 673), frequently double, is larger 
than the superior cerebellar artery, from which it is separated near its origin by 
the oculomotor nerve, and on the side of the mesencephalon by the trochlear nerve. 
Passing lateralwards, parallel to the superior cerebellar artery, and receiving the 
posterior communicating branch from the internal carotid artery, it winds round 
the cerebral peduncle, and reaches the tentorial surface of the cerebrum, where it 
breaks up into branches for the supply of the temporal and occipital lobes. 

The branches of the posterior cerebral artery are divided into two sets, 
ganglionic and cortical : 

/Posteromedial. f Anterior temporal. 

Ganglionic i Posterior chorioidal. n 7 I Posterior temporal. 

[Posterolateral. Gortlcal 1 Calcarine. 

IParieto-occipital. 

Ganglionic branches. — The 'posteromedial ganglionic branches (fig. 674) are several 
small arteries which arise at the commencement of the posterior cerebral artery ; 
these with similar branches from the posterior communicating, pierce the posterior 
perforated substance, and supply the medial surfaces of the thalami and the walls 
of the third ventricle. The posterior chorioidal branches run forwards beneath 
the splenium of the corpus callosum, supply the tela chorioidea of the third 
ventricle, and end in the chorioid plexus of the lateral ventricle. The posterolateral 
ganglionic branches are small arteries which arise from the posterior cerebral artery 
after it has turned round the cerebral peduncle ; they supply a considerable portion 
of the thalamus. 

Cortical branches . — These are : the anterior temporal , distributed to the uncus 
and the anterior part of the fusiform gyrus ; the posterior temporal , to the fusiform 
and the inferior temporal gyri ; the calcarine , to the cuneus, gyrus lingualis, and 
the posterior part of the lateral surface of the occipital lobe ; and the parieto- 
occipital, , to the cuneus and the prsecuneus. 

2. The internal mammary artery (fig. 676) arises from the under surface 
of the first portion of the subclavian artery, opposite the thyreocervieal trunk. 
It descends behind the cartilages of the upper six ribs at a distance of 
1*25 cm, from the lateral border of the sternum, and at the level of the 
sixth intercostal space divides into the musculophrenic and superior epigastric 
arteries. 

* Consult an article on ' 4 The arteries of the pons and medulla oblongata s by J. S. B. Stopford, 
Journal of Anatomy, vols. 1., li. 
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Relations.— It runs at first downwards, forwards, and medialwards behind 
eternal end of the clavicle, the internal jugular and innominate veins, and 
the first costal cartilage. As the artery enters the thorax, the phrenic nerve crosses 
it obnqndy from the lateral to the medial side, the nerve usually passing in front 
of the artery. Below the first costal cartilage it descends almost vertically to its 


Fig. 676. — The left internal mammary artery. 
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point of bifurcation. It is covered in front by the Pectoralis major, the cartilages 
of the upper sis ribs and the intervening anterior intercostal membranes and Inter- 
costales interni, and is crossed by the terminal portions of the upper sis intercostal 
nerves. It is separated from the pleura, as far as the second or third costal cartilage, 
by a strong layer of fascia ; below this level, by the Transversus thoracis. It is 
accompanied by a chain of lymph-glands and a pair of veins : about the level of 
fche third costal cartilage the veins unite to form a single vessel, which runs medial 
bo the artery and ends in the innominate vein. 
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The branches of the internal mammary artery are : 

Pericardiacophrenic. Sternal. Musculophrenic. 

Anterior mediastinal. Intercostal. Superior epigastric. 

Pericardial. Perforating. 

The pericardiacophrenic artery (a. comes nervi phrenici) is a long slender branch 

which accompanies the phrenic nerve, between the pleura and pericardium, to the 
Diaphragm; it gives branches to the pleura, pericardium and Diaphragm, and anasto- 
moses with the musculophrenic and inferior phrenic arteries. 

The anterior mediastinal arteries are small vessels, distributed to the areolar tissue 
and lymph-glands in the anterior mediastinal cavity, and to the remains of the thymus. 

The pericardial branches supply the upper part of the anterior surface of the 
pericardium. 

The sternal branches are distributed to the Transversus thoracis, and to the posterior 
surface of the sternum. 

The anterior mediastinal, pericardial, and sternal branches, together with some twigs 
from the pericardiacophrenic, anastomose with branches from the intercostal and 
bronchial arteries, and form a subpleural mediastinal plexus. 

The intercostal branches supply the upper five or six intercostal spaces. Two in 
number in each space, they pass lateralwards, one lying near the lower margin of the rib 
above, and the other near the upper margin of the rib below, and anastomose with the 
intercostal arteries from the aorta. They are at first situated between the pleura and 
the Intercostales interni, and then between the Intercostales interni et externi. They 
supply the Intercostales and send branches through the Intercostales externi to the 
Pectorales and the mamma. 

The perforating branches emerge through the upper five or six intercostal spaces. 
They pierce the Pectoralis major, and curving lateralwards, supply that muscle and the 
skin. Those of the second, third, and fourth spaces give branches to the mamma, and 
during lactation are of large size. 

The musculophrenic artery is directed obliquely downwards and lateralwards, 
behind the cartilages of the false ribs ; it perforates the Diaphragm at the eighth 
or ninth costal cartilage, and ends, considerably reduced in size, opposite the last 
intercostal space. It gives off intercostal branches to the seventh, eighth, and 
ninth intercostal spaces ; these diminish in size as the spaces decrease in length, and 
are distributed in a manner similar to the intercostals from the internal mammary. 
The musculophrenic also gives branches to the lower part of the pericardium, the 
Diaphragm, and the abdominal muscles. 

The superior epigastric artery descends through the interval between the costal 
and xiphoid origins of the Diaphragm, and enters the sheath of the Eectus abdominis, 
at first lying behind the muscle, and then perforating and supplying it, and 
anastomosing with the inferior epigastric artery from the external iliac. Branches 
perforate the sheath of the Eectus, and supply the muscles and skin of the abdomen, 
and a small branch passes in front of the xiphoid process and anastomoses with 
the artery of the opposite side. The superior epigastric artery also gives some 
twigs to the Diaphragm, while from the artery of the right side small branches 
extend into the falciform ligament of the liver and anastomose with the hepatic 
artery. 

Applied A?iatomy . — The internal mammary artery is liable to be wounded in stabs 
of the chest-wall and in the operation of paracentesis pericardii (p. 577). It is most 
easily reached by a transverse incision in the second intercostal space. 

3. The thyreocervical trunk (thyreoid axis) (fig. 675), a short thick 
trunk, arises from the front of the first portion of the subclavian artery, close 
to the medial border of the Scalenus anterior, and divides almost immediately 
into three branches, the inferior thyreoid , transverse scapular , and transverse 
cervical . 

The inferior thyreoid artery runs upwards in front of the vertebral artery and 
Longus colli ; it then turns medialwards behind the carotid sheath and its contents, 
and also behind the sympathetic trunk, the middle cervical ganglion of which rests 
upon the vessel ; it finally descends to the lower border of the lateral lobe of the 
thyreoid gland. At a little distance below the gland the inferior thyreoid artery 
usually passes behind the recurrent nerve, hut when the gland is reached the nerve 
is often behind the branches of the artery.* 

* SVG. Parsons, Journal of Anatomy, vol. liv. p. 172. 



T-tiiii TJbi Y KEOCEK VICAL TRUNK 


mi 


The branches of the inferior thyreoid are : 

Muscular. Inferior laryngeal. (Esophageal* 

Ascending cervical. Tracheal. Glandular. 

The muscular branches supply the depressors of the hyoid bone, and the Longus colli. 
Scalenus anterior, and Constrictor pharyngis inferior. 

The ascending cervical artery is a small branch which arises from the inferior thyreoid 
artery as that vessel is passing behind the carotid sheath ; it ascends on the anterior 
tubercles of the transverse processes of the cervical vertebrae in the interval between the 
Scalenus anterior and Longus capitis. It gives twigs to the muscles of the neck, and sends 
one or two. spinal branches into the vertebral canal through the intervertebral foramina 
to be distributed to the medulla spinalis and its membranes, and to the bodies of the 
vertebrae, in the same manner as the spinal branches from the vertebral artery. It anasto- 
moses with the vertebral, ascending pharyngeal and occipital arteries. 

The inferior laryngeal artery ascends upon the trachea in company with the recurrent 
nerve ; it enters the larynx under the lower border of the Constrictor pharyngis inferior, 
and supplies its muscles and mucous membrane, anastomosing with the artery from the 
opposite side, and with the superior laryngeal branch of the superior thyreoid artery. 

The tracheal branches are distributed to the trachea, and anastomose below with the 
bronchial arteries. 

The oesophageal branches supply the oesophagus, and anastomose with the oesophageal 
branches of the thoracic aorta. 

. The glandular branches consist of an inferior and an ascending branch ; they are dis- 
tributed to the posterior and inferior parts of the thyreoid gland, and anastomose with 
the superior thyreoid artery and with the opposite inferior thyreoid artery ; the ascending 
branch supplies the superior parathyreoid gland. 

The transverse scapular artery (suprascapular artery) (fig. 675) passes at first 
downwards and lateralwards across the Scalenus anterior and phrenic nerve, under 
cover of the Sternocleido- 

mastoideus ; it then crosses „ _ __ . _ , . _ . _ ; . 

the subclavian artery and the * IG * 6 ' ' *- The n S ht scapular and circumflex arteries. 

brachial plexus, and runs branch 

behind and parallel with the 
clavicle and Subclavius, and 
beneath the inferior belly of 
the Omohyoideus, to the 
superior border of the sca- 
pula ; here it passes over 
(occasionally under) the 
superior transverse ligament 
which separates it from the 
suprascapular nerve, and en- 
ters the supraspinatous fossa 
(fig. 677). In this situation 
it lies on the bone, and 
supplies branches to the 
Supraspinatus. It then de- 
scends behind the neck of 
the scapula, through the great 
scapular notch and beneath 
the inferior transverse liga- 
ment, to reach the deep 
-surface of the Infraspinatus, 
where it anastomoses with 
the scapular circumflex artery 
and the descending branch of the transverse cervical artery. Besides, distributing 
branches to the Sternocleidomastoideus, Subclavius, and neighbouring muscles, 
it gives off a suprasternal branch , which crosses over the sternal end of the 
■clavicle to the skin of the upper part of the chest ; and an acromial branchy 
which pierces the Trapezius and supplies the skin over the acromion, anastomosing 
with the thoraco-acromial artery. As the transverse scapular artery passes over 
the superior transverse ligament of the scapula, it sends a branch into the sub- 
■scapular fossa, where it ramifies beneath the Subscapularis, and anastomoses with, 
the subscapular artery and with the descending branch of the transverse cervical 
artery. The transverse scapular artery also sends articular branches to the 

G.A. x 




642 


ANGIOLOGY 


acromioclavicular and shoulder- joints, and nutrient arteries to the clavicle and 
scapula. Occasionally the transverse scapular artery arises from the third part of 
the subclavian artery. 

The transverse cervical artery (a. transversa colli) (fig 675) lies at a higher level 
than the transverse scapular artery ; it crosses in front of the phrenic nerve and 
the Scaleni, and in front of or between the divisions of the brachial plexus, and is 
covered by the Platysma and Sternocleidomastoideus. It passes behind the Omo- 
hyoideus and runs transversely above the inferior belly of that muscle, to the 
anterior margin of the Levator scapulae, where it divides into an ascending and a 
descending branch. 

The ascending branch (superficial cervical artery) ascends beneath the anterior 
part of the Trapezius, distributing branches to it and to the neighbouring muscles 
and lymph-glands in the neck, and anastomosing with the superficial branch of the 
ramus descendens of the occipital artery. 

The descending branch (posterior scapular artery) (fig. 677) passes beneath the 
Levator scapulae to the medial angle of the scapula, and then descends under 
cover of the Bhomboidei along the vertebral border of the scapula as far as the 
inferior angle of the bone. It supplies branches to the Bhomboidei, Latissimus 
dorsi and Trapezius, and anastomoses with the transverse scapular and subscapular 
arteries, and with the posterior branches of some of the intercostal arteries. 

Peculiarities . — Frequently the ascending branch (superficial cervical artery) arises, 
directly from the thyreocervical trunk, and the descending branch (posterior scapular 
artery) from the third, more rarely from the second, part of the subclavian. 

4. The costocervical artery (superior intercostal artery) (fig. 668) arises, 
from the posterior aspect of the second part of the subclavian artery on the 
right side, but from the first part of the artery on the left side. It arches 
backwards above the cupula of the pleura to the neck of the first rib, and divide® 
into the arteria intercostalis suprema and the arteria cervicalis profunda. 

The arteria intercostalis suprema descends behind the pleura in front of the 
necks of the first and second ribs, and anastomoses with the first aortic intercostal 
artery. As it crosses the neck of the first rib it is medial to the anterior division 
of the first thoracic nerve, and lateral to the first thoracic ganglion of the sympathetic 
trunk. In* the first intercostal space, it gives ofi a branch which is distributed 
in a manner similar to the distribution of the aortic intercostals. The branch for 
the second intercostal space usually joins with one from the first aortic intercostal 
artery ; this branch is not constant, hut is more commonly found on the right 
side ; when absent, its place is supplied by an intercostal branch from the aorta. 

The arteria cervicalis profunda arises, in most cases, from the costocervical trunk, 
and is analogous to the posterior branch of an aortic intercostal artery : occasionally 
it is a separate branch from the subclavian artery. Passing backwards above the 
eighth cervical nerve and between the transverse process of the seventh cervical 
vertebra and the neck of the first rib, it ascends on the hack of the neck, between 
the Semispinales capitis et colli, as high as the second cervical vertebra, supplying 
the adjacent muscles, and anastomosing with the deep division of the ramus descen- 
dens of the occipital artery (p. 615) and with branches of the vertebral artery. It 
gives ofi a spinal twig which enters the vertebral canal through the foramen between 
the seventh cervical and first thoracic vertebrae. 


The Axilla 

The axilla is a pyramidal space, situated between the upper part of the 
lateral wall of the chest and the upper part of the medial side of the arm. 

The ajpecc of the axilla is directed upwards towards the root of the neck, 
and corresponds to the interval between the outer border of the first rib, 
the superior border of the scapula, and the posterior surface of the clavicle ; 
through it the axillary vessels and nerves enter the space from the neck. The 
base, directed downwards, is broad at the chest but narrow and pointed at 
the arm ; it is formed by the skin and a thick layer of fascia, the axillary fascia , 
extending between the lower border of the Pectoralis major in front, and the 
lower border of the Latissimus dorsi behind. The anterior wall is formed by 
the Pectorales major et minor, the former covering the whole of this wall. 
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the latter only its central part. The space between the upper border of the 
Pectoralis minor and the clavicle is occupied by the coracoclavicular fascia 
(costocoracoid membrane). The ‘posterior wall is formed by the Subscapularis 
above, the Teres major and Latissimus dorsi below. On the medial side are 
the first four ribs with their corresponding Intercostales, and the upper part 
of the Serratus anterior. On the lateral side , where the anterior and posterior 
walls converge, the space is narrow, and bounded by the humerus, the Coraco- 
brachialis, and the Biceps brachii. 

The axilla contains the axillary vessels, the infraclavicular part of the 
brachial plexus of nerves, with its branches, the lateral branches of some of the 
intercostal nerves, and a large number of lymph-glands, together with a quantity 
of fat and loose areolar tissue. The axillary vessels and the brachial plexus 
of nerves run from the apex to the base along the lateral wall of the axilla ; 
they are placed nearer to the anterior than to the posterior wall, the axillary 
vein lying to the thoracic side of the axillary artery and partially concealing 
it. The thoracic branches of the axillary artery are in contact with the 
Pectorales, and along the lower margin of the Pectoralis minor the lateral 
thoracic artery passes to the side of the thorax. The subscapular vessels and 
nerves descend on the posterior wall in contact with the lower margin of the 
Subscapularis ; the scapular circumflex vessels wind round the axillary border 
of the scapula, and the posterior humeral circumflex vessels and the axillary 
nerve curve backwards close to the neck of the humerus. No vessel of any 
importance exists along the medial or thoracic side, the upper part of the 
space being crossed merely by a few small branches from the highest thoracic 
artery. The long thoracic nerve descends on the surface of the Serratus anterior, 
to which it is distributed ; and the intercostobrachial nerve perforates the 
upper and anterior part of this wall, and passes across the axilla to the medial 
side of the arm. 

The position and arrangement of the lymph-glands are described on 
pp. 758 to 760. “ ' * ~ 

Applied Anatomy . — The axilla is a space of considerable surgical importance. Its 
vessels and nerves may be the seat of injury or disease : its lymph-glands may require 
removal ; its loose connective tissue may be readily infiltrated with blood or inflamma- 
tory exudation. Moreover, its base is covered by thin skin, which is well supplied with 
sebaceous and sweat glands, and is frequently the seat of small abscesses and boils. 

Penetrating wounds in the axilla are sometimes accompanied by extensive haemor- 
rhage, either from wound of the main vessels, or of one of the large branches of the 
axillary artery, e.g. the lateral thoracic or the subscapular. Where the blood cannot find 
an easy exit it collects in the space and forms a large swelling which projects in the floor 
of the axilla and also bulges forwards the Pectoralis major. The treatment consists in 
freely opening up the cavity, searching for and securing the bleeding vessel. 

When suppuration occurs in the axilla, the arrangement of the fasciae plays a very 
important part in the direction which the pus takes. As described on p. 498, the coraco- 
clavicular fascia, after covering the space between the clavicle and the upper border of 
the Pectoralis minor, splits to enclose this muscle, and at its lower border is incorporated 
with the axillary fascia at the anterior fold of the axilla. Suppuration may take place 
either superficial to or beneath this layer of fascia ; that is, either between the Pectorales 
or behind the Pectoralis minor; in the former case, the abscess would point either at 
the border of the anterior axillary fold, or in the groove between the Deltoideus and the 
Pectoralis major; in the latter, the pus would have a tendency to surround the vessels 
and nerves, and ascend into the neck, that being the direction in which there is least 
resistance. Its progress towards the surface is prevented by the axillary fascia; its 
progress backwards, by the insertion of the Serratus anterior; forwards, by the coraco- 
clavicular fascia ; medialwards, by the wall of the thorax ; and lateralwards, by the upper 
limb. The pus in these cases, after extending into the neck, has been known to spread 
through the superior opening of the thorax into the mediastinal cavity. Instances have 
been recorded where the pus found its way along the vessels into the arm. 

When opening an axillary abscess, the knife should be entered in the floor of the 
axilla, midway between the anterior and posterior margins and near the thoracic side of 
the space so as to avoid the lateral thoracic, subscapular, and axillary vessels which are 
in contact respectively with the anterior, posterior and lateral walls of the axilla. After 
an incision has been made through the skin and fascia, it is well to use a director and 
dressing forceps in the manner directed by Hilton. 

The relations of the vessels and nerves in the several parts of the axilla are important, 
for it is the universal plan to remove the lymph-glands from the axilla in operating for 
cancer of the breast. In performing such an operation, it is necessary to proceed with 



644 


ANGIOLOGY 


much caution in the direction of the lateral wall and apex of the space, as here the 
axillary vessels are in danger of being wounded. The thoracodorsal nerve to the Latis- 
simus dorsi and the long thoracic nerve to the Serratus anterior must be defined and 
isolated. In clearing out the axilla, the axillary vein should first be defined and traced 
up to the apex of the space by means of a director. In order to do this the Pectoralis 
major, together with the whole* of the Pectoralis minor, must be divided and turned aside, 
by which means the surgeon is enabled to clear out the axillary cavity more thoroughly. 
When the apex of the space is reached all the fat and the lymph-glands must be carefully 
removed and the whole axilla cleared by separating the tissues from above downwards 
from the vessels, and from the medial and posterior walls, so that when the proceeding is 
completed the axilla is emptied of all its contents except the main vessels and nerves. 


The Axillary ARTER\ r (fig. 678) 

The axillary artery, the continuation of the subclavian artery, begins at 
the outer border of the first rib, and ends at the lower border of the Teres 
major, beyond which the artery takes the name of brachial. Its direction 
varies with the position of the limb : thus the vessel is nearly straight when 


Fig. 67 8. — The right axillary artery and its branches. 
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theTarm is directed at right angles with the trunk, concave upwards when the 
arm is elevated above this, and convex upwards and lateralwards when the 
arm lies by the side of the trunk. The first part of the artery is deeply situated, 
but its terminal part is superficial and is covered only by the skin and fasciae. 
The Pectoralis minor crosses the vessel and divides it into three portions ; the 
first part is proximal to, the second behind, and the third distal to the muscle. 

Relations of the first part. — In front of the first part of the axillary artery are 
the skin, superficial fascia, Platysma, supraclavicular nerves from the cervical 
plexus, deep fascia, clavicular fibres of the Pectoralis major, and the coracoelavicular 
fascia. This part of the artery is crossed by the lateral anterior thoracic nerve, 
and by the thoraco-acromial and cephalic veins. Behind the artery are the first 
intercostal space and Intercostaiis externus, the first and second digitations of the 
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Serratus anterior, the long thoracic and medial anterior thoracic nerves, and the 
medial cord of the brachial plexus. On the lateral side of the artery are the lateral 
and posterior cords of the brachial plexus ; on the medial side is the axillary vein 
which overlaps, the artery. The first part of the artery is enclosed, together with 
the axillary vein and the brachial plexus, 'in a fibrous sheath, the axillary sheath , 
continuous above with the deep cervical fascia. 

Relations of the second part. — In front of the second part of the axillary artery 
are the skin, superficial and deep fascia, and the Pectorales major et minor ; behind 
it are the posterior cord of the brachial plexus and some areolar tissue which inter- 
vene between it and the Subscapularis : on the medial side is the axillary vein, 
separated froin the artery by the medial cord of the brachial plexus and the medial 
anterior thoracic nerve ; on the lateral side is the lateral cord of the brachial plexus. 
The cords of the brachial plexus thus surround the second part of the artery on 
three sides, and separate it from direct contact with the vein and adjacent muscles. 

Relations of the third part. — The third part of the axillary artery extends from 
the lower border of the Pectoralis minor to the lower border of the Teres major. 
Its upper part is covered in front by the lower part of the Pectoralis major : its 
, lower part by the skin and fascise only. Behind it are the lower part of the Sub- 
scapularis and the tendons of the Latissimus dorsi and Teres major. On its lateral 
side is the Coraeobrachialis, and on its medial side, the axillary vein. The nerves 
of the brachial plexus bear the following relations to this part; of the artery ; on 
the lateral side are the lateral head and the trunk of the median, and, for a short 
distance the musculocutaneous ; on the medial side are the medial antibrachial 
cutaneous, ulnar, and medial brachial cutaneous nerves. The medial antibrachial 
cutaneous nerve lies between the artery and vein anteriorly, and the ulnar nerve 
between the axillary artery and vein posteriorly ; the medial brachial cutaneous 
xierve is on the medial side of the vein : in front is the medial head of the median 
nerve, and behind , the radial and axillary nerves, the latter only as far as the lower 
border of the Subscapularis. 

Applied Anatomy. — Compression of the axillary artery may be required in the removal 
of tumours, or in amputation of the upper part of the arm. The only situation in which 
compression can be effectually made is in the lower part of its course ; by pressing the 
artery against the humerus in this situation, the circulation may be effectually arrested. 

With the exception of the popliteal, the axillary artery is perhaps more frequently 
lacerated than any other artery in the body by violent movements, particularly in those 
cases where its coats are diseased. It has occasionally been ruptured in attempts to reduce 
old dislocations of the shoulder- joint, especially where the artery has become fixed to the 
capsule of the joint. Aneurysm of the axillary artery sometimes occurs and is often 
traumatic in its origin. 

Ligature of the axillary artery may be required in cases of aneurysm of the upper part 
of the brachial, or as a distal operation for aneurysm of the subclavian. 

Ligature of the third part of the axillary artery is easy, and may be performed as follows 
(fig. 679, a) : The arm is drawn from the side, the hand supinated, and an incision about 
5 cm. long made through the skin of the floor of the axilla, a little nearer to the anterior 
than to the posterior fold of the axilla. After dissecting through the areolar tissue and 
fascia, the median nerve and axillary vein are exposed ; these are retracted and, the elbow 
being bent so as relax the structures, the ligature is applied. This portion of the artery 
is occasionally crossed by a muscular slip, the axillary arch (p. 495), derived from the 
Latissimus dorsi. 

The first portion of the axillary artery may be tied in cases of aneurysm encroaching 
so far upwards that a ligature cannot be applied to the lower part of the artery. Its 
performance is attended with much difficulty and danger. The student will remark that, 
in inis siumtion. it would be necessary to divide a thick muscle, and, after incising the 
coracoclavicular fascia, the artery would be exposed at the bottom of a more or less deep 
space, with the cephalic and axillary veins in such relation with it as must render the 
application of a ligature to it particularly hazardous. Under such circumstances, it is 
an easier and, at the same time, a more advisable operation, to tie the third part of the 
subclavian artery. The first part of the axillary artery can be best secured by a curved 
incision with the convexity downwards from a point 1*25 cm. lateral to the sterno- 
clavicular joint to a point 1*25 cm. on the medial side of the coracoid process. The limb 
is to be well abducted, a'nd the incision carried through the superficial structures, care 
being taken of the cephalic vein at the lateral end of the incision. The clavicular origin 
of the Pectoralis major is then divided in the whole extent of the wound. The arm is 
now brought to the side, and the upper edge of the Pectoralis minor defined and drawn 
downwards. The coracoclavicular fascia is divided, and the axillary sheath exposed; 
this is to be opened with especial care on account of the vein overlapping the artery. 
The needle should be passed from below, so as to avoid wounding the vein. 
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The second portion of the axillary artery may be tied through an incision begun over 
the junction of the middle with the lateral one-third of the clavicle, and carried down- 
wards between the Deltoideus and the clavicular part of the Pectoralis major as far as the 
junction of the anterior fold of the axilla with the upper arm. These two muscles are 
separated and the Pectoralis minor divided. The artery must be clearly defined, as it is 
surrounded by the large nerve-trunks. 


Fig. 679 . — Dissections to show (a) the third part of the axillary artery, (b) the 
brachial artery at the middle of the arm, and (c) the brachial artery at the 
lower part of the arm. 


Median nerve , 
Musculocutaneous 
nerve 


Medial antibrachial, 
cutaneous nerve 
Medial brachial 
cutaneous nerve 



Coracobrachialis 
Axillary artery 

Ulnar nerve Brachial artery 


Cephalic vein 


Axillary vein 



, Biceps brachii 
Biceps brachn Bra< . m ' 

Median nerve artery 


Medial anti- 
brachial cutaneous 
nerve 


Medial antibrachic 
cutaneous nerve 


Medial head of Triceps brachii 
ZJlnar nerve 



Lacertus 
fibrosus 
Basilic vein 
Median nerve 


Collateral Circulation . — If the axillary artery be tied above the origin of the thoraco- 
acromial artery, the collateral circulation will be carried on by the same branches as after 
the ligature of the third part of the subclavian (p. 635), if at a lower point, between the 
thoraco-acromial and the subscapular arteries, the latter vessel, by its free anastomoses 
with the transverse scapular and transverse cervical arteries, will become the chief agent 
in carrying on the circulation; the lateral thoracic artery, if it be below the ligature, will 
materially contribute by its anastomoses with the intercostal and internal mammary 
arteries. If the ligature be applied below the origin of the subscapular artery, it will 
most probably also be below the origins of the two humeral circumflex arteries; the 
chief agents in restoring the circulation will then be the subscapular and tbe two humeral 
circumflex arteries anastomosing with the arteria profunda brachii. 


The branches of the axillary artery are : 
From first part 1 . Highest thoracic. From 


second partly 


Thoraco-acromial. 
Lateral thoracic. 


f4. Snbscapular. 

From third parti 5. Anterior humeral circumflex. 

1 6. Posterior humeral circumflex. 


1. The highest thoracic artery (superior thoracic artery) (fig. 678) is a small 
vessel, which arises from the axillary artery near the lower border of the Subclavius 
muscle, but may take origin from the thoraco-acromial artery. Punning forwards 
and medialwards along the upper border of the Pectoralis minor, it passes between 
it and the Pectoralis major to the side of the chest. It supplies branches to these 
muscles, and to the thoracic wall, and anastomoses with the internal mammary 
and intercostal arteries. 

2. The thoraco-acromial artery (thoracic axis) (fig. 678) is a short trunk 
which arises from the front of the axillary artery, its origin being overlapped by 
the upper edge of the Pectoralis minor. Passing forwards at the upper border of 
this muscle, it pierces the coracoclavicular fascia and divides into four branches — 
pectoral, acromial, clavicular, and deltoid. The pectoral branch descends between 
the two Pectorales, and is distributed to them and to the mamma, anastomosing 
with the intercostal branches of the internal mammary artery and with the lateral 
thoracic artery. The acromial branch runs lateral wards over the coracoid process 
and under the Deltoideus, to which it gives branches ; it then pierces that muscle 
and ends on the acromion, where it anastomoses with branches of the trans- 
verse scapular, thoraco-acromial, and posterior humeral circumflex arteries. 
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The clavicular branJi runs upwards and medial wards between the clavicular part 
of the Pectoralis major and the coracoclavicular fascia ; it gives branches to the 
sternoclavicular joint, and to the Subelavius. The deltoid or humeral branch often 
arises with the acromial branch ; it crosses over the Pectoralis minor and runs 
with the cephalic vein between the Pectoralis major and Deltoideus, giving branches 
to both muscles. 

3. The lateral thoracic artery (long thoracic artery) (fig. 678) follows the lower 
border of the Pectoralis minor to the side of the chest, supplies the Serratus anterior 
and the Pectorales, and sends branches to the axillary lymph-glands, and to the 
Subscapularis ; it anastomoses with the internal mammary, subscapular, and 
intercostal arteries, and with the pectoral branch of the thoraco-acromial artery. 
In the female, the lateral thoracic artery is large, and gives off an external mammary 
branch which turns round the free edge of the Pectoralis major and supplies the 
mamma. 


4. The subscapular artery (fig. 678), the largest branch of the axillary artery, arises 
at the lower border of the Subscapularis, which it follows to the inferior angle of 
the scapula, where it anastomoses with the lateral thoracic and intercostal arteries 
and with the descending branch 


of the transverse 
artery, and ends 


cervical 

in the ^ IG * — The right scapular and circumflex arteries. 


neighbouring muscles and ad- 
jacent part of the chest- wall. 
In the lower part of its course 
it is accompanied by the 
thoracodorsal nerve ; about 
4 cm. from its origin it gives 
off the scapular circumflex 
artery . 

The scapular circumflex 
artery (arteria dorsalis scapulas) 
is generally larger than the con- 
tinuation of the subscapular. 
It curves round the axillary 
border of the scapula, tra- 
versing the triangular space 
between the Subscapularis 
above, the Teres major below, 
and the long head of the Triceps 
laterally (fig. 680) ; it enters 
the infraspinatous fossa under 
cover of the Teres minor, and 
anastomoses with the trans- 
verse scapular artery and the 


Descending branch 



descending branch of the trans- 
verse cervical artery. It gives off two branches : one (infrascapular) enters the 
subscapular fossa beneath the Subscapularis, which it supplies, and anastomoses 
with the transverse scapular artery and the descending branch of the transverse 
cervical artery ; the other is continued along the axillary border of the scapula, 
between the Teres major and the Teres minor, and at the dorsal surface of the 
inferior angle anastomoses with the descending branch of the transverse cervical 
artery. In addition to these, small branches aTe distributed to the posterior part 
of the Deltoideus and the long head of the Triceps brachii, anastomosing with an 
ascending branch of the arteria profunda brachii. 

5. The anterior humeral circumflex artery (fig. 680), a small artery, arises from 


the lateral side of the axillary artery at the lower border of the Subscapularis. It 
runs horizontally, beneath the Coracobrachialis and short head of the Biceps brachii, 
in front of the neck of the humerus. On reaching the intertubercular sulcus, it 


gives off a branch which ascends in the sulcus to supply the head of the humerus 
and the shoulder-joint. The trunk of the vessel is then continued onwards beneath 
the long head of the Biceps brachii and the Deltoideus, and anastomoses with the 
posterior humeral circumflex artery. 

6. The posterior humeral circumflex artery (fig. 680), considerably larger than 
the anterior, arises from the axillary artery at the lower border of the Subscapularis, 
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and runs backwards with the axillary nerve through the quadrangular space bounded 
by the Subscapularis, the Teres minor and the capsule of the shoulder- joint above, 
the Teres major below, the long head of the Triceps braehii medially, and the surgical 
neck of the humerus laterally. It winds round the neck of the humerus and dis- 
tributes branches to the shoulder-joint, the Deltoideus, the Teretes major et minor, 
and the long and lateral heads of the Triceps braehii. It anastomoses with the 
anterior humeral circumflex, transverse scapular, thoraco-acromial, and profunda 
braehii arteries. 

Peculiarities . — The branches of the axillary artery vary considerably in different 
subjects. One, named alar thoracic , and frequently derived from the second part of the 
artery, is distributed to the fat and the lymph-glands in the. axilla. Occasionally the 
subscapular, humeral circumflex, and profunda arteries arise from a common trunk, and 
when this occurs the branches of the brachial plexus surround this trunk instead of the 
main vessel. Sometimes the axillary artery divides into the radial and ulnar arteries, 
and occasionally it gives origin to the volar interosseous artery of the forearm. 


The Brachial Artery (figs. 681, 682, 683) 

The brachial artery is a continuation of the axillary artery. It begins at 
the distal border of the tendon of the Teres major, runs down the arm, and 

ends about 1 cm. below the eibow- 


Tig. 681. — The brachial artery. 
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joint by dividing into radial and 
umar arteries. At first it lies on 
the medial side of the humerus, 
but, gradually passing to the front 
of the arm, is placed midway be- 
tween the humeral epicondyles at 
the elbow r . 

Relations. — The artery is super- 
ficial throughout its entire extent, 
being covered with the skin and the 
superficial and deep fasciae ; the 
lacertus fibrosus (bicipital fascia) 
lies in front of it opposite the elbow 
and separates it from the median 
cubital vein ; the median nerve 
crosses the artery from the lateral 
to the medial side opposite the in- 
sertion of the Coracobrachialis. 
Posteriorly , it is separated above 
from the long head of the Triceps 
braehii by the radial nerve and 
arteria profunda braehii. It then 
lies successively on the medial head 
of the Triceps braehii, the insertion 
of the Coracobrachialis, and the 
Brachialis. Laterally, it is in rela- 
tion above with the median nerve 
and the Coracobrachialis, below 
with the Biceps braehii, the two 
muscles overlapping the artery to 
some extent Medially , its upper 
half is in relation ■with the medial 
antibrachial cutaneous and ulnar 
nerves, its lower half with the 
median nerve. The basilic vein lies 
on its medial side, but is separated 
from it in the lower part of the arm 
by the deep fascia. The artery is 
closely accompanied by two venae 
comitantes which are connected at 
intervals by short transverse 
branches. 
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The Cubital Fossa 

At the bend of the elbow the brachial artery sinks deeply into a triangular 
interval, the cubital fossa. The base of the triangle is represented by a line 
connecting the two humeral epicondyles ; the sides are formed by the medial 
edge of the Brachioradialis and the lateral margin of the Pronator teres ; the 
floor consists of the Brachialis and Supinator. This fossa contains the tendon 
of the Biceps brachii, the terminal part of the brachial artery, and its accom- 
panying veins, the origins of the radial and ulnar arteries, and quarts of the 
median and radial nerves. The brachial artery occupies the middle of the 
fossa, and divides opposite the neck of the radius into the radial and ulnar 
arteries ; it is covered, in front, by the skin, the superficial fascia, and the 
median cubital vein, the last being separated from the artery by the lacertus 
fibrosus. Behind it is the Brachialis, which separates it from the elbow-joint. 
The median nerve lies close to the medial side of the artery above, but is 
separated from it below by the ulnar head of the Pronator teres. The tendon 
of the Biceps brachii is lateral to the artery ; the radial nerve rests upon the 
Supinator, and is concealed by the Brachioradialis. 

Peculiarities. — The brachial artery, accompanied by the median nerve, may leave the 
medial border of the Biceps brachii, and descend towards the medial epieondyle of the 
humerus ; in such cases it usually passes behind the supracondylar process of the humerus, 
from which a fibrous arch is in most cases thrown over the artery ; it then runs beneath 
or through the substance of the Pronator teres, to the bend of the elbow. This variation 
bears considerable analogy with the normal condition of the artery in some of the carni- 
vora, and has been referred to in the description of the humerus (p. 284*). Occasionally, 
the upper part of the artery splits into two trunks which reunite. Frequently it divides 
at a higher level than usual, and the vessels concerned in this high division are three : 
viz. radial, ulnar, and interosseous arteries. Most frequently the radial is given off high 
up, the other limb of the division consisting of the ulnar and interosseous ; in some 
instances the ulnar originates above the ordinary level, and the radial and interosseous 
form the other limb of the division ; occasionally the interosseous arises high up. 

Sometimes long slender vessels, termed vasa aberrantia , connect the brachial or the 
axillary artery with one or other of the arteries of the forearm. These vessels usually 
join the radial. 

The brachial artery is occasionally concealed in some part of its course, by muscular 
or tendinous slips derived from the Goracobrachialis, Biceps brachii, Brachialis, or 
Pronator teres. 

Applied Anatomy. — In spite of the fact that the brachial artery is very superficial 
and but little protected by surrounding parts, it is seldom wounded. This, no doubt, is 
due to its situation on the medial side of the arm, which is little exposed to injury. 

Compression of the brachial artery is required in cases of amputation and some other 
operations in the arm and forearm, and may be effected in almost any part of the course 
of the artery. If pressure be made in the upper part of the arm, it should be directed 
lateralwards ; if in the lower part, backwards, as the artery lies on the medial side of 
the humerus above, and in front of it below. The most favourable situation is about 
the middle of the arm, where the artery lies on the tendon of the Goracobrachialis on the 
medial surface of the humerus. 

Ligature of the brachial artery may be required in cases of v r ound of the vessel, and in 
some eases of wound of the volar arch where an extensive dissection might be required to 
expose the bleeding point in the hand. It is also sometimes necessary in cases of 
aneurysm of the brachial, radial, ulnar, or interosseous arteries. The artery may be 
secured in any part of its course. The chief guides in determining its position are the 
surface markings produced by the medial margins of the Goracobrachialis and Biceps 
brachii, and the known course of the vessel; its pulsation should be carefully felt for 
before any operation is performed, as the vessel occasionally deviates from its usual 
position. *It is essential in applying a ligature to this vessel that the arm should be held 
away from the side of the body, and supported only from the elbow, for if the arm be 
allowed to rest on any firm structure the Triceps brachii is pressed forwards and overlaps 
the vessel, thus making the operation much more difficult. 

In the upper third of the arm the brachial artery may be exposed in the following 
manner. The patient being placed supine, the limb should be raised from the side, and 
the hand supinated. An incision about 5 cm. in length is made on the medial side of the 
Coracobrachialis (fig. 682), and the subjacent fascia cautiously divided, so as to avoid 
wounding the medial antibrachial cutaneous nerve or basilic vein, as the latter some- 
times runs on the surface of the artery as high as the axilla. The fascia having been 
divided, it should be remembered that the ulnar nerve and the medial antibrachial 
cutaneous nerve lie on the medial side of the artery, the median nerve on the lateral side 
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but occasionally superficial to the artery in this situation, and that the ven® comitantes 
are also in relation with the vessel, one on either side. These being carefully separated, 

Fig. 682. — A transverse section through the arm at the junction of the proximal 
with the intermediate one-third of the humerus. 
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Fig. 683. — A transverse section through the arm, a little J^elow the middle of 
the body of the humerus. 
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the aneurysm needle should be passed round the artery from the medial side so as to 
avoid injuring the basilic vein. 
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In tlie case of a high division, the two arteries are usually placed side by side ; and 
if they are exposed in an operation, the surgeon should endeavour to ascertain, by alter- 
nately pressing on each vessel, which is connected with the wound or aneurysm, when a 
ligature may be applied accordingly ; if pulsation or haemorrhage ceases only when both 
vessels are compressed, both must be tied. 

In the middle of the arm the brachial artery may be exposed by making an incision 
along the medial margin of the Biceps brackii (tig. 679, b), The forearm is then bent so 
as to relax this muscle which should be drawn aside, and the fascia carefully divided, when 
the median nerve will be exposed lying upon (sometimes behind) the artery ; the nerve 
being drawn medialwards and the muscle lateralwarcls, the artery should be separated 
from its accompanying veins and secured. In this situation the superior ulnar collateral 
artery (inferior profunda artery) may be mistaken for the main trunk, especially if enlarged 


Fig. 684. — A transverse section through the arm, 2 cm. proximal to the medial 
epicondyle of the humerus. 
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from the collateral circulation having become established ; this may be avoided by directing 
the incision towards the Biceps brachii, rather than towards the Triceps brachii. 

The lower part of the brachial artery (fig. 679, c) is of interest on account of the relation 
it bears to the veins most commonly opened in venesection. Of these vessels, the median 
cubital vein (median basilic vein) is the largest and most prominent, and consequently 
the one usually selected for the operation. This vein runs parallel with the brachial artery, 
from which it is separated by the lacertus fibrosus (bicipital fascia), and care should be 
taken, in opening the vein, not to carry the incision so deep as to endanger the artery. 

Collateral Circulation . — After the application of a ligature to the brachial artery in the 
upper third of the arm, the circulation is carried on by branches from the humeral circum- 
flex and subscapular arteries anastomosing with ascending branches from the arteria 
profunda brachii. If the artery be tied below the origins of the arteria profunda brachii 
and superior ulnar collateral artery, the circulation is maintained through the anastomoses 
around the elbow-joint (p. 652). 

The branches of the brachial artery are : 

1. Arteria profunda brachii. 3. Superior ulnar collateral. 

2. Nutrient. 4. Inferior ulnar collateral. 

5. Muscular. 

1. The arteria profunda brachii (superior profunda artery) (figs. 681, 683) is a 
large vessel which arises from the medial and posterior part of the hrachial artery. 
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just distal to tlie lower border of the Teres major. It follows closely the radial 
nerve, running at first backwards between the long and medial heads of the Triceps 
brachii, then along the sulcus for the radial nerve, where it is covered by the lateral 
head of the Triceps brachii. Reaching the lateral side of the arm, it pierces the 
lateral intermuscular septum, and, descending between the Brachioradialis and the 
Brachialis to the front of the lateral epicondyle of the humerus, ends by anastomosing 
with the radial recurrent artery. It gives branches to the Deltoideus and to the 
muscles between which it lies ; it supplies an occasional nutrient artery which enters 
the humerus behind the deltoid tuberosity. A branch ascends between the long 
and lateral heads of the Triceps brachii to anastomose with the posterior humeral 

circumflex artery ; a middle col- 
lateral branch descends in the 
Fig. 685. — A diagram of the arterial anastomosis medial head of the Triceps 
around the elbow- joint. brachii with the nerve which 



supplies the Anconseus, and 
assists in forming the anastomosis 
above the olecranon ; a radial 
collateral branch (posterior branch 
of superior profunda) runs down 
behind the lateral intermuscular 
septum to the back of the lateral 
epicondyle of the humerus, where 
it anastomoses with the interos- 
seous recurrent and the inferior 
ulnar collateral arteries. 

2. The nutrient artery of the 
humerus arises about the middle 
of the arm ; it enters the nutrient 
canal near the insertion of the 
Coracobrachialis, and is directed 
downwards. 

3. The superior ulnar collateral 
artery (inferior profunda artery) 
(figs. 681, 683), of small size, arises 
from the brachial a little below 
the middle of the arm ; it fre- 
quently springs from the upper 
part of the arteria profunda 
brachii. It accompanies the 
ulnar nerve, pierces the medial 
intermuscular septum, descends 
between the medial epicondyle 
and the olecranon, and ends under 
the Flexor carpi ulnaris by ana- 
stomosing with the dorsal ulnar 

It sometimes sends a branch in 


front of the medial epicondyle, to anastomose with the volar ulnar recurrent 


artery. 

4. The inferior ulnar collateral artery (arteria anastomotica magna) (figs. 681, 684) 
arises about 5 cm. above the elbow. It passes medialwards upon the Brachialis and, 
piercing the medial intermuscular septum, winds round the back of the humerus 
between the Triceps brachii and the bone, forming, by its junction with the arteria 
profunda brachii, an arch above the olecranon fossa. As the vessel lies on the 
Brachialis, it gives off branches which ascend to join the superior ulnar collateral 
artery ; others descend in front of the medial epicondyle, to anastomose with the 
volar ulnar recurrent artery. Behind the medial epicondyle a branch anastomoses 
with the superior ulnar collateral and dorsal ulnar recurrent arteries. 

5. The muscular branches, three or four in number, are distributed to the 
Coracobrachialis, Biceps brachii, and Brachialis. 

The anastomosis around the elbow-joint (fig. 685.) — The vessels engaged in this 
anastomosis may be conveniently divided into those situated in front of, and those 
behind the medial and lateral epicondyles of the humerus. The branches ana- 
stomosing in front of the medial epicondyle are : the anterior branches of the 
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superior and inferior ulnar collateral arteries and the volar ulnar recurrent artery. 
Those behind the medial epicondyle are : the superior and inferior ulnar collateral 
arteries and the dorsal ulnar recur- 
rent artery. The branches ana- Fig. 686. — The right radial and ulnar arteries, 
stomosing in front of the lateral Superficial dissection, 

epicondyle are : the terminal part 
of the arteria profunda brachii and 
the radial recurrent artery. Those 
behind the lateral epicondyle are : 
the radial collateral branch (pos- 
terior branch) of the arteria pro- 
funda brachii, the inferior ulnar 
collateral, and interosseous recur- 
rent arteries. There is also an arch 
of anastomosis above the olecra- 
non, formed by the inferior ulnar 
collateral artery joining with the 
middle and radial collateral branches 
of the arteria profunda brachii, and 
with the interosseous recurrent and 
the dorsal ulnar recurrent arteries 
(fig. 685). 

The Radial Artery 
(figs. 686, 687, 689) 

The radial artery, though 
smaller than the ulnar artery, 
appears, from its course, to be the 
more direct continuation of the 
brachial trunk. It begins at the 
division of the brachial, about 
1 cm. below the bend of the 
elbow, and passes along the radial 
side of the forearm to the wrist. 

It then winds, backwards, round 
the lateral side of the carpus, 
under cover of the tendons of the 
Abductor pollicis longus and 
Extensores pollicis brevis et longus 
to the proximal end of the space 
between the first and second 
metacarpal bones where it passes 
forwards between the tw T o heads 
of the first Interosseus dorsalis, 
into the palm of the hand ; it 
crosses towards the ulnar side of 
the palm, and unites with the 
deep volar branch of the ulnar 
artery to form the deep volar arch. 

The radial artery is therefore divi- 
sible into three portions, one in 
the forearm, a second at the wrist, 
and a third in the hand. 

Relations. — (a) In the forearm 
(figs. 686, 687 692), the radial 

artery extends from the neck of the 
radius to the front part of its styloid 
process, being placed to the medial 
side of the body of the bone above, 
and in front of it below. Its upper 
part is overlapped by the fleshy belly of the Brachioradialis ; the rest of the 
artery is only covered with the skin,' and the superficial and deep fasciae. It lies 
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the posterior belly of the Digastricus to the interval between the transverse process 
of the atlas vertebra and the mastoid process of the temporal bone, and passes 
horizontally backwards, grooving the surface of the latter bone, being covered by 
the Stern ocleidomastoideus, Splenius capitis, Longissimus capitis, and Digastricus, 
and resting upon the Rectus capitis lateralis, Obliquus superior, and Semispinalis 
capitis. It then runs vertically upwards, pierces the fascia connecting the cranial 
attachment of the Trapezius with the Sternocleidomastoideus, and ascends in a 
tortuous course in the superficial fascia of the scalp, where it divides into numerous 
branches. Its terminal portion is accompanied by the greater occipital nerve. 

The branches of the occipital artery are : 

Sternocleidomastoid . Auricular . Meningeal . 

Mastoid. Muscular. ' Occipital. 

Ramus descendens. 

The sternocleidomastoid branch generally arises from the beginning of the occipital 
artery, but sometimes springs directly from the external carotid artery. It passes 
downwards and backwards over the hypoglossal nerve, and enters the sub- 
stance of the Sternocleidomastoideus, in company with the accessory nerve ; it 
anastomoses with the sternocleidomastoid branch of the superior thyreoid artery. 

The mastoid branch, small in size and sometimes absent, enters the cranial 
cavity through the mastoid foramen ; it gives branches to the mastoid air-sinuses 
and the dura mater, and anastomoses with the middle meningeal artery. 

The auricular branch supplies the back of the concha and anastomoses with 
the posterior auricular artery. 

Muscular branches are supplied to the Digastricus, Stylohyoideus, Splenius, and 
Longissimus capitis. 

The ramus descendens (arteria princeps cervicis) (fig. 668) arises from the 
occipital artery as the latter lies on the Obliquus superior, and divides into a 
superficial and a deep branch. The superficial branch passes beneath the Splenius, 
and anastomoses with the ascending branch of the transverse cervical artery ; the 
deep branch descends between the Semispinales capitis et colli, and anastomoses 
with the vertebral artery, and with the arteria profunda cervicalis, a branch of the 
costocervical trunk. The anastomosis between these vessels assists in establishing 
the collateral circulation after ligature of the common carotid or subclavian artery. 

The meningeal branches ascend with the internal jugular vein, and enter the 
skull through the jugular foramen and condyloid canal, to supply the dura mater 
in the posterior fossa. 

The occipital branches, the terminal branches, are distributed to the scalp, and 
reach as high as the vertex of the skull ; they are very tortuous, and lie between 
the skin and the Occipitalis, anastomosing with the artery of the opposite side and 
with the posterior auricular and temporal arteries, and supplying the Occipitalis, 
the skin, and the pericranium. One of the terminal branches may give off a 
meningeal twig which passes through the parietal foramen. 

6. The posterior auricular artery (fig. 664) is small and arises from the 
external carotid artery immediately above the Digastricus and Stylohyoideus. 
It ascends, under cover of the parotid gland, on the styloid process of the 
temporal bone, to the groove between the cartilage of the auricula and the 
mastoid process, where it divides into auricular and occipital branches. 

In addition to supplying small branches to the Digastricus, Stylohyoideus, 
Sternocleidomastoideus, and parotid gland, this vessel gives off the three 
following branches : 

Stylomastoid. Auri cular . Occipital. 

The stylomastoid artery enters the stylomastoid foramen and supplies the 
tympanic cavity, the tympanic antrum, the mastoid air-sinuses, and the semicircular 
canals. In the young subject a branch from this vessel forms, with the anterior 
tympanic artery from the internal maxillary, a vascular circle which surrounds 
and supplies small vessels to the deep surface of the tympanic membrane. It 
anastomoses with the superficial petrosal branch of the middle meningeal artery 
by a twig which enters the hiatus canalis facialis. 

The auricular branch ascends beneath the Auricularis posterior, and ramifies 
on the back of the auricula ; some of its branches pierce the auricula, and others 
curve round its margin to supply its lateral surface. It anastomoses with the 
parietal and anterior auricular branches of the superficial temporal artery. 
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Ligature of the radial artery is required in cases of wounds either of its trunk, or of 
some of its branches, or for aneurysm. 

To tie the artery in the proximal one-third of the forearm (fig. 688, b), an incision 7 or 
8 cm. long should be made through the skin, in a line drawn from the centre of the bend 
of the elbow to the front of the styloid process of the radius, avoiding the branches of 
the medial antibrachial vein ; when the fascia of the arm is divided, and the Brachioradialis 
drawn aside, the artery will be exposed. The vense comitantes should be separated from 
the vessel and the ligature passed from the radial to the ulnar side. 

In the middle one-third of the forearm the artery may be exposed by making an incision 
of similar length on the medial border of the Brachioradialis. In this situation, the super- 
ficial part of the radial nerve lies in close relation with the lateral side of the artery, and 
should be avoided. 

In the distal one- third of the forearm (fig. 688, o) the artery is easily secured by dividing 
the skin and fascia between the tendons of the Brachioradialis and Flexor carpi radialis. 
When operating on the cadaver, students are apt to forget how near to the surface the artery 
is in this situation. 


Fig. 688. — Dissections to show the radial and median nerves, and the radial and 

ulnar arteries. 
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The branches of the radial artery may be divided into three groups, corre- 
sponding with the three regions in which the vessel is situated. 

In the forearm. At the wrist. In the hand. 

Radial recurrent. Dorsal carpal. Prineeps pollicis. 

Muscular. First dorsal metacarpal. Volaris indicis radialis. 

Yolar carpal. 

Superficial volar. 

The radial recurrent artery arises immediately below the elbow. It passes 
between the branches of the radial nerve, and ascends beneath the Brachioradialis, 
lying on the Supinator and Brachialis ; it supplies these muscles and the elbow- 
joint, and anastomoses with the anterior terminal part of the arteria profunda 
brachii. 

The muscular branches are distributed to the muscles on the radial side of 
the forearm. 

The volar carpal branch is a small vessel which arises near the lower border 
of tbe Pronator quadratus, and, running across the volar surface of the carpus, 
anastomoses under cover of the flexor tendons, with the volar carpal branch of the 
ulnar artery. This anastomosis is joined by a branch from the volar interosseous 
artery, and by recurrent branches from the deep volar arch, thus forming a volar 
carpal network which supplies the articulations of the wrist and carpus. 

The superficial volar branch (fig. 686) arises from the radial artery, where this 
vessel is about to wind round the lateral side of the wrist. Running forwards, it passes 
through, occasionally over, the muscles of the ball of the thumb, which it supplies, 
and sometimes anastomoses with the terminal portion of the ulnar artery completing 
the superficial volar arch. This vessel varies considerably in size : usually it is 
very small, and ends in the muscles of the thumb ; sometimes it is as large as the 
continuation of the radial artery. 
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The dorsal carpal branch (fig. 693) is a small vessel which arises beneath the 
extensor tendons of the thumb, and, running across the dorsal surface of the carpus 
under cover of the extensor tendons, anastomoses with the dorsal carpal branch of the 
ulnar artery, and with the volar and dorsal interosseous arteries, to form a dorsal 
carpal network . Arising from this network are three slender dorsal metacarpal 
arteries , which descend on the second, third, and fourth Interossei dorsales and 
bifurcate into dorsal digital branches for the supply of the adjacent sides of the 
index, middle, ring, and little fingers ; they anastomose with the proper volar 
digital branches of the superficial volar arch ; near their origins they anastomose 
with the deep volar arch by the superior perforating arteries , and near their points 
of bifurcation with the common volar digital vessels of the superficial volar arch 
by the inferior perforating arteries: 

The first dorsal metacarpal artery (fig. 693) arises just before the radial artery 
passes between the two heads of the first Interosseus dorsalis, and divides almost 
immediately into two branches which supply the adjacent sides of the thumb and 
index finger ; the radial side of the thumb receives a branch directly from the radial 
artery. 

The arteria princeps pollicis (fig. 689) arises from the radial artery as the latter 
turns medialwards to the deep part of the hand ; it descends between the first 
Interosseus dorsalis and the oblique part of the Adductor pollicis, along the medial 
side of the metacarpal bone of the thumb to the base of the first phalanx, where it 
lies beneath the tendon of the Flexor pollicis longus and divides into two branches. 
These make their appearance between the medial and lateral insertions of the 
oblique part of the Adductor pollicis, and run along the sides of the thumb, forming 
on the volar surface of the last phalanx an arch, from which branches are distributed 
to the integument and subcutaneous tissue of the thumb. 

The arteria volaris indicis radialis (fig. 689), frequently a branch of the proximal 
part of the arteria princeps pollicis, descends between the first Interosseus dorsalis 
and the transverse part of the Adductor pollicis, and runs along the lateral side 
of the index finger to its extremity : it anastomoses with the proper digital 
artery supplying the medial side of the finger. At the lower border of the transverse 
part of the Adductor pollicis this vessel anastomoses with the arteria princeps 
pollicis, and gives a communicating branch to the superficial volar arch. 

The arteria princeps pollicis and arteria volaris indicis radialis may spring from 
a common trunk which is named the first volar metacarpal artery. 

The deep volar archu(deep palmar arch) (fig. 689) is formed by the anastomosis 
of the terminal part of the radial artery with the deep volar branch of the ulnar 
artery. It lies upon the proximal ends of the metacarpal bones and on the Interossei, 
and is covered by the oblique part of the Adductor pollicis, the flexor tendons 
of the fingers, and the Lumbricales. Alongside of it, but running towards the 
lateral side of the hand, is the deep branch of the ulnar nerve. 

The branches of the deep volar arch are : volar metacarpal, perforating, and 
recurrent. 

The volar metacarpal arteries (fig. 689), three in number, arise from the convexity 
of the deep volar arch ; they run distally upon the Interossei of the second, third, 
and fourth spaces, and join, at the clefts of the fingers, the common digital branches 
of the superficial volar arch. 

The perforating branches, three in number, pass backwards from the deep volar 
arch, through the second, third, and fourth interosseous spaces and between the 
heads of the corresponding Interossei dorsales, to anastomose with the dorsal 
metacarpal arteries. 

The recurrent branches arise from the concavity of the deep volar arch ; they 
ascend in front of the wrist, supply the intercarpal articulations, and end in the 
volar carpal network. 


The Ulnae Artery (figs. 686, 689, 692) 

The ulnar artery, the larger of the two terminal branches of the brachial 
artery, begins about 1 cm. below the bend of the elbow, and, passing obliquely 
downwards, reaches the medial side of the forearm at a point about midway 
between the elbow and the wrist. It then runs along the medial side to the 
wrist, crosses the transverse carpal ligament on the lateral side of the pisiform 
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bone and immediately beyond this bone divides into two branches, which 
enter into the formation of the superficial and deep volar arches. 

Relations, — (a) In the forearm ,— -The proximal half of the vessel {tigs. 686, 687) 
is deeply seated, passing obliquely under cover of the Pronator teres, Flexor carpi 
radialis, Palmaris Tongus, and 


Flexor digitorum sublimis to the 
medial side of the forearm, where 
it is overlapped by the Flexor 
carpi ulnaris ; it lies upon the 
Brachialis and the Flexor digi- 
torum profundus. The median 
nerve is on the medial side of 
the artery for about 2 '5 cm. and 
then crosses the vessel, but is 
separated from it by the ulnar 
head of the Pronator teres. The 
distal half (figs. 686, 692) lies upon 
the Flexor digitorum profundus ; 
it is covered by the shin, super- 
ficial and deep fascia?, and is 
placed between the Flexor carpi 
ulnaris and Flexor digitorum 
sublimis. 

It is accompanied by two 
vense comitantes, and is over- 
lapped in its middle one-third 
by the Flexor carpi ulnaris ; the 
ulnar nerve lies on the medial 
side of the lower two-thirds of 
the artery, and the palmar 
cutaneous branch of this nerve 
descends on the distal part of the 
vessel to the palm of the hand. 

(b) At the wrist (figs. 689, 690, 
691) the ulnar artery is covered 
by the skin and the volar carpal 
ligament, and lies upon the trans- 
verse carpal ligament. On its 
medial side are the pisiform bone 
and the ulnar nerve. 


Fig. 689.- 


-The right radial and ulnar arteries. 
Deep dissection. 


Inferior ulnar 
ollateml artery 


Volar carpal branch 
of radial, artery \ 
Superficial nj/ar . 
artery 


Deep volar branch of 
vluur artery 


Peculiarities . — The ulnar artery 
varies in its origin in about S per 
cent, of cases ; it frequently arises 
above the elbow, the brachial being 
more often the source of origin than 
the axillary. When its origin is 
normal, the course of the vessel is 
rarely changed. When the artery 
arises high up, it is usually super- 
ficial to the flexor muscles in the 
forearm, lying commonly beneath 
the fascia more rarely between the 
fascia and skin ; the brachial artery 
then gives off the common inter- 
osseous artery, and the latter, the 
anterior and posterior ulnar recur- 
rent arteries. Occasionally it is 
subcutaneous in the upper part of the forearm, and subaponeurotic in the lower 
part. 

When the ulnar artery is superficial there is some danger of its being wounded in opening 
the median cubital vein for the purpose of transfusing blood or injecting saline solution. 

Applied Anatomy . — ligature of the ulnar artery (fig. 688, d) in the upper one-half of 
the forearm is difficult as this part of the vessel is deeply seated beneath the superficial 
flexor muscles. An incision is to be made in the course of a line drawn from the front 
of the medial epicondyle of the humerus to the lateral side of the pisiform bone, so that 



Volar n/uar 
recurrent artery 

Dorsal ulnar 
recurrent artery 


Volar carpal branch 
of ulnar artery 
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the centre of the incision is three fingers’ breadths below the medial epicondyle. The skin 
and superficial fascia having been divided, and the deep fascia exposed, the white line 
which separates the Flexor carpi ulnaris from the other flexor muscles is to be sought for, 
and the fascia incised in this line. On separating the Flexor carpi ulnaris from the other 
muscles the ulnar neiwe will be exposed lying on the Flexor digitorum profundus, and 
must be drawn aside. The artery, accompanied by its venae comitantes, lies lateral to 
the nerve. In the middle and lower parts (fig. 68S, e) of the forearm, the artery may be 
secured easily by making an incision on the radial side of the tendon of the Flexor carpi 
ulnaris : when the deep fascia is divided, and the tendon separated from the Flexor digi- 
torum sublimis, the artery and its vense comitantes will be exposed, lying lateral to the 
ulnar nerve. 


The branches of the ulnar artery may be arranged in the following groups : 


In the forearm 


r Anterior recurrent. 

J Posterior recurrent, 
j Common interosseous. 
[Muscular. 


At the wrist 
In the hand 


/Volar carpal. 

(Dorsal carpal. 

/Deep volar. 
(Superficial volar arch. 


The volar ulnar recurrent artery (figs. 685, 689), a small branch, arises imme- 
diately below the elbow-joint, runs upwards between the Brachialis and Pronator 
teres, supplies twigs to those muscles, and, in front of the medial epicondyle, 
anastomoses with the superior and inferior ulnar collateral arteries. 


Fig. 690. — A transverse section through the distal ends of the left radius and 
ulna. Superior aspect. 
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Flexor digitorum sublimis 
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Extern sor carpi 
radialis longus 
Extensor carpi radialis brevis 



Extensor poll ids longus 

Extensor indicis proprvus 


Ulnar artery 
Ulnar nerve 

Flexor carpi ulnaris 


Flexor digitorum 
vrofundus 


Extensor carpi ulnaris 
Distal radio-ulnar articulation 
Extensor digiti quinti proprius 


Extensor digitorum communis 


The dorsal ulnar recurrent artery (figs. 685, 689) is much larger, and arises some- 
what lower than the volar artery. It passes backwards and medialwards on the 
Flexor digitorum profundus, behind the Flexor digitorum sublimis, and ascends 
behind the medial epicondyle of the humerus. In the interval between this process 
and the olecranon, it lies beneath the Flexor carpi ulnaris, and ascends between the 
heads of this muscle, in relation with the ulnar nerve ; it supplies the neighbouring 
muscles and the elbow-joint, and anastomoses with the superior and inferior ulnar 
collateral and the interosseous recurrent arteries (fig. 693). 

The common interosseous artery (fig. 689), about 1 cm. in length, arises immedi- 
ately below the tuberosity of the radius, and, passing backwards to the upper 
border of the antibrachial interosseous membrane, divides into two branches, the 
volar and dorsal interosseous arteries . 

The volar interosseous artery (figs. 689, 692) descends on the volar surface of the 
antibrachial interosseous membrane, accompanied by the volar interosseous branch 
of the median nerve, and overlapped by the contiguous margins of the Flexor 
digitorum profundus and Flexor pollicis longus ; it gives off muscular branches, and 
the nutrient arteries of the radius and ulna. At the upper border of the Pronator 
quadratus it pierces the interosseous membrane and reaches the back of the forearm, 
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where it anastomoses with the dorsal interosseous artery and descends on the back of 
the wrist in the compartment of the dorsal carpal ligament containing the tendons 
of the Extensor digitorum communis and Extensor indicis proprius, and joins 
the dorsal carpal network. The volar interosseous artery gives oil a slender branch, 


Fig. 691. — A transverse section through the left wrist. Superior aspect. 
Median nerve Transverse carpal ligament 
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the arteria mediana> which accompanies the median nerve, and sends offsets to 
its substance ; this artery is sometimes much enlarged, and runs with the median 
nerve into the palm of the hand. Before the volar interosseous artery pierces the 
interosseous membrane, it sends a branch downwards behind the Pronator 
quadratus to join the volar carpal network. 


Pig. 692. — A transverse section through the middle of the forearm. 
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The dorsal interosseous artery (figs. 692, 693), usually smaller than the volar 
interosseous artery, passes backwards between the oblique cord and the upper 
border of the antibrachial interosseous membrane. It appears on the hack o'f 
■the forearm between the contiguous borders of the Supinator and the Abductor 
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Behind the veins, the nerve to the Subelavius descends in front of the artery. The 
terminal part of the artery lies behind the clavicle and the Subelavius, and is crossed 
transverse scapular vessels. The subclavian vein is in front of, and at a 
slightly lover level than, the artery. The lowest trunk of the brachial plexus 


Tig. 675. A dissection of the right side of the neck, showing the carotid and 
subclavian arteries. 



lies behind the artery and intervenes between it and the Scalenus rnedius. Above,. 
and to its lateral side , are the upper trunks of the brachial plexus, and the Omo- 
hyoideus. Below 5 it rests on the upper surface of the first rib. 

Peculiarities . — The subclavian arteries vary in their origin, their course, and the height 
to which they rise in the neck. 

The right subclavian may arise from the innominate above or below the level of the 
sternoclavicular articulation. It may arise as a separate trunk from the arch of the aorta, 
and may then be- either its first, second, third, or last branch ; in the majority of cases 
it is the first or last. When it is the first branch, it occupies the ordinary position of the 
innominate artery ; when the second or third, it passes behind the right carotid artery ; 
and when the last it arises from the left extremity of the arch, and ascends obliquely towards 
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arteria princeps pollicis. The arch passes across the palm, describing a curve, 
with its convexity downwards. 

Relations. — It is covered by the skin, the Palmaris brevis, and the palmar 
aponeurosis. It lies upon the transverse carpal ligament, the Flexor digit! quinti 
brevis, the flexor tendons, the Lumbricales, and the branches of the median nerve. 

Three common volar digital arteries (fig. 686) arise from the convexity, of the 
superficial volar arch and proceed downwards on the second, third, and fourth 
Lumbricales.^ Each is joined by the corresponding volar metacarpal artery, and 
then divides into a pair of 'proper volar digital arteries which run along the contiguous 
sides of the index, middle, ring, and little fingers, behind the corresponding digital 
nerves ; they anastomose freely in the subcutaneous tissue of the finger tips and 
by smaller branches near the interphalangeal joints. Each gives ofi two dorsal 
branches which anastomose with the dorsal digital arteries, and supply the soft 
parts on the back of the second and third phalanges, including the matrix of the 
finger-nail. The proper volar digital artery for the medial side of the little finger 
springs from the ulnar artery under cover of the Palmaris brevis. 

Applied A natomy — Wounds of the volar arches are always difficult to deal with. When 
the superficial arch is involved it is generally possible (enlarging the wound when necessary) 
to secure the vessel and tie it on both sides of the bleeding: point ; or in cases where it is 
found impossible to encircle the vessel with a ligature, a pair of artery clips may be applied 
and left on for twenty-four or forty-eight hours. Failing this, the wound may be plugged 
with gauze and an outside dressing carefully bandaged on. The plug should remain un- 
touched for three or four days. It is useless in these cases to ligature one of the arteries 
of the forearm alone, and simultaneous ligature of both radial and ulnar arteries above 
the wrist is often unsuccessful, on account of the anastomosis carried on by the carpal 
networks. Therefore, upon the failure of pressure to arrest hemorrhage, it is expedient 
to apply a ligature to the brachial artery. 

When an incision for deep-seated suppuration in the tendon-sheath is required, the 
situation of the superficial arch must always he borne in mind, and the incisions placed 
either above or below it. The position of the common digital branches of the artery must 
also be remembered, and the incisions made in front of the heads of the metacarpal bones 
and not between them. 


THE AETEEIES OF THE TRUNK 
The Descending Aorta 

The descending' aorta is divided into two _ portions, the thoracic and 
abdominal , in correspondence with the two great cavities in which it is situated. 


The Thoracic Aorta (fig. 694) 

The thoracic aorta is contained in the posterior mediastinal cavity. 
It begins at the lower border of the fourth thoracic vertebra where it is con- 
tinuous with the aortic arch (p. 600), and ends in front of the lower border of 
the twelfth thoracic vertebra at the aortic hiatus in the Diaphragm. At its 
origin, it is situated on the left of the vertebral column ; as it descends it 
approaches the median line, and at its termination lies in front of the column. 

Relations. — It is in relation, anteriorly , from above downwards, with the root 
of the left lung, the pericardium, which separates it from the left atrium, the oeso- 
phagus, and the Diaphragm ; posteriorly , with the vertebral column, the hemiazygos 
and accessory hemiazygos veins ; on the right side , with the azygos vein and thoracic 
d.uct ; on the left side , with the left pleura and lung. The oesophagus, with its 
accompanying plexus of nerves, lies on the right side of the aorta above ; but at 
the lower part of the thorax it is placed in front of the aorta, and, close to the 
Diaphragm, is situated on its left side. 

Peculiarities * — 'The lumen of the aorta is occasionally found to be partly or completely 
obliterated, either at the aortic isthmus, or close to the point where the ductus arteriosus 
opens into it. This condition is known as coarctation of the aorta . It may be either 
congenital or acquired. In the former case the infant usually dies at or soon after birth. 
'When acquired it is apparently due to an abnormal extension of the peculiar tissue of 
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the ductus into the aortic wall, giving rise to a simultaneous stenosis of both vessels as it 
contracts after birth. This form of coarctation is compatible with many years of normal 
life, and leads to the establishment of an extensive collateral circulation to carry blood to 
the aorta immediately below the stenosis by means of the following vessels Firstly, the 
internal mammary, anastomosing with the intercostal arteries, with the inferior phrenic 
of the abdominafaorta by means of the musculophrenic and pericardiacophrenic, and 
largely* with the inferior epigastric. Secondly, the costocervical trunk, anastomosing 


Fig. 694. — The heart and the thoracic aorta. Left lateral aspect. 


anteriorly by means of a large branch with the first aortic intercostal, and posteriorly 
with the posterior branch of the same artery. Thirdly, the inferior thyreoid, by means of 
a branch about the size of an ordinary radial, forming a communication with the first 
aortic intercostal. Fourthly, the transverse cervical, by means of very large communica- 
tions with the posterior branches of the intercostals. Fifthly, the branches (of the sub- 
clavian and axillary) going to the side of the chest enlarge, and anastomose freely with the 
lateral branches of the intercostals. In a second case Wood describes the anastomoses 
in a somewhat similar manner, adding the remark, that e the blood which was brought 
into the aorta through the anastomoses of the intercostal arteries appeared to be expended 
principally in supplying the abdomen and pelvis ; while the supply to the lower extremities 
had passed through the internal mammary and epigastrics.’ 
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Allied Anatomy. Aneurysm of the thoracic aorta most commonly extends backwards 
along the left side of the vertebral column and leads to absorption of the bodies of the 
vertebrae (but not of the intervertebral fibrocartilages) and of the ribs ; pressure on the 
intercostal nerves may give rise to radiating pains in the left upper intercostal spaces ; 
after erosion of the vertebrae the aneurysm may compress the spinal nerve-roots or ulti- 
mately the medulla spinalis producing pains in the chest, back or loins, or paralysis below 
the site of the lesion ; at the same time the aneurysm may project backwards ‘under the 
skin as a pulsating swelling. If the aneurysm extend forward, it may press upon and 
displace the heart, giving rise to palpitation and other symptoms of disease of that organ ; 
it may displace or compress the oesophagus, causing pain and difficulty of swallowing, arid 
ultimately even open into it by ulceration, producing fatal haemorrhage. If the aneurysm 
extend to the right side, it may press upon the thoracic duct ; it may burst into the pleural 
cavity, or into the lung ; or it may open into the posterior mediastinal cavity. Pressure 
on one of the bronchi, usually the left, will cause cough, and in time set up bronchiectasis ; 
pressure on the left pulmonary plexus has been said to give rise to asthmatic attacks. Of 
late years, the diagnosis of thoracic aneurysm has been much facilitated by the employment 
of the ce-rays, by means of which the outline of the sac may be demonstrated. 


The Branches of the Thoracic Aorta 


(Pericardial. 
Visceral i Bronchial. 

[(Esophageal. 


Mediastinal. 


Parietal - 


Superior phrenic. 

Intercostal. 

Subcostal. 


The pericardial branches consist of a few small vessels which are distributed to 
the posterior surface of the pericardium. 

The bronchial arteries vary in number, size, and origin. There is as a rule one 
right bronchial artery, which arises from the first aortic intercostal artery, or from 
the upper left bronchial artery. It runs on the posterior surface of the right 
bronchus, dividing and subdividing along the bronchial tubes, supplying them, the 
areolar tissue of the lung, and the bronchial lymph-glands ; it also sends branches 
to the pericardium and the oesophagus. The left bronchial arteries, usually two in 
number, arise from the thoracic aorta, the upper opposite the fifth thoracic vertebra, 
and the lower just below the left bronchus. They run on the posterior surface of 
the left bronchus and have a distribution similar to that of the right bronchial 
artery. 

The oesophageal arteries, four or five in number, arise from the front of the aorta, 
and pass obliquely downwards to the oesophagus ; on this they form a vascular 
chain which anastomoses above with the oesophageal branches of the inferior thy- 
reoid arteries, and below with ascending branches from the left inferior phrenic and 
left gastric arteries. 

The mediastinal branches are numerous small vessels which supply the lymph- 
glands and loose areolar tissue in the posterior mediastinal cavity. 

The superior phrenic branches are small, and arise from the lower part of the 
thoracic aorta ; they are distributed to the posterior part of the upper surface of 
the Diaphragm, and anastomose with the musculophrenic and pericardiacophrenic 
arteries. 

The intercostal arteries. — There are usually nine pairs of aortic intercostal arteries. 
They arise from the back of the aorta, and are distributed to the lower nine inter- 
costal spaces, the first and second spaces being supplied by the arteria intercostalis 
suprema, a branch of the costocervical trunk of the subclavian artery (p. 642). 
The right aortic intercostal arteries are longer than the left, on account of the 
position of the aorta on the left side of the vertebral column ; they cross the bodies 
of the vertebrse behind the oesophagus, thoracic duct, and vena azygos, and are 
covered by the right lung and pleura. The left aortic intercostal arteries run 
backwards on the sides of the vertebrae and are covered by the left lung and 
pleura ; the upper two vessels are crossed by the left superior intercostal vein, 
the lower vessels by the hemiazygos and accessory hemiazygos veins. The 
further course of the intercostal arteries is practically the same on both sides. 
Opposite the heads of the ribs the sympathetic trunk passes downwards in front 
of them, and the splanchnic nerves also descend in front of the lower arteries. 
Each artery then divides into an anterior and a posterior ramus. 

Each anterior ramus (fig* 694) crosses its intercostal space obliquely towards 
the angle of the upper rib, and thence is continued forward in the costal groove. It 
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is placed at first between the pleura and the posterior intercostal membrane, as 
far as the angle of the rib ; from this onward it runs between the Intercostales 
cxternus et interims, and anastomoses in front with the intercostal branch of the 
internal mammary or musculophrenic artery. Each artery is accompanied by a 
■vein and a nerve, the former being above and the latter below the artery, except in 
the upper spaces, where the nerve is at first above the artery. The first aortic 
intercostal artery anastomoses with the arteria intercostalis suprema, and may 
form the chief supply of the second intercostal space. The lower two intercostal 
arteries are continued anteriorly from the intercostal spaces into the abdominal 
wall and anastomose with the subcostal, superior epigastric, and lumbar arteries. 

Each anterior ramus gives off the following branches : 

Collateral intercostal. Lateral cutaneous. 

Muscular. Mammary. 

The collateral intercostal branch comes off: the anterior ramus of the intercostal artery 
near the angle of the rib, and descends to the upper border of the rib below, along which 
it courses to anastomose with an intercostal branch of the internal mammary or musculo- 
phrenic artery. The collateral branches of the lower two anterior rami are sometimes 
absent; if present, they are small and end in the abdominal muscles. 

Muscular branches are given to the Intercostales and Pectorales and to the Serratus 
anterior; they anastomose with the highest and lateral thoracic branches of the axillary 
artery. 

The lateral cutaneous branches accompany the lateral cutaneous branches of the 
thoracic nerves. 

Mammary branches are given off by the vessels in the second, third, and fourth 
spaces; they increase considerably in size during the period of lactation. 

The right bronchial artery may arise from the first intercostal artery (p. 663). 

Each posterior ramus runs backwards through a space which is bounded above 
and below by the necks of the ribs, medially by the body of a vertebra, and laterally 
by an anterior costotransverse ligament. It gives off a spinal branch which enters 
the vertebral canal through the intervertebral foramen, and is distributed to the 
vertebrae and to the medulla spinalis and its membranes, anastomosing with the 
spinal arteries above and below and with the artery of the opposite side. The 
posterior ramus then courses over the transverse process with the posterior division 
of the thoracic nerve, supplies branches to the muscles of the back, and a cutaneous 
branch which accompanies the cutaneous branch of the posterior division of the 
nerve. 

Applied Anatomy . — The position of the anterior rami of the intercostal vessels should 
be borne in mind in performing the operation of paracentesis thoracis. The puncture 
should never be made nearer the middle line posteriorly than the angle of the rib, as the 
artery crosses the space medial to this point. In the lateral portion of the chest, where 
the puncture is usually made, the artery lies at the upper part of the intercostal space, 
and therefore the puncture should be made just above the upper border of the rib forming 
the lower boundary of the space. 

The relation of the Diaphragm to the deep surface of the lower intercostal spaces must 
be remembered, otherwise the abdominal cavity may be opened inadvertently while 
making incisions in these spaces. 

The subcostal arteries, so named because they lie below the last ribs, are in 
series with the intercostal arteries. Each passes along the lower border of the 
twelfth rib behind the kidney and in front of the Quadratus lumborum, and 
is accompanied by the twelfth thoracic nerve. It then pierces the posterior apo- 
neurosis of the Transversus abdominis, and, passing forward between this muscle 
and the Obliquus internus, anastomoses with the superior epigastric, lower inter- 
costal, and lumbar arteries. Each subcostal artery gives off a posterior branch 
which has a distribution similar to the posterior ramus of an intercostal artery. 

A small aberrant artery is sometimes found arising from the right side of the thoracic 
aorta near the origin of the right bronchial. It passes upwards and to the right behind 
the trachea and the oesophagus, and may anastomose with the right arteria intercostalis 
suprema. It represents the remains of the right dorsal aorta (p. 121) r and in a small 
proportion of cases is enlarged to form the first part of the right subclavian artery. 
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The Abdominal Aorta (fig, 695) 

The abdominal aorta begins at the aortic hiatus of the Diaphragm, in 
front of the lower border of the body of the last thoracic vertebra, and, 
descending in front of the vertebral column, ends on the body of the fourth 
lumbar vertebra, a little to the left of the middle line, by dividing into the two 
common iliac arteries. It diminishes rapidly in size, in consequence of the large 
branches which arise from it. 


Fig. 695. — The abdominal aorta and its branches. 



Relations.— The abdominal aorta is covered, anteriorly, by the omental bursa 
and stomach, behind which are the branches of the ccehac artery and the ccehao 
plexus of nerves ; below these, by the lienal vein, the pancreas, the left renal vein, 
the horizontal part of the duodenum, the root of the mesentery, the peritoneum 
and coils of the small intestine, and the aortic plexus of nerves. Posteriorly it is. 
separated from- the lumbar vertebra and intervertebral fibroeaitilages by the 
anterior longitudinal ligament and the left lumbar veins. On the right side it is m 
relation above with the cisterna chyli, thoracic duct azygos vem and the n^ht 
crus of the Diaphragm— the last separating it from the upper part of the inferior 
vena cava, and Lm the right coeliac ganglion ; the inferior jena cava is in contact, 
with the aorta below the level of the second lumbar vertebra. On the left side are- 
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the left crus of the Diaphragm, the left coeliac ganglion, the ascending part of the 
duodenum, some coils of the small intestine, the left sympathetic trunk, inferior 
mesenteric and left testicular (spermatic) vessels, and the left ureter. 

Applied Anatomy . — Aneurysm of the abdominal aorta occurs most frequently at its 
upper part close to and often involving the coeliac artery, since here the vessel rapidly 
narrows after giving off several large branches, and its walls have lost the support afforded 
higher up by the crura of the Diaphragm. 

If the aneurysm enlarges forwards it forms a pulsating tumour in the left hypo- 
chondriac or epigastric regions ; by pressure upwards at the same time it may interfere 
with the movements of the Diaphragm and embarrass respiration, or may compress the 
oesophagus and produce dysphagia ; pressure on the stomach and coeliac plexus gives rise 
to dyspepsia, while jaundice may follow pressure on the bile duct and duodenum, or polyuria, 
albuminuria, hsematuria and anuria pressure on the renal vessels and nerves ; if the inferior 
vena cava is compressed there may be oedema of the lower limbs. This form of aneurysm 
may burst into the peritoneal cavity, behind the peritoneum, between the layers of the 
mesentery, or more rarely into the duodenum. 

When an aneurysm of the abdominal aorta enlarges backwards it usually produces 
absorption of the bodies of the vertebrae, pain is invariably present and is usually of two 
kinds — a fixed and constant pain in the back, caused by the tumour eroding the bones, 
and a sharp lancinating pain radiating to the loins, hypogastrium and buttocks along the 
branches of the lumbar nerves which are pressed on by the tumour. 

Occlusion of the abdominal aorta by thrombosis or embolism is rare, but produces very 
severe symptoms when it does occur. The patient complains of intense pain in the legs ; 
pallor of the legs, followed by coldness, lividity, paresis, paralysis, and finally gangrene 
are likely to succeed, death usually supervening within a fortnight. 

The abdominal aorta has been tied in several cases, and although none of the patients 
permanently recovered, still, as one case lived forty-eight days, the possibility of the 
re-establishment of the circulation may be considered to be proved. 

Collateral Circulation . — The collateral circulation would be carried on by the anasto- 
moses between the internal mammary and the inferior epigastric arteries ; by the free 
communication between the superior and inferior mesenteric arteries, if the ligature were 
placed between these vessels ; or by the anastomosis between the inferior mesenteric and 
the internal pudendal arteries, when (as is more common) the point of ligature is below 
the origin of the inferior mesenteric artery ; and possibly by the anastomoses of the lumbar 
arteries with the branches of the hypogastric artery. 


The Branches oe the Abdominal Aorta (fig. 695) 

The branches of the abdominal aorta may be divided into three sets : 
visceral, parietal, and terminal. 


Visceral branches. 
Coeliac. 

Superior mesenteric. 
Inferior mesenteric. 
Middle suprarenal. 
Benal. 

Testicular (in the male). 
Ovarian (in the female). 


Parietal branches. 

Inferior phrenic. 
Lumbar. 

Middle sacral. 

Terminal branches . 
Common iliac. 


Of the visceral branches, the coeliac artery and the superior and inferior 
mesenteric arteries are unpaired ; the suprarenal, renal, testicular, and ovarian 
arteries are paired. Of the parietal branches, the middle sacral artery is 
unpaired ; the inferior phrenic and lumbar arteries are paired. The terminal 
branches are paired. 


The Cceliac Artery (figs. 696, 697) 

The cceliac artery is a thick trunk, about 1*25 cm. long, which arises 
from the front of the aorta, just below the aortic hiatus of the Diaphragm; 
it passes nearly horizontally forwards above the pancreas and the lienal vein, 
and divides into three large branches, (I) left gastric , (2) hepatic , and (3) lienal 
on splenic; it occasionally gives off one of the inferior phrenic arteries. 
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Relations. — The coeliac artery is covered by the omental bursa and surrounded 
by the coeliac plexus of nerves. On its right side are the right coeliac ganglion, the 
right crus of the Diaphragm, and the caudate process of the liver, on its left side 
the left coeliac ganglion, the left crus of the Diaphragm, and the cardiac end of the 
stomach. Below it are the upper border of the pancreas and the lienal vein. 

1. The left gastric artery (coronary artery) (fig. 696), the smallest 
branch of the coeliac artery, passes upwards and to the left, behind the omental 
bursa, to the cardiac orifice of the stomach. Here it gives off branches which 


Fig. 696. — The coeliac artery and its branches ; the liver has been raised, and 
the lesser omentum, the anterior layer of the greater omentum, and the 
posterior wall of the omental bursa removed. 



ascend on the oesophagus, and anastomose with the aortic oesophageal arteries ; 
others supply the cardiac part of the stomach, and anastomose with branches 
of the lipna.) artery. The artery then turns forwards and downwards, and runs 
along the lesser curvature of the stomach to the pylorus, between the layers 
of the lesser omentum ; it gives branches to both surfaces of the stomach and 
anastomoses with the right gastric artery. . . , £ 

2. The hepatic artery (fig. 696) is intermediate m size between the leit 
gastric and lienal arteries. It is first directed forwards and to the right, to 
the upper margin of the superior part of the duodenum, forming the lower 
boundary of the epiploic foramen (foramen of Winslow). It then crosses m 
front of the portal vein, and ascends between the layers of the lesser omentum, 
and in front of the epiploic foramen, to the porta hepatis, where it divides into 
a right and a left branch, which supply the corresponding lobes of the liver, 
accompanying the ramifications of the portal vein and hepatic ducts. In the 
lesser omentum the hepatic artery lies in front of the portal vein, and on the 
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left of the bile-duct. The distribution of the hepatic artery within the liver 
is described with the anatomy of the liver, in the section on Splanchnology. 

Its branches are : 

Right gastric. Gastroduodenal. Cystic. 

The right gastric artery (pyloric artery) (fig. 696) arises from the hepatic artery 
above the superior part of the duodenum ; it descends in the lesser omentum to 
the pyloric end of the stomach, and passes from right to left along its lesser curvature, 
supplying it with branches, and anastomosing with the left gastric artery. 

Fig. 697. — The coeliac artery and its branches ; the stomach has been raised 
and the peritoneum removed. 


Branches to greater omentum, 



The gastroduodenal artery (fig. 697) is a short but large branch, which descends, 
near the pylorus, between the superior part of the duodenum and the neck of the 
pancreas, and divides at the lower border of the duodenum into two branches, 
the right gastro-epiploic and the superior pancreaticoduodenal arteries. Previous to 
its division it gives off two or three small "branches to the pyloric end of the stomach 
and to the pancreas. 

The right gastro-epiploic artery (figs. 696. 697), the larger terminal branch of 
the gastroduodenal artery, runs from right to left along the greater curvature of 
the stomach, between the layers of the greater omentum, and ends by anastomosing 
with the left gastro-epiploic branch of the lienal artery. Except at the pylorus, 
where it is in contact with the stomach, it lies about a finger’s breadth from the 
greater curvature. This vessel gives off numerous branches, some of which ascend 
to supply both surfaces of the stomach, while others descend in the greater omentum 
and anastomose with branches of the middle colic artery. 

The superior pancreaticoduodenal artery (fig. 697) descends between the duo- 
denum and the head of the pancreas. It supplies both these organs, and anastomoses 
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with, the inferior pancreaticoduodenal branch of the superior mesenteric artery, 
•and with the pancreatic branches of the lienal artery. 

The cystic artery (fig. 696), usually a branch of the right hepatic artery, passes 
downwards and forwards along the neck of the gall-bladder, and divides into two 
branches, one of which ramifies on the free surface, the other on the attached surface 
of the gall-bladder. 

3. The lienal or splenic artery (figs. 696, 697), the largest branch of the 
coeliac artery, is remarkable for the tortuosity of its course. Accompanied by 
the lienal vein which lies below- it, it passes horizontally to the left, behind 
the stomach and the omental bursa of the peritoneum, and along the upper 
border of the pancreas ; it then crosses in front of the left suprarenal gland 
and the upper part of the left kidney, and, on arriving near the spleen, divides 
into branches. Some of these branches enter the hilum of the spleen between 
the two layers of the lienorenal ligament ; some are given to the pancreas, 
while others pass to the greater curvature of the stomach between the 
layers of the gastrolienal ligament. Its branches are : 

Pancreatic. Short gastric. 

Left gastro- epiploic. 

The pancreatic branches (fig. 697) are numerous small vessels supplying the body 
and tail of the pancreas ; they are derived from the lienal artery as it runs along 
the upper border of the pancreas. One branch, larger than the rest, is sometimes 
given off near the tail of the pancreas ; it runs from left to right near the posterior 
surface of the gland, following the course of the pancreatic duct, and is called the 
arteria pancreatica magna. These vessels anastomose with the pancreatic branches 
of the superior and inferior pancreaticoduodenal arteries. 

The short gastric arteries (vasa brevia) (fig. 697) consist of from five to seven 
small branches which arise from the end of the lienal artery, and from its terminal 
divisions. They pass from left to right, between the layers of the gastrolienal liga- 
ment, and are distributed to the greater curvature of the stomach, anastomosing 
with branches of the left gastric and left gastro-epiploic arteries. 

The left gastro-epiploic artery (figs. 696, 697), the largest branch of the lienal 
artery, runs from left to right about a finger’s breadth from the greater curvature 
of the stomach, between the layers of the greater omentum, and anastomoses with 
the right gastro-epiploic artery. It distributes several ascending branches to both 
surfaces of the stomach ; others descend to supply the greater omentum and 
anastomose with branches of the middle colic aTtery. 

Applied Anatomy . — Embolism of branches of the lienal artery is tolerably common 
in heart disease, the embolus coming from the left side of the heart. It is characterised 
by the occurrence of a sudden sharp pain or ‘ stitch ’ in the splenic region, with subse- 
quent local enlargement of the spleen from the formation of an infarct in its substance. 


The Superior Mesenteric Artery (fig. 698) 

The superior mesenteric artery supplies the whole of the small intestine 
except the superior part of the duodenum ; it also supplies the caecum and 
the ascending colon and about one-half of the transverse colon. It arises 
from the front of the aorta about 1 cm. below the coeliac artery, and is 
crossed at its origin by the lienal vein and the neck of the pancreas. It passes 
downwards and forwards, anterior to the processus uncinatus of the head of 
the pancreas and the horizontal part of the duodenum, and descends between the 
layers of the mesentery to the right iliac fossa, where, considerably diminished 
in size, it anastomoses with one of its own branches, viz. the ileocolic artery. 
In its course it crosses in front of the inferior vena cava, the right ureter, and 
Psoas major, and forms an arch, the convexity of which is directed forwards, 
downwards, and to the left side. It is accompanied by the superior mesenteric 
vein, which lies to its right side, and is surrounded by the superior mesenteric 
plexus of nerves. Its branches are : 

Inferior pancreaticoduodenal. Ileocolic. 

Jejunal and ileal. Right colic. 


Middle colic. 
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The inferior pancreaticoduodenal artery (fig. 697) springs from the superior 
mesenteric artery or from its first jejuna] branch, opposite the upper border of 
the inferior part of the duodenum. It courses to the right between the head of the 
pancreas and duodenum, and then ascends to anastomose with the superior pan- 
creaticoduodenal artery. It distributes branches to the head of the pancreas 
and to the descending, horizontal and ascending parts of the duodenum. 


Fig. 698. — The superior mesenteric artery and its branches. 



The jejunal and ileal arteries (vasa intestini tenuis) (fig. 698) arise from the left 
side of the superior mesenteric artery. They are usually from twelve to fifteen in 
number, and are distributed to the jejunum and ileum, with the exception of the 
terminal part of the latter which is supplied by the ileocolic artery. They run 
nearly parallel with one another between the layers of the mesentery, each 
vessel dividing into two branches, which unite with adjacent branches, to form a 
series of arches (fig. 699). From these arches branches arise and unite to form 
a second series of arches, and the process may be repeated three or four times. 
In the short, upper part of the mesentery only one set of arches exists, but as the 
mesentery increases in depth, second, third, fourth, and even fifth groups are 
present. From the terminal arches numerous small straight vessels arise which are 
distributed to the intestine. From the jejunal and ileal arteries small branches 
are given off to the lymph-glands and other structures between the layers of the 
mesentery. 
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Fie. 699. — A loop of the small intestine showing the distribution of the intestinal 
arteries. (From a preparation by Hamilton Drummond.) 



The vessels were injected while the gut was in situ ; the gut was then 
removed, and an a>ray photograph taken. 


Fig, 700. — The arteries of the caecum and vermiform process. 
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The ileocolic artery (fig. 698) is the lowest of the branches arising from the con- 
cavity of the superior mesenteric artery. It passes downwards a,nd to the right 
behind the peritoneum, towards the right iliac fossa, where it divides into a 
superior and an inferior branch ; the superior branch anastomoses with the right 
colic artery, the inferior with the end of the superior mesenteric artery. 

The inferior branch of the ileocolic runs towards the upper border of the ileocolic 
junction and supplies the following branches (fig. 700) : (a) colic, which pass upwards on 
the ascending colon; (b) anterior and posterior ccecal, which are distributed to the front 
and back of the caecum; (c) an appendicular artery, which descends behind the termina- 
tion of the ileum and enters the mesenteriole of the vermiform process ; it runs near the 
free margin of this mesenteriole and ends in branches which supply the vermiform 
process; and ( d ) ileal, which runs upwards and to the left on the lower part of the ileum, 
and anastomoses with the termination of the superior mesenteric artery. 

The right colic artery (fig. G98) arises from near the middle of the concavity 
of the superior mesenteric artery, or from a stem common to it and the ileocolic 
artery. It passes to the right behind the peritoneum, and in front of the right 
testicular (or ovarian) artery and vein, the right ureter, and the Psoas major, towards 
the ascending colon. Sometimes the vessel lies at a higher level, and crosses the 
descending part of the duodenum and the lower end of the right kidney. At the 
colon it divides into a descending branch, which anastomoses with the ileocolic 
artery, and an ascending branch, which anastomoses with the middle colic artery. 
These branches form arches, from the convexity of which vessels are distributed 
to the ascending colon. 

The middle colic artery (fig. 698) arises from the superior mesenteric artery just 
below the pancreas and, passing downwards and forwards between the layers of the 
transverse mesocolon, divides into a right and a left branch ; the former anastomoses 
with the right colic artery ; the latter with the left colic artery, a branch of the 
inferior mesenteric artery. The arches thus formed are placed about two fingers’ 
breadth from the transverse colon, to which they distribute branches. Branches 
of the middle colic artery also anastomose with branches of the right and left 
gastro-epiploic arteries. 


The Inferior Mesenteric Artery (fig. 701) 

The inferior mesenteric artery supplies the left half of the transverse 
colon, the whole of the descending colon, the sigmoid colon, and the greater 
part of the rectum. It is smaller than the superior mesenteric artery, and 
arises from the aorta, about 3 or 4 cm. above its division into the common 
iliac arteries, and close to the lower border of the horizontal part of the 
duodenum. It descends behind the peritoneum, lying at first in front, and then 
on the left side of the aorta. It crosses the left common iliac artery on the 
medial side of the left ureter, and is continued into the lesser pelvis as the 
superior hcemorrhoidal artery, between the two layers of the sigmoid mesocolon, 
and ends on the upper part of the rectum. Its branches are : 

Left colic. Sigmoid. Superior hsemorrhoidal. 

The left colic artery (fig. 701) runs to the left behind the peritoneum and in front 
of the Psoas major, and, after a short but variable course, divides into an ascending 
and a descending branch ; the trunk or the branches of the artery cross the left 
uretet and left testicular vessels. The ascending branch passes in front of the left 
kidney and then between the two layers of the transverse mesocolon where it 
anastomoses with the middle colie artery ; the descending branch anastomoses with 
the highest sigmoid artery. Prom the arches formed by these anastomoses branches 
are distributed to the descending colon and the left half of the transverse colon. 

The sigmoid arteries (figs. 701, 702), two or three in number, run obliquely 
downwards and to the left behind the peritoneum and in front of the Psoas major, 
ureter, and testicular vessels. Their branches supply the lower part of the descend- 
ing colon and the sigmoid colon, anastomosing above with the left colic artery, and 
below with the superior hsemorrhoidal artery. 

The superior haemorrhoidal artery (figs. 701, 702), the continuation of the inferior 
mesenteric artery, descends into the pelvis between the layers of the sigmoid meso- 
colon, crossing, in its course, the left common iliac vessels. It divides, opposite 



THE INFERIOR MESENTERIC ARTERY 


673 


the third sacral vertebra, into two branches : these descend one on either side of the 
rectum,, and supply its mucous membrane as far as the anal canal, and the upper 
part of its muscular coat ; about 10 or 12 cm. from the anus the two arteries break 
up into several small branches. These pierce the muscular coat of the bowel and 
run straight downwards in the wall of the gut between its muscular and mucous 


Fig. 701. — The inferior mesenteric artery and its branches. 



coats, to the level of the Sphincter ani internus ; here they form a series of loops 
around the lower end of the rectum, and communicate with the middle hemor- 
rhoidal branches of the hypogastric artery, and with the inferior hemorrhoidal 
branches of the internal pudendal artery. 

Applied Anatomy . — Embolism of the mesenteric arteries produces acute and severe 
symptoms, of which the chief are abdominal pain and tenderness, nausea and vomiting, 
diarrhoea or constipation; blood is found in the stools of nearly half the patients. In 
many cases the symptoms closely resemble those of intestinal obstruction. 

As a result of the free anastomoses between the left colic and sigmoid arteries a 
continuous “marginal artery” descends, near the gut, from the left colic? flexure to the 
distal end of the sigmoid flexure, where it stops, because the superior hemorrhoidal artery 
does not divide into arch-forming branches. The point where, the lowest sigmoid artery 
anastomoses with the superior hemorrhoidal artery is therefore sometimes named the 
“ critical point.” Ligature of these two arteries will almost certainly result in gangrene 
of the part of the rectum which is supplied by them. If, however, the inferior mesenteric 
artery be tied proximal to the origin of its lowest sigmoid branch, blood can pass through 

the latter branch into the superior hemorrhoidal artery. 


O.A. 


v 
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The Middle Suprarenal Arteries 

The middle suprarenal arteries are two small vessels which arise, one 
from either side of the aorta, opposite the superior mesenteric artery. Each 
passes lateralwards and slightly upwards, over the crus of the Diaphragm, 
to the suprarenal gland, where it anastomoses with suprarenal branches of 
the inferior phrenic and renal arteries. 


The Renal Arteries (fig. 695) 

The renal arteries are two large trunks, which arise from the sides of 
the aorta, immediately below the superior mesenteric artery. Each is directed 
across the crus of the Diaphragm, so as to form nearly a right angle with the 
aorta. The right is longer than the left, on account of the position of the 
aorta ; it passes behind the inferior vena cava, the right renal vein, the head 
of the pancreas, and the descending part of the duodenum. The left is a little 
higher than the right ; it lies behind the left renal vein, the body of the pancreas 
and the lienal vein, and is crossed by the inferior mesenteric vein. Before 
reaching the hilum of the kidney, each artery divides into four or five branches ; 
most of these lie between the renal vein and renal pelvis, the vein being in front, 
the pelvis behind, but one or more branches are usually situated behind the 
pelvis. Each vessel gives off some small inferior suprarenal branches to the 
suprarenal gland, and supplies twigs to the ureter and the surrounding cellular 
tissue and muscles. 

One or two accessory renal arteries are frequently found, more especially on the 
left side : they usually arise from the aorta, and may come off above or below the main 
artery, the former being the more common position. Instead of entering the kidney 
at the hilum, they usually pierce the upper or lower part of the kidney; an accessory 
artery to the lower part of the kidney crosses in front of the ureter. 


The Testicular Arteries (fig. 695) 

The testicular, arteries (internal spermatic arteries) are two long slender 
vessels which arise from the front of the aorta a little below the renal arteries. 
Each passes obliquely downwards and lateralwards behind the peritoneum, 
resting on the Psoas major ; the right artery lies in front of the inferior vena 
cava and behind the right colic and ileocolic arteries and the terminal part 
of the ileum ; the left artery passes behind the left colic and sigmoid arteries, 
and the iliac part of the descending colon. Each artery crosses obliquely over 
the ureter and the lower part of the external iliac artery to reach the abdominal 
inguinal ring, through which, accompanied by the other constituents of the 
spermatic cord, if enters the inguinal canal and passes to the scrotum, where 
it becomes tortuous and divides into several branches. Two or three of these 
accompany the ductus deferens, and supply the epididymis, anastomosing 
with the artery of the ductus deferens ; others pierce the back part of the 
tunica albuginea, and supply the substance of the testis. The testicular artery 
supplies one or two small branches to the ureter, and in the inguinal canal 
gives one or two twigs to the Cremaster. 


The Ovarian Arteries 

The ovarian arteries in the female correspond to the testicular arteries 
in the male. They supply the ovaries, are shorter than the testicular arteries, 
and end in the pelvic cavity. The origin and course of the first part of each 
artery are the same as those of the testicular artery, but on arriving at the 
upper opening of the lesser pelvis the artery passes medialwards between 
the two layers of the broad ligament of the uterus below the uterine tube. 
At the level of the ovary it runs backwards in the mesovarium and breaks 
up into branches which are distributed to the ovary. Small branches are 
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given to the ureter and the uterine tube, and one passes on to the side of the 
uterus, and unites with the uterine artery. Other offsets are continued on 
the round ligament of the uterus, through the inguinal canal, to the skin of 
the labium majus and the groin. 


Fig. 702. — The sigmoid colon and rectum, showing the distribution of the 
branches of the inferior mesenteric artery, and their anastomoses. (From 
a preparation by. ‘Hamilton Drummond.) 



At an early period of foetal life, when the testes or ovaries lie by the side 
of the vertebral column, below the kidneys, the testicular and ovarian arteries 
are short ; but with the descent of the testicles into the scrotum, and of the 
ovaries into the pelvis, the arteries are gradually lengthened. 


The Inferior Phrenic Arteries (fig. 695) 

The inferior phrenic arteries are two small vessels which supply the 
Diaphragm. They present much variety in their origins ; they may arise 
separately from the front of the aorta, immediately above the eceliac artery, 
or by a common trunk, which may spring either from the aorta or from the 
coeliac artery ; sometimes one artery is derived from the aorta, and the other 
from one of the renal arteries. They diverge from one another across the 
crura of the Diaphragm, and then run obliquely upwards and lateralwards upon 
its under surface. The left phrenic passes behind the oesophagus, and runs 
forwards on the left side of the oesophageal hiatus. The right phrenic passes 
behind the inferior vena cava, and along the right side of the foramen which 
transmits that vein. Near the posterior border of the central tendon of the 
Diaphragm each vessel divides into a medial and a lateral branch. The medial 
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branch curves forwards, and anastomoses with its fellow^ of the opposite side, 
and with the musculophrenic and pericardiacophrenic arteries. The lateral 
branch passes towards the side of the thorax, and anastomoses with the lower 
intercostal arteries, and with the musculophrenic artery. The lateral branch 
of the right artery gives off a few twigs to the inferior vena cava ; and the left 
artery sends some branches to the oesophagus. Each vessel gives off superior 
suprarenal brandies to the suprarenal gland of its own side. The liver and 
the spleen also receive a few twigs from the right and left vessels respectively. 


The Lumbar Arteries 

The lumbar arteries are in series with the intercostal arteries. Usually 
four in number on either side, they arise from the back of the aorta, opposite 
the bodies of the upper four lumbar vertebrse. A fifth pair, small in size, 
occasionally arises from the middle sacral artery ; but the lumbar branches of 
the iliolumbar arteries usually take the place of the fifth pair. The lumbar 
arteries run lateralwards and backwards on the bodies of the lumbar vertebrse, 
behind the sympathetic trunk, to the intervals between the adjacent transverse 
processes, and are then continued into the abdominal wall. The arteries of 
the right side pass behind the inferior vena cava, and the upper two on either 
side run behind the corresponding crus of the Diaphragm. The arteries of 
both sides pass beneath the tendinous arches which give origin to the Psoas 
major, and are continued behind this muscle and the lumbar plexus. They 
then cross the Quadratus lumborum, the upper three arteries running behind, 
the last usually in front of it. At the lateral border of the Quadratus lumborum 
they pierce the posterior aponeurosis of the Transversus abdominis, and are 
carried forwards between this muscle and the Obliquus internus. They 
anastomose with one another and with the lower intercostal, subcostal, ilio- 
lumbar, deep iliac circumflex, and inferior epigastric arteries. 

Branehe.s . — Each lumbar artery gives off a posterior ramus which, passing backwards 
between the transverse processes, is distributed to the muscles and skin of the back. 
The posterior ramus also furnishes a spinal branch which enters the vertebral canal and 
supplies its contents, anastomosing with the arteries above and below it, and with the 
artery of the opposite side. Branches are also given by the lumbar arteries and their 
posterior rami to the neighbouring muscles. 


The Middle Sacral Artery (fig. 695) 

The middle sacral artery is a small vessel, which arises from the back of 
the aorta, a little above its bifurcation. It descends in the middle line in 
front of the fourth and fifth lumbar vertebrse, the sacrum and coccyx, and 
ends in the glomus coccygeum (coccygeal gland). At the level of the fifth 
lumbar vertebra it is crossed by the left common iliac vein, and it frequently 
gives off on either side a small lumbar artery ( arteria lumbalis ima ). Minute 
branches are said to pass from it to the posterior surface of the rectum. On 
the last lumbar vertebra it anastomoses with the lumbar branch of the ilio- 
lumbar artery ; in front of the sacrum it anastomoses with the lateral sacral 
arteries, and sends offsets into the anterior sacral foramina. 


The Common Iliac Arteries (figs. 695, 703) 

The abdominal aorta divides, on the left side of the body of the fourth 
lumbar vertebra, into the two common iliac arteries which diverge from the 
termination of the aorta, pass downwards and lateralwards, and divide opposite 
the fibrocartilage between the last lumbar vertebra and the sacrum, into two 
branches, the external iliac and hypogastric arteries : the former supplies the 
greater part of the lower extremity ; the latter, the viscera and parietes of the 
pelvis, and the glutml region. 
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The right common iliac artery (figs. 695, 703), about 5 cm. long, passes 
obliquely across the body of the last lumbar vertebra. In front of it are the 
peritoneum, the small intestine, branches of the sympathetic nerves, and, at 
its point of division, the ureter. Behind , it is separated from the bodies 
of the fourth and fifth lumbar vertebrae and the intervening fibr ©cartilage by 
the terminations of the two common iliac veins and the commencement of 
the inferior vena cava. Laterally , it is in relation, above, with the inferior 
vena cava and the right common iliac vein ; below, with the Psoas major. 
Medial to it, above, is the left common iliac vein. 


Fig. 703. — The arteries of the pelvis. Right side. 



The left common iliac artery (695), about 4 cm. long, is in relation, in front 
with the peritoneum, the small intestine, branches of the sympathetic nerves, 
and the superior hsemorrhoidal artery, and is crossed at its point of bifurcation 
by the ureter. It rests on the bodies of the fourth and fifth lumbar vertebras, 
and the intervening fibrocartilage. The left common iliac vein lies partly 
medial to, and partly behind, the artery ; laterally , the artery is in relation with 
the Psoas major. 

Branches —The common iliac arteries give ofi small branches to the 
peritoneum, Psoas major, ureters, and the surrounding areolar tissue, and 
occasionally give origin to the iliolumbar or to the accessory renal arteries. 

Peculiarities.— The points of origin of the common iliac arteries vary according to tie 
bifurcation of the aorta, which in most cases occurs either upon the fourth lumbar 
vertebra, or upon the fibrocartilage between it and the fifth. 
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The common iliac arteries may divide above or below the usual level. 

The length of the arteries varies from 3*5 to 7*5 cm. In rare instances, the right 
common iliac has been found wanting, the external iliac and hypogastric arteries arising 
directly from the aorta. 

Applied Anatomy . — The easiest and best method of tying the common iliac, artery is 
by a transperitoneal route. The abdomen is opened, the intestines are drawn aside, the 
peritoneum covering the artery divided and the ureter carefully identified; the sheath 
of the artery is then opened, and the needle passed from the medial to the lateral side. 
On the right side great care must be exercised in passing the needle, since both the 
common iliac veins lie behind the artery. 

Collateral Circulation . — The principal agents in carrying on the collateral circulation 
after the application of a ligature to the common iliac are : the anastomoses of the 
hoemorrhoidal branches of the hypogastric artery with the superior hemorrhoidal 
branches from the inferior mesenteric artery; of the uterine, ovarian, and vesical arteries 
of the opposite sides; of the lateral sacral arteries with the middle sacral artery; of the 
inferior epigastric artery with the internal mammary, lower intercostal, and lumbar 
arteries; of the deep iliac circumflex artery with the lumbar arteries; of the iliolumbar 
artery with the last lumbar artery ; of the obturator artery, by means of its pubic branch, 
with the vessel of the opposite side and with the inferior epigastric artery. 


The Hypogastric Artery (fig. 703) 

The hypogastric or internal iliac artery, about 4 cm. long, arises at the 
bifurcation of the common iliac artery, opposite the lumbosacral articulation ; 
it descends to the upper margin of the greater sciatic foramen where it divides 
into an anterior and a jp osier ior trunk. 

Relations. — It is in relation in front with the ureter ; behind, with the internal 
iliac vein, the lumbosacral nerve-trunk, and the Piriformis; laterally , near its 
origin, with the external iliac vein, which lies between it and the Psoas major ; 
lower down, with the obturator nerve. 

In the foetus , the hypogastric artery is twice as large as the external iliac 
artery, and is the direct continuation of the common iliac artery. It ascends on 
the back of the anterior wall of the abdomen to the umbilicus, converging 
towards its fellow of the opposite side. Having passed through the umbilical 
opening, the two arteries, now termed umbilical , enter the umbilical cord, 
where they are coiled round the umbilical vein, and ultimately ramify in the 
placenta. 

At birth, when the placental circulation ceases, the pelvic portion only of 
the artery remains patent and constitutes the hypogastric artery and the first 
part of the superior vesical artery of the adult ; the remainder of the vessel is 
converted into a fibrous cord, the lateral umbilical ligament (obliterated hypo- 
gastric artery), which extends from -the pelvis to the umbilicus. 

Peculiarities . — The lengths of the hypogastric and common iliac arteries bear an 
inverse proportion to each other. 

The ii .... o. vision of the hypogastric artery varies between the upper margin of the 
sacrum cr ii i::c opper border o’ ire greater sciatic foramen. 

Applied Anatomy . — For the application of a ligature to the hypcg-stric artery the 
vessel is best secured by an abdominal section in the median line," die vessel being 
reached through the peritoneal cavity. It should be remembered that the vein lies 
behind, and, on the right side, a little lateral to the artery; the ureter lies in front of it. 

Collateral Circulation. — The circulation after ligature of the hypogastric artery is 
carried on by the anastomoses of the uterine and ovarian arteries ; of the vesical arteries 
of the two sides; of the hsemorrhoidal branches of the hypogastric artery with those from 
the inferior mesenteric artery; of the pubic branch of the obturator artery with the 
vessel of the opposite side, and with the inferior epigastric and medial femoral circumflex 
arteries ; of the circumflex and perforating branches of the arteria profunda femoris with 
the inferior glutseal artery ; of the superior glutaeai artery with the posterior branches of 
the lateral sacral arteries ; of the iliolumbar with the last lumbar artery ; of the middle 
sacral arteries with the lateral sacral artery; and of the iliac circumflex with the ilio- 
lumbar and superior glutseal arteries.* 

* For a description of a case in which Owen made a dissection ten years after ligature of 
the hypogastric artery, see Med.-Chir. Trans . voh xvi. 
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The branches of the hypogastric artery are : 

From the Anterior Trunk. From the Posterior Trunk. 

Superior vesical. Iliolumbar. 

Inferior vesical. Lateral sacral. 

Middle hemorrhoidal. Superior glutseal. 

Vaginal. ) In ^efemile. 

Obturator. 

Internal pudendal. 

Inferior glut-seal. 

The superior vesical artery (fig. 703) supplies numerous branches to the upper 
part of the bladder. From one of these a slender vessel, the artery to the ductus 

Fig. 704.- — The left uterine and ovarian arteries of an unmarried girl aged 174 years. 
Posterior aspect. (From a preparation by Hamilton Drummond.) 


Fimbriated end of uterine tube 



deferens , takes origin and accompanies the ductus deferens in its course to the 
testis, where it anastomoses with the testicular artery. Other branches supply the 
ureter. The first part of the superior vesical artery is the proximal, pervious portion 
of the fcetal hypogastric artery. 

The inferior vesical artery (fig. 703) frequently arises in common with the middle 
hsemorrhoidal artery, and is distributed to tbe fundus of the bladder, the prostate, 
the vesiculae seminales and the lower part of the ureter. The branches to the 
prostate communicate with the corresponding vessels of the opposite side. 

The middle hsemorrhoidal artery (figs, 702, 703) usually arises with the preceding 
vessel. It is distributed to the muscular coats of the rectum, anastomosing with 
the inferior vesical artery and with the superior and inferior hsemorrhoidal arteries. 
It gives offsets to the vesiculse seminales and prostate. 

The uterine artery (fig, 704) runs medialwards on the Levator ani and towards 
the cervix uteri ; about 2 cm. from the cervix it crosses above and in front of the 
ureter, to which it supplies a small branch. Reaching the side of the uterus it 
ascends in a tortuous manner between the two layers of the broad ligament to the 
junction of the uterine tube and uterus. It then runs lateralwards towards the 
hilum of the ovary, and ends by joining with the ovarian artery. It supplies 
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brandies to the cervix uteri and others which descend on the vagina ; the latter 
anastomose with branches of the vaginal arteries and form with them two median 
longitudinal vessels — the azygos arteries of the vagina — one of which descends in 
front of, and the other behind, the vagina. It supplies numerous branches to the 
body of the uterus, and from its terminal portion twigs are distributed to the uterine 
tube and the round ligament of the uterus. 

The vaginal artery usually corresponds to the inferior vesical in the male ; it 
descends upon the vagina, supplying its mucous membrane, and sends branches 
to the bulb of the vestibule, the fundus of the bladder, and the contiguous part of 
the rectum. It assists in forming the azygos arteries of the vagina, and is frequently 
represented by two or three branches. 

The obturator artery (fig. 703) passes forwards and downwards on the lateral wall 
of the pelvis, to the upper part of the obturator foramen, and, escaping from the 
pelvic cavity through the obturator canal, divides into an anterior and a posterior 
branch. In the pelvic cavity this vessel is in relation, laterally, with the obturator 
fascia, which separates it from the Obturator internus muscle ; medially, with 
the ureter, ductus deferens, and peritoneum; the obturator nerve is above it, 
and the obturator vein below it. 

Branches. — Inside the pelvis, the obturator artery gives off (a) iliac branches to the iliac 
fossa ; these supply the bone and the Iliaeus, and anastomose with the iliolumbar artery ; 
(b) a vesical branch which runs medial wards to the bladder and may replace the inferior 
vesical branch of the hypogastric artery ; and ( c ) a pubic branch which springs from the 
vessel just before it leaves the pelvic cavity ; this branch ascends upon the back of the 
os pubis and anastomoses "with the corresponding vessel of the opposite side, and with 
the pubic branch of the inferior epigastric artery. 

Outside the pelvis , the obturator artery divides at the upper margin of the obturator 
foramen, into an anterior and a posterior branch which encircle the foramen under cover 
of the Obturator externus. 

The anterior branch runs forwards on the outer surface of the obturator membrane 
and then curves downwards along the anterior margin of the foramen. It supplies 
branches to the Obturator externus, Pectincus, Adductores, and Gracilis, and anasto- 
moses with the posterior branch, and with the medial femoral circumflex artery. 

The posterior branch follows the posterior margin of the foramen and turns forwards 
on the inferior ramus of the ischium where it anastomoses with the anterior branch. It 
gives twigs to the muscles attached to the ischial tuberosity and anastomoses with the 
inferior glutaeal artery. It also supplies an articular branch which ent^s the Mp-joint 
through the acetabular notch, ramifies in the fat at the bottom of the s*.-- -\ ;ri.- - him, ?n'.d 
sends a twig along the ligamentum teres to the head of the femur. 


Fig. 705. — -Variations in the course of an abnormal obturator artery. 




Peculiarities . — In about 28 per cent, of subjects the place of the obturator artery is 
taken by an enlarged pubic branch of the inferior epigastric artery (p. 686) ; this branch 
descends almost vertically to the upper part of the obturator foramen. The artery 
usually lies in contact with the external iliac vein, and on the lateral side of the femoral 
ring (fig. 705a) ; in such cases it would not be endangered in the operation for strangu- 
lated femoral hernia. Occasionally, however, it curves along the free margin of the 
lacunar ligament (fig. 705b), and if in such circumstances a femoral hernia occurred, 
the vessel would almost completely encircle the neck of the hernial sac, and would be 
in great danger of being wounded if an operation were performed for strangulation. It 
sometimes arises from the main stem or from the posterior trunk of the hypogastric 
artery, or it may spring from the superior glutaeal artery : occasionally it arises from the 
external iliac artery. 

The internal pudendal artery (figs. 703, 706, 707), the smaller of the two terminal 
branches of the anterior trunk of the hypogastric artery, supplies the external 
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organs of generation. Though the course of the artery is the same in the two sexes, 
the vessel is smaller in the female than in the male, and the distribution of its 
branches somewhat different. The description of the artery in the male will first 
be given, and subsequently the differences which it presents in the female will be 
mentioned. 

The internal pudendal artery in the male passes downwards and lateral wards 
to the lower border of the greater sciatic foramen, and emerges from the pelvis 
between the Piriformis and Coccygeus ; it then crosses the ischial spine, and enters 
the permasura through the lesser sciatic foramen. The artery now crosses the 
Obturator internus, along the lateral wall of the ischiorectal fossa, being situated 
about 4 cm. above the lower margin of the ischial tuberosity. It gradually 
approaches the margin of the inferior ramus of the ischium and passes forwards 
between the two layers of the fascia of the urogenital diaphragm ; it then runs 
forwards along the medial margin of the inferior ramus of the os pubis, and at a 
distance of about 1 *25 cm. behind the pubic arcuate ligament it pierces the inferior 
fascia of the urogenital diaphragm and divides into the dorsal and deep arteries 
of the penis. 

Relations. — Within the pelvis, it lies in front of the Piriformis, the sacral plexus 
of nerves, and the inferior glutseal artery. As it crosses the ischial spine, it is 
covered by the Glutseus maximus ; here the pudendal nerve lies to the medial 
side, and the nerve to the Obturator internus to the lateral side, of the vessel. In 
the perinseum it lies on the lateral wall of the ischiorectal fossa in a fascial canal 
(AlcocFs canal) ; it is accompanied by a pair of venae comitantes and the pudendal 
nerve. 

Branches. — The branches of the internal pudendal artery (figs. 706, 707) are : 

Muscular. Artery of the urethral bulb. 

Inferior haemorrhoidal. Urethral. 

Perinseal. Deep artery of the penis. 

Dorsal artery of the penis. 

The muscular branches consist of two sets ; one given off in the pelvis ; the other, _ as 
the vessel crosses the ischial spine. The first set consists of several small offsets which 
supply the Levator ani, the Obturator internus, the Piriformis, and the Coccygeus. The 
branches of the second set are distributed to the Glutseus maximus and the external 
rotator muscles of the thigh ; they anastomose with branches of the inferior glutseal 
artery. 

The inferior hsemorrhoidal artery arises from the internal pudendal as it passes above 
the ischial tuberosity. Piercing the wall of Alcock’s canal it divides into two or three 
branches which cross the ischiorectal fossa, and are distributed to the muscles and skin 
of the anal region, and send offshoots round the lower edge of the Glutseus maximus to 
the skin -of the buttock. They anastomose with the corresponding vessels of the opposite 
side, with the superior and middle hsemorrhoidal arteries, and with the perinasal artery. ^ 

The perinaeal artery arises from the internal pudendal artery, in front of the preceding 
branches, crosses either superficial or deep to the Transversus perinsei superficialis, and runs 
forwards in the interspace between the Bulbocavernosus and Ischiocavernosus, to both of 
which it supplies branches, and finally divides into several posterior scrotal branches which 
are distributed to the skin and dartos tunic of the scrotum. As it crosses the Transversus 
perinsei superficialis it gives off the transverse perinaeal artery which runs transversely on 
the cutaneous surface of the muscle, and anastomoses with the corresponding vessel 
of the opposite side and with the perinaeal and inferior hsemorrhoidal arteries. It 
supplies the Transversus perinsei superficialis and the structures between the anus and the 
urethral bulb. 

The artery of the urethral bulb is a short vessel of relatively large calibre which arises 
from the internal pudendal artery between the two layers of the fascia of the urogenital 
diaphragm ; it passes medialwards, pierces the inferior fascia of the urogenital diaphragms, 
and gives off branches which ramify in the bulb of the urethra and in the posterior part 
of the corpus cavernosum urethrae. It supplies a small branch to the bulbo -urethral 
gland. 

The urethral artery arises a short distance in front of the artery of the urethral bulb. 
It runs forwards and medialwards, pierces the inferior fascia of the urogenital diaphragm 
and enters the corpus cavernosum urethrae, in which it is continued forwards to the glans 
penis. . 

The deep artery of the penis (artery of the corpus cavernosum penis), pne of the terminal 
branches of the internal pudendal artery, arises from that vessel while it is situated between 
the two fasciae of the urogenital diaphragm ; it pierces the inferior fascia, and, entering 
the crus penis obliquely, runs forwards in the centre of the corpus cavernosum penis close 
to the septum. 

G.A. Y2 
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The dorsal artery of the penis ascends between the crus penis and the pubic symphysis, 
and, piercing the inferior fascia of the urogenital diaphragm, passes between the two 
layers of the suspensory ligament of the penis, and runs forwards on the dorsum of 
the penis to the glans, where !:■ divides into two branches which supply the glans and 
prepuce. On the penis, it lies between the dorsal nerve and deep dorsal vein, the former 
being on its lateral side. It supplies the skin and the fibrous sheath of the corpus 
cavernosum penis, sending branches through the sheath to anastomose with the deep 
artery of the penis. 

The internal pudendal artery in the female is smaller than in the male. Its 
origin and coarse are similar, and there is considerable analogy in the distribution 
of its branches. The perinseal artery supplies the labia pudendi ; the artery of 
the bulb is distributed to the bulbus vestibuli and the erectile tissue of the vagina ; 
the deep artery of the clitoris supplies the corpus cavernosum clitoridis ; the dorsal 
artery of the clitoris gives branches to the dorsum of that organ, and ends in the 
glans and prepuce of the clitoris. 

■ Peculiarities. — The internal pudendal artery is sometimes relatively small, or fails 
to give off one or two of its usual branches ; in such cases the deficiency is supplied by 
branches derived from an additional vessel, the accessory pudendal , which generally 
arises from the internal pudendal artery before its exit from the greater sciatic foramen. 
It passes forwards along the lower part of the bladder and across the side of the prostate 
to the root of the penis, where it perforates the urogenital diaphragm, and gives off 
the branches usually derived from the internal pudendal artery. The deficiency most 
frequently met with is that in which the internal pudendal artery ends as the artery of the 
urethral bulb, the dorsal and deep arteries of the penis being derived from the accessory 
pudendal artery. The internal pudendal artery may also end as the perinasal, the artery 
of the urethral bulb being derived, with the other two branches, from the accessory vessel. 
Occasionally the accessory pudendal artery is derived from one of the other branches of 
the hypogastric artery, most frequently the inferior vesical or the obturator. 

The inferior glutseal artery (sciatic artery) (figs. 703, 708), the larger of the two 
terminal branches of the anterior trunk of the hypogastric artery, is distributed 
chiefly to the buttock and the back of the thigh. It passes down on the sacral 
plexus of nerves and the Piriformis, behind the internal pudendal artery, to the lower 
part of the greater sciatic foramen, through which it escapes from the pelvis between 
the first and second sacral nerves, and between the Piriformis and Coccygeus. 
It then descends in the interval between the greater trochanter of the femur and 
the tuberosity of the ischium, accompanied by the sciatic and posterior femoral 
cutaneous nerves, and covered by the Glutseus maximus ; it is continued down 
the back of the thigh, supplying the skin, and anastomosing with branches of the 
perforating arteries. 

Branches. — Inside the pelvis. It distributes (a) branches to the Piriformis, 
Coccygeus, and Levator ani; ( b ) branches supplying the fat around the rectum, and 
which occasionally take the place of the middle hsemorrhoidal artery; and (c) vesical 
branches to the fundus of the bladder, vesiculae seminales, and prostate. 

Outside the pelvis. — Muscular branches supply the Glutseus maximus, the external 
rotators of the thigh, and the muscles attached to the tuberosity of the ischium; they 
anastomose with the superior glutseal, internal pudendal, obturator and medial femoral 
circumflex arteries. 

Coccygeal branches run medialwards, pierce the sacrotuberous ligament, and supply 
the Glutseus maximus and the structures on the back of the coccyx. 

The arteria comitans nervi ischiadici, a long slender vessel, accompanies the sciatic 
nerve for a short distance; it then penetrates it, and runs in its substance to the lower 
part of the thigh. 

An anastomotic branch, directed obliquely downwards across the external rotator 
muscles of the thigh, assists in forming the so-called cruciate anastomosis by joining 
with the first perforating and the medial and lateral femoral circumflex arteries. 

An articular branch, generally derived from the anastomotic, is distributed to the 
capsule of the hip-joint. 

Cutaneous branches are distributed to the skin of the buttock and back of the thigh. 

The iliolumbar artery (fig. 703), a branch of the posterior trunk of the hypogastric 
artery, runs upwards and lateralwards, in front of the sacro-iliac joint and the 
lumbosacral trunk, and behind the obturator nerve and the external iliac vessels, 
to the medial border of the Psoas major, behind which it divides into a lumbar 
and an iliac branch. 
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Pro. 706.— The superficial branches of the internal pudendal artery, in the male. 



Fig. 707. — The deeper branches of the internal pudendal artery, in the male. 
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The lumbar branch supplies the Psoas major and Quadratic lumborum, anastomoses 
with the fourth lumbar artery, and sends a small spinal branch through the intervertebral 
foramen between the fifth lumbar vertebra and the base of the sacrum, into the vertebral 
canal to supply the eauda equina. 

The iliac branch supplies the Iliacus ; some offsets run between the muscle and the 
bone and anastomose with the iliac branches of the obturator artery ; one of these enters 

an oblique canal to supply the bone, 
while others run along the crest of 
Fici. 708. — The arteries of the glutseal and posterior the ilium, distributing branches to 
femoral regions. the glutseal and abdominal muscles, 

and anastomoses in their course with 
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the superior glutseal, iliac circum- 
flex, and lateral femoral circumflex 
arteries. 

The lateral sacral arteries 
(fig. 703) arise from the posterior 
division of the hypogastric artery ; 
there are usually two, a superior 
and an inferior. The superior and 
’larger passes medialwards, and, 
after anastomosing with branches 
from the middle sacral artery, 
enters the first or second anterior 
sacral foramen, supplies branches 
to the contents of the sacral canal, 
and, escaping by the correspond- 
ing posterior sacral foramen, is 
distributed to the skin and 
muscles on the dorsum of the 
sacrum, anastomosing with the 
superior glutseal artery. The in- 
ferior runs obliquely across the 
front of the Piriformis and the 
sacral nerves, to the medial side 
of the anterior sacral foramina, 
descends on the front of the 
sacrum, and anastomoses over 
the coccyx with the middle sacral 
artery and the opposite lateral 
sacral arteries. Branches from 
this vessel enter the anterior 
sacral foramina, and, after supply- 
ing the contents of the sacral 
canal, escape by the posterior 
sacral foramina, and are distri- 
buted to the muscles and skin 
on the dorsal surface of the 
sacrum, anastomosing with the 
glutseal arteries. 

The superior glutseal artery 
(figs. 703, 708) is the largest 
branch of the hypogastric artery, 
and appears to be the continuation 
of the posterior division of that 
vessel. It is a short artery 
which runs backwards between 
the lumbosacral trunk and the 


first sacral nerve, and, passing out 
of the pelvis through the upper part of the greater sciatic foramen above the 
upper border of the piriformis divides into a superficial and a deep branch. Within 
the pelvis it gives off a few branches to the Iliacus, Piriformis, and Obturator 
internus, and a nutrient artery to the hip-bone. 

The superficial branch enters the deep surface of the Glutseus maximus, and 
divides into numerous branches ; some of these supply the muscle and anastomose 
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^ T itL ‘the inferior glutseal artery ; others perforate the tendinous origin of the muscle, 
supply the skin covering the posterior surface of the sacrum, and 'anastomose with 
the posterior branches of the lateral sacral arteries. 

The deep* branch lies under the Glubaeus medius and soon splits into a superior 
md an inferior division. The superior division runs along the upper border of the 
Srlutseus minimus to the anterior superior iliac spine, anastomosing with the deep 
[liac circumflex artery and the ascending branch of the lateral femoral circumflex 
artery. The inferior division crosses the Glutseus minimus obliquely to the greater 
jrochanter, distributes branches to this muscle and to the Glutseus medius, and 
mastomoses with the lateral femoral circumflex artery ; some branches pierce the 
Glutseus minimus and supply the hip-joint. 

Applied Anatomy . — The superior glutceal artery is ligatured by turning the patient 
two-thirds over on to his face and making an incision from the posterior superior spine 
of the ilium to the upper and posterior angle of the greater trochanter. This exposes 
the Glutasus maximus, and its fibres are to be separated through the whole thickness of 
the muscle and pulled apart with retractors. The contiguous margins of the Glutseus 
medius and Piriformis are now to be separated from each other, and the artery will be 
exposed emerging from the greater sciatic foramen. In ligature of the inferior glutceal 
artery , the incision should be made parallel with that for ligature of the superior glutseal 
but 4 cm. lower down. After the fibres of the Glutoeus maximus have been separated, 
the vessel is to be sought at the lower border of the Piriformis; the sciatic nerve, which 
lies just above it, forms the chief guide to the artery. 


The External Iliac Artery (fig. 703) 

The external iliac artery is larger than the hypogastric artery, and runs 
)bliquely downwards and lateralwards, along the medial border of the Psoas 
najor, from the bifurcation of the common iliac artery to a point beneath 
he inguinal ligament, midway between the anterior superior iliac spine and the 
symphysis pubis, where it enters the thigh as the femoral artery. 

Relations. — In front and medially the external iliac artery is in relation with 
;he peritoneum and subperitoneal areolar tissue which separate the right artery from 
she termination of the ileum and frequently the vermiform process, and the left 
irtery from the sigmoid colon and some coils of the small intestine. The begin- 
ling of the artery may be crossed by the ureter ; in the female it is crossed by 
she ovarian vessels. The testicular vessels lie for some distance upon it near its 
sermination, and it is crossed in this situation by the external spermatic branch 
>f the genitofemoral nerve, the deep iliac circumflex vein, the ductus deferens in 
;he male, and the round ligament of the uterus in the female. Posteriorly , it 
s separated from the medial border of the Psoas major by the iliac fascia. The 
external iliac vein lies partly behind the upper part of the artery, but is on the 
nedial side of its lower part. Lateral to it is the Psoas major, from which it is 
separated by the iliac fascia. Numerous lymphatic vessels and lymph-glands lie on 
she front and sides of the vessel. 

Applied Anatomy. — The external iliac artery may be ligatured in any part of its 
course, excepting near its upper end, which is to be avoided on account of the proximity 
of the hypogastric artery, and near its lower end, which should also be avoided on account 
of the proximity of its inferior epigastric and deep, iliac circumflex branches. The 
operation may be performed by opening the abdomen and incising the peritoneum over 
the artery (transperitoneal) ; or by an incision in the iliac region, dividing all the 
structures down to the peritoneum, which is then separated unopened from the iliac 
fossa until the artery is reached ( retroperitoneal ). 

The transperitoneal ligature is essentially similar to that described on p. 678 for the 
common iliac artery. The advantages of this operation are : (1) if it be found necessary, 
the common iliac artery can be ligatured instead of the external iliac' without extension 
or modification of the incision ; and (2) the vessel can be ligatured without in any way 
interfering with the sac of an aneurysm. 

The retroperitoneal ligature may be performed by an incision above and parallel to 
the lateral half of ike inguinal ligament. The abdominal muscles and transversalis 
fascia having been divided, the peritoneum should be separated from the iliac fossa and 
raised towards the pelvis; and on introducing the finger to the bottom of the wound, 
the artery may be felt pulsating along the medial border of the Psoas major. The 
external iliac vein, generally found on the medial side of the artery, must be cautiously 
separated from it, and the aneurysm needle introduced on the medial side, between the 
artery and vein. 



686 


ANGIOLOGY 


Collateral Circulation . — The principal anastomoses by which the collateral circulation 
is established, after ligature of the external iliac artery, are : the iliolumbar with the 
iliac circumflex arteries; the superior glutoeal with the lateral femoral circumflex artery; 
the obturator with the medial femoral circumflex artery ; the inferior glutseal with the 
circumflex and first perforating branches of the arteria profunda femoris ; and the internal 
pudendal with the external pudendal artery. When the obturator artery arises from the 
inferior epigastric artery, it is supplied with blood by branches from either the hypo- 
gastric, the lateral sacral, or the internal pudendal arteries. The inferior epigastric 
artery receives its supply from the internal mammary and lower intercostal arteries, 
and from the hypogastric artery by the anastomoses of its branches with the obturator 
artery.* 

Branches. — Besides supplying several small branches to the Psoas major 
and the neighbouring lymph-glands, the external iliac artery gives off the 
inferior epigastric and deep circumflex iliac branches. 


Fig. 709. — The right inferior epigastric artery, and the relations of the right 
femoral and abdominal inguinal rings. Seen from within the abdomen. 



The inferior epigastric artery (deep epigastric artery) (figs. 559, 709) arises from the 
external iliac artery, immediately above the inguinal ligament. It curves forwards 
in the subperitoneal tissue, and then ascends obliquely along the medial margin of 
the abdominal inguinal ring; continuing its upward course, it pierces the trans- 
versalis fascia, passes in front of the linea semicircularis, and ascends between 
the Rectus abdominis and the posterior lamella of its sheath. It finally divides 
into numerous branches, which anastomose, above the umbilicus, with the superior 
epigastric branch of the internal mammary artery and with the lower intercostal 
arteries. As the inferior epigastric artery passes obliquely upwards from its origin 
it lies along the lower and medial margins of the abdominal inguinal ring,' and behind 
the commencement of the spermatic cord. In the male the ductus deferens, and 
in the female the round ligament of the uterus, winds round the lateral and posterior 
aspects of the artery. The inferior epigastric artery supplies the following branches : 

The external spermatic artery (cremasteric artery) accompanies the spermatic cord, 
supplies the Cremaster and other coverings of the cord, and anastomoses with the testi- 
cular artery. In the female the external spermatic artery is very small and accompanies 
the round ligament of the uterus. 

A pubic branch descends along the medial margin of the femoral ring to the back of 
the os pubis, and there anastomoses with the pubic branch of the obturator artery. In 

' * Sir Astley Cooper describes in vol. i of the Guy's Hospital Reports the dissection of a limb 
eighteen years after successful ligature of the external iliac artery. 
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pollicis longus, and descends between the superficial and deep layers of muscles, 
to both of which it distributes branches. As it lies upon the Abductor pollicis 
longus, it is accompanied by the deep branch of the radial nerve. At the lower 

part of the forearm it ana- 


Fig. 693. — The arteries of the dorsal surface of the right 
forearm and hand. 


stomoses with the termination 
of the volar interosseous 
artery, and with the dorsal 



carpal network. It gives 
off, near its origin, the inter- 
osseous recurrent artery, which 
ascends to the interval be- 
tween the lateral epicondyle 
and olecranon, on or through 
the fibres of the Supinator, 
but beneath the Anconseus, 
and anastomoses with the 
radial collateral branch of 
the arteria profunda brachii, 
the dorsal ulnar recurrent, 
and the inferior ulnar col- 
lateral arteries. 

The muscular branches 
are distributed to the muscles 
along the ulnar side of the 
forearm. 

The volar carpal branch 

is a small vessel which crosses 
the front of the carpus behind 
the tendons of the Flexor 
digitorum profundus ; it ana- 
stomoses with the volar 
carpal branch of the radial 
artery, and assists in forming 
the volar carpal network. 

The dorsal carpal branch 
arises immediately above 
the pisiform bone, and winds 
backwards beneath the ten- 
don of the Flexor carpi 
ulnaris ; it passes across the 
dorsal surface of the carpus 
under cover of the extensor 
tendons, anastomoses with 
the dorsal carpal branch of 
the radial artery, and assists 
in forming the dorsal carpal 
network. Near to its origin 
it gives off a small branch, 
which runs along the ulnar 
side of the fifth metacarpal 
bone, and supplies the ulnar 
side of the dorsal surface of 
the little finger. 

The deep volar branch 
(fig. 689) passes between the 
Abductor digiti quinti and 
Flexor digiti quinti brevis. 


and through the origin of 
the Opponens digiti quinti ; it anastomoses with the radial artery, and completes 
the deep volar arch. 


The superficial volar arch (superficial palmar arch) (fig. 686) is formed mainly 
by the ulnar artery, and is usually completed by a branch from the arteria volaris 
indicis radialis, but sometimes by the superficial volar artery or by a branch from the 
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stretch between its anterior and posterior walls. The lateral compartment 
contains the femoral artery, and the intermediate the femoral vein ; the medial 
and smallest compartment is named the femoral canal , and contains some 
lymphatic vessels and a lymph-gland, imbedded in a small amount of areolar 
tissue. The femoral canal is conical and measures 1*25 cm. in length ; 
its base, directed upwards and named the femoral ring , is oval in form, its long 
or transverse diameter measuring 1*25 cm. The femoral ring (fig. 711) is 
bounded in front by the inguinal ligament, behind by the Pectin eus covered 
by its fascia, medially by the crescentic base of the lacunar ligament, and 


Fig. 712. — A transverse section through the thigh at the level of the apex of the 
femoral triangle. Four-fifths of natural size. 
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laterally by the femoral vein. The spermatic cord in the male, and the round 
ligament of the uterus in the female, lie immediately above the anterior margin 
of the ring, while the inferior epigastric vessels are close to its upper and 
lateral angle. The femoral ring is closed by a somewhat condensed portion of 
the extraperitoneal connective tissue, named the septum femorale (crural 
septum), the abdominal surface of which supports a small lymph-gland and 
is covered by the parietal layer of the peritoneum. The septum femorale is 
pierced by numerous lymphatic vessels passing from the deep inguinal to the 
external iliac lymph-glands, and the parietal peritoneum immediately above it 
presents a slight depression named the femoral fossa. 

The femoral triangle (triangle of Scarpa) (fig. 714) corresponds to the 
depression seen immediately below the fold of the groin. Its apex is directed 
downwards, and the sides are formed, laterally by the medial margin of the 
Sartorius, medially by the medial margin of the Adductor longus, above by 
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the inguinal ligament. The floor of the triangle is formed from its lateral to its 
medial side by the Iliacus, Psoas major, Pectineus, and Adductor longus ; 
and it is divided into two nearly equal parts by the femoral vessels, which 
extend from near the middle of its base to its apex. On the lateral side of 
the femoral artery is the femoral nerve dividing into its branches. Besides the 
vessels and nerves, this triangle contains some fat and lymphatics. 

The adductor canal (Hunter’s canal) (fig. 713) is an aponeurotic tunnel in 
the middle one- third of the thigh, extending from the apex of the femoral 
triangle to the opening in the Adductor magnus. It is triangular on transverse 
section, and is bounded, in front and laterally, by the Vastus medialis ; behind, 


Fig. 713. — A transverse section through the middle of the thigh. Four-fifths 

of natural size. 
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by the Adductor longus and Adductor magnus ; and is roofed by a strong 
aponeurosis which extends from these muscles, across the femoral vessels, 
to the Vastus medialis ; lying on the aponeurosis is the Sartorius. The canal 
contains the femoral artery and vein, the saphenous nerve ; the nerve to the 
Vastus medialis traverses the proximal part of the abductor canal, and then 
enters its muscle. 

The relations of the femoral artery. — In the femoral triangle (fig. 714) the artery 
is covered by the skin. and superficial fascia, the superficial subinguinal lymph- 
glands, the superficial iliac circumflex vein, the superficial layer of the fascia lata, 
and the anterior part of the femoral sheath. The lumbo-inguinal nerve courses 
for a short distance within the .lateral compartment of the femoral sheath, and lies 
at first in front of and then lateral to the artery. Near the apex of the femoral 
triangle the medial branch of the anterior femoral cutaneous nerve crosses the 
artery from its lateral to its medial side. 

Behind the artery are the posterior part of the femoral sheath, the pectineal 
fascia, the tendon of the Psoas major, the Pectineus and the Adductor longus. 
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The artery is separated from the capsule of the hip-joint by the tendon of the Psoas 
major, from the Pectineus by the femoral vein and profunda vessels, and from the 
Adductor longus by the femoral vein. The nerve to the Pectineus passes medial- 
wards behind the artery. On the lateral, side of the artery, is the femoral nerve. 
The femoral vein is medial to the artery in the upper part of the femoral triangle, 
and posterior to the artery in the lower part. 

In the adductor canal (figs. 713, 716) the femoral artery is more deeply situated, 
being covered by the skin, the superficial and deep fascke, the Sartorius, and the 


Fig. 714. — The left femora] triangle. 



Great saphenous vein 

fibrous roof of the canal. The saphenous nerve is at first on the lateral side of the 
artery ; it then lies in front of it, and below is placed on its medial side. Behind 
the artery are the Adductor longus and Adductor magnus ; in front and lateral to 
it is the Vastus medialis. The femoral vein lies posterior to the upper, and lateral 
to the lower, part of the artery. 

Peculiarities . — Several instances are recorded where the femoral artery divided, below 
the origin of the arteria profunda femoris, into two trunks, which reunited near the opening 
in the Adductor magnus ; a few have been reported where the femoral artery was absent, 
its place being supplied by the inferior glutseal artery which accompanied the sciatic nerve 
to the popliteal fossa ; in these the external iliac artery was small, and ended as the arteria 
profunda femoris. The femoral vein is occasionally placed along the medial side of the 
artery throughout the entire extent of the femoral triangle ; or it may be duplicated so 
that a large vein is placed on either side of the artery for a greater or lesser distance. 

Applied Anatomy . — Compression of the femoral artery, which is constantly requisite 
In amputations and other operations on the lower limb, is most effectually made immedi- 
ately below the inguinal ligament. In this situation the artery is superficial, and is separated 
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from the superior ramus of the os pubis by the Psoas major ; here digital compression will 
effectually control the circulation through it. The vessel may also be controlled in the 
* middle third of the thigh by a tourniquet, which presses the vessel against the medial side 
of the femur. 

The femoral artery may be exposed and tied in any part of its course. The most 
favourable situation is at the apex of the femoral triangle (fig. 715, b). An incision 7cm. 

long should be made in the course of 
the vessel, the patient lying in the 
recumbent position with the limb 
slightly flexed and abducted, and 
rotated outwards. A large vein is 
frequently met with, passing in the 
course of the artery to join the great 
saphenous vein, and must be 
avoided. The fascia lata having 
been cautiously divided, and the 
Sartorius displayed, that muscle 
must be drawn lateralwards in 
order to expose fully the sheath of 
the vessels. The finger having 
been introduced into the wound, 
and the pulsation of the artery 
felt, the sheath is opened on the 
lateral side of the vessel to a 
sufficient extent to allow of the- 
introduction of the aneurysm 
needle. In this part of the opera- 
tion the saphenous nerve and the 
nerve to the Vastus medialis, which 
are in close relation with the sheath,, 
should be avoided. The aneurysm 
needle must be kept close to the- 
artery, to avoid the femoral vein,, 
which lies behind the vessel in this, 
part of its course, and is very closely 
bound up with it. 

To ligature the artery imme- 
diately below the inguinal ligament, 
(fig. 715, a) an incision 7 cm. in 
length is made with its centre a- 
little below the ligament. The fascia, 
lata is divided, and the sheath of 
the artery opened on the lateral side* 
where the lumbo-inguinal nerve may 
be met with. The aneurysm needle 
is now passed within the sheath 
from the medial to the lateral side 
of the artery so as to avoid injury 
to the femoral vein. The femoral! 
nerve, lying on the lateral side of 
the artery, is separated from it by 
the femoral sheath and the fascia, 
iliaca, and should not be seen (fig. 
711). 

To expose the artery in the adductor canal (fig. 715, o), an incision 7 cm. in length 
should be made a finger’s breadth medial to the line of the artery, the centre of the incision, 
being in the middle of the thigh — i.e. midway between the groin and the knee. The fascia 
lata having been divided, and the lateral border of the Sartorius exposed, this muscle 
should be drawn medialw T ards, when the strong fascia which is stretched across from the 
Adductors to the Vastus medialis will be observed, and must be freely divided ; the sheath 
of the vessels is now seen, and must be opened, and the artery secured by passing the 
aneurysm needle between it and the vein, from the lateral to the medial side of the artery. 
In this situation the femoral vein lies lateral to, and the saphenous nerve in front of the 
artery. 

Collateral Circulation . — After ligature of the femoral . artery, the main channels for 
carrying on the circulation are the following anastomoses : — (1) the superior and inferior 
glutaeal branches of the hypogastric artery with the medial and lateral femoral circumflex: 
and first perforating branches of the arteria profunda femoris ; (2) the obturator branch 
of the hypogastric artery with the medial femoral circumflex of the arteria profunda femoris 
(3) the internal pudendal branch of the hypogastric artery with the superficial and deep 
external pudendal branches of the femoral artery ; (4) the deep iliac circumflex branch of 


Fig. 715. — Dissections to show the femoral artery 
(a) at the base of the femoral triangle, (b) at 
the apex of the femoral triangle, and (c) in the 
adductor (Hunter’s) canal. 
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successively upon the tendon of the Biceps brachii, the Supinator, the insertion of 
the Pronator teres, the radial origin of the Flexor digitorum sublimis, the Flexor 
pollicis longus, the Pronator quadratus, and the lower end of the radius. In the 
upper one-third of its course it is placed between the Brachioradialis and the Pronator 
teres ; in the lower two-thirds, between the tendons of the Brachioradialis and 
Flexor carpi radialis. The superficial branch of the radial nerve is close to the 
lateral side of the middle one-third of the artery ; and some filaments of the lateral 
antibrachial cutaneous nerve run along the lower part of the artery as it winds 
round the wrist. The artery is accompanied by a pair of vense comitantes. The 
portion of the radial artery which lies in front of the lower end of the radius and 
on the lateral side of the tendon of the Flexor carpi radialis is used clinically for 
observations on the pulse. 


Fig. 687. — A transverse section through the forearm at the level of the radial 
(bicipital) tuberosity. 
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(b) At the wrist (figs. 690, 691), the radial artery reaches the back of the carpus 
by passing between the radial collateral ligament of the wrist and the tendons of 
the Abductor pollicis longus and Extensor pollicis brevis. It then descends on the 
navicular and greater multangular bones, and before disappearing between the 
heads of the first Interosseus dorsalis is crossed by the tendon of the Extensor 
pollicis longus. In the interval between the two Extensores pollicis it is crossed 
by the origin of the cephalic vein, and by the digital rami of the superficial branch 
of the radial nerve, which go to the thumb and index finger. 

(c) In the hand (fig. 689), the radial artery passes from the proximal end of 
the first interosseous space, between the heads of the first Interosseus dorsalis, 
transversely across the palm ; it lies at first beneath the oblique part of the Adductor 
pollicis, then runs between the oblique and.transverse parts, or through the transverse 
part, of that muscle, and, at the base of the fifth metacarpal bone, anastomoses 
with the deep volar branch from the ulnar artery, completing the deep volar arch 
(fig. 689). 

Peculiarities . — In about 12 per cent, of subjects the origin of the radial artery is higher 
than usual ; it then arises more often from the axillary or upper part of the brachial artery 
than from the lower part of the latter vessel. In the forearm it sometimes lies on the deep 
fascia instead of beneath it, and on the surface of the Brachioradialis instead of under 
its medial border ; in turning round the wrist, it occasionally lies on, instead of beneath, 
the extensor tendons of the thumb. 

Applied Anatomy.— The radial artery is much exposed to injury in its lower one-third, 
and is frequently Wounded ; the injury may be followed by a traumatic aneurysm. 
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The ascending branch passes upwards beneath the Tensor fascise latse to the 
lateral part of the hip, and anastomoses with the terminal branches of the superior 
glutaeal and deep iliac circumflex arteries. 

The descending branch runs downwards, behind the Rectus femoris, upon the 
Vastus lateralis, to which it gives offsets ; one long branch descends in the latter 

muscle as far as the knee, and ana- 

Fig. 716. — The right femoral artery. stomoses with the superior lateral 

genicular branch of the popliteal 



artery. It is accompanied by the 
nerve to the Vastus lateralis. 

The transversebranch, the small- 
est, passes lateralwards over the 
Vastus intermedius, pierces the 
Vastus lateralis, and winds round 
the femur, just below the greater 
trochanter, anastomosing on the 
back of the thigh with the medial 
femoral circumflex, inferior glu- 
teal, and first perforating arteries 
(i cruciate anastomosis). 

The medial femoral circumflex 
artery (internal circumflex artery) 
usually arises from the postero- 
medial aspect of the profunda 
artery, but frequently springs from 
the femoral artery. It winds 
round the medial side of the 
femur, passing first between the 
Pectineus and Psoas major, and 
then between the Obturator ex- 
ternus and Adductor brevis. At 
the upper border of the Adductor 
brevis it gives off two branches ; 
one is distributed to the Adduc- 
tor es, the Gracilis, and Obturator 
externus, and anastomoses with 
the obturator artery ; the other 
,, descends behind the Adductor 

brevis to supply it and the 
Adductor magnus ; the continua- 
tion of the vessel passes backwards 
and divides into superficial, deep, 
and acetabular branches. The 
superficial branch appears between 
the . Quadratus femoris and the 
upper border of the Adductor 
,tf magnus, and takes part in the 

formation of the cruciate anasto- 
f,J mosis. The deep branch runs 

obliquely upwards upon the tendon 
of the Obturator externus and in 
front of the Quadratus femoris 
towards the trochanteric fossa, 
where it anastomoses with twigs 
from the glutseal arteries. The 
acetabular branch arises opposite 
the acetabular notch and enters 


the hip- joint beneath the transverse acetabular ligament in company with an 
articular branch from the obturator artery ; it supplies the fat in the bottom of the 
acetabulum, and is continued along the round ligament to the head of the femur. 

• The perforating arteries (fig. 708), usually three in number, are so named because 
they perforate the insertion of the Adductor magnus to reach the back of the thigh. 
They pass backwards close to the linea aspera of the femur under cover of small 
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tendinous arches in the insertion of the muscle. The first is given off above the 
Adductor brevis, the second in front of that muscle, and the third immediately 
below it. 

The first 'perforating artery passes backwards between the Pectineus and Adductor 
brevis (sometimes it perforates the latter muscle) ; it then pierces the Adductor 
magnus close to the linea aspera. It gives branches to the Adductor brevis, 
Adductor magnus, Biceps femoris, and Glutseus maximus, and anastomoses with 
the inferior glutseal, medial and lateral femoral circumflex, and second perforating 
arteries. 

The second perforating artery, larger than the first, but frequently arising in 
common with it, pierces the tendons of the Adductor brevis and Adductor magnus, 
and divides into ascending and descending branches which supply the posterior 
femoral muscles, anastomosing with the first and third perforating. The nutrient 
artery of the femur is usually given off from this artery ; when two nutrient arteries 
exist, they usually spring from the first and third perforating vessels. 

The third perforating artery is given off below the Adductor brevis ; it pierces 
the Adductor magnus and divides into branches which supply the posterior femoral 
muscles, and anastomose above with the higher perforating arteries, and below 7 
with the termination of the profunda and the muscular branches of the popliteal. 
The nutrient artery of the femur may arise from this branch. 

The termination of the profunda artery, already described, is sometimes called 
the fourth perforating artery. 

The perforating arteries form a double chain of anastomosing vessels, (a) in the 
muscles and (b) close to the linea aspera. 

Numerous muscular branches arise from the arteria profunda femoris ; some of 
these end in the Adductores, others pierce the Adductor magnus, give branches to 
the hamstrings, and anastomose with the medial femoral circumflex artery and 
with the superior muscular branches of the popliteal artery. 

7. The highest genicular artery (arteria anastomotica magna) (figs. 716, 
720) arises from the femoral just before it passes through the opening in the 
tendon of the Adductor magnus, and immediately divides into a saphenous 
and a musculo-articular branch. 

The saphenous branch pierces the lower part of the roof of the adductor canal, 
and accompanies the saphenous nerve to the medial side of the kn ee. It passes 
between the Sartorius and Gracilis, and is distributed to the skin of the upper 
and medial part of the leg, anastomosing with the medial inferior genicular artery. 

The musculo-articular branch descends in the substance of the Yastus medialis, 
and in front of the tendon of the Adductor magnus, to the medial side of the knee, 
where it anastomoses with the medial superior genicular and anterior recurrent 
tibial arteries. An offset from the musculo-articular branch crosses above the 
patellar surface of the femur, forming an anastomotic arch with the lateral superior 
genicular artery, and supplying branches to the knee-joint. 


. The Popliteal Fossa (figs. 717, 719) 

Boundaries. — The popliteal fossa or space is a lozenge-shaped space, 
at the back of the knee-joint. Laterally it is bounded by the Biceps femoris 
above, and by the Plantaris and the lateral head of the Gastrocnemius below ; 
medially it is limited by the Semitendinosus and Semimembranosus above, 
and by the medial head of the Gastrocnemius below. The floor is formed 
by the popliteal surface of the femur, the oblique popliteal ligament of the 
knee-joint, the back of the upper end of the tibia, and the fascia covering 
the Popliteus ; the fossa is covered by the popliteal fascia. 

Contents (figs. 717, 719). — The popliteal fossa contains the popliteal 
vessels, the tibial and the common peronseal nerves, the termination of the 
small saphenous vein, the lower part of the posterior femoral cutaneous nerve, 
the articular branch from the obturator nerve, a few small lymph-glands, and a 
considerable quantity of fat. The tibial nerve descends through the middle of 
the fossa, lying under the popliteal fascia, and crossing the vessels posteriorly 
from the lateral to the medial side. The common peronseal nerve descends on 
the lateral side of the upper part of the fossa, close to the tendon of the Biceps 
femoris. On the floor of the fossa are the popliteal vessels, the vein being 
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superficial to the artery and united to it by dense areolar tissue ; the vein is a 
thick-walled vessel, and lies lateral to the artery above, and then crosses it 
posteriorly to gain its medial side below ; sometimes it is double, the artery 
lying between the two veins, which are usually connected by short transverse 
branches. The articular branch from the obturator nerve descends upon the 
artery to the knee-joint. The popliteal lymph-glands, six or seven in number, 


Fig. 717. — A transverse section through the thigh, 4 cm. proximal to the adductor 
tubercle of the femur. Four-fifths of natural size. 
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are imbedded in the fat ; one lies beneath the popliteal fascia near the termina- 
tion of the external saphenous vein, another between the popliteal artery and 
the back of the knee-joint, while the others are placed at the sides of the popliteal 
vessels. 


The Popliteal Artery (figs. 717, 719) 

The popliteal artery, is the continuation of the femoral artery, and courses 
through the popliteal fossa. It extends from the opening in the Adductor 
magnus, at the junction of the middle with the lower one-third of the thigh, 
downwards and lateralwards to the intercondyloid fossa of the femur, and then 
vertically downwards to the lower border of the Popliteus, where it divides 
into anterior and posterior tibial arteries ! 

Relations. — In front of the artery, from above downwards, are the popliteal 
surface of the femur (separated from the vessel by some fat), the back of the knee- 
joint, and the fascia covering the Popliteus. Behind, it is overlapped by the Semi- 
membranosus above, and is covered by the Gastrocnemius and Plantaris below. 
In the middle part of its course the artery is separated from the skin and fasciae 
by a quantity of fat, and is crossed from the lateral to the medial side by the tibial 
nerve and the popliteal vein, the vein being between the nerve and the artery and 
closely adherent to the latter. On its lateral side, above, axe the Biceps femoris, 
the tibial nerve, the popliteal vein, and the lateral condyle of the femur ; below, 
the Plantaris and the lateral head of the Gastrocnemius. On its medial side, above, 
are the Semimembranosus and the medial condyle of the femur ; below, the tibial 
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nerve, the popliteal vein, and the medial head of the Gastrocnemius. The 
relations of the popliteal lymph-glands to the artery are described on the 
previous page. 

Peculiarities . — Occasionally the popliteal artery divides into its terminal branches 
opposite the lmee-joint; when this occurs the anterior tibial artery usually descends in 
front of the Popliteus. The popliteal artery sometimes divides into the anterior tibial 
and peronoeaJ arteries, the posterior tibial artery being wanting or rudimentary; 
occasionally it divides into three branches, the anterior and posterior tibial, and peronaeal 
arteries. 

Applied Anatomy . — The popliteal artery is not infrequently the seat of injury. It 
may be torn by direct violence, as by the passage of a cart-wheel over the knee, or by 
hyperextension of the knee. It may also be lacerated by fracture of the lower part of 
the femur, or by anteroposterior dislocation of the knee-joint. It has been torn in break- 


Fig. 718. — Dissections to show (a) the popliteal artery, (b) the upper part of the 
posterior tibial artery, and (c) the lower part of the posterior tibial artery. 



ing down adhesions in cases of fibrous ankylosis of the knee, and is in danger of being 
wounded in pprfcr rrdng Macewen’s operation of osteotomy of the lower end of the femur 
for genu va’guuu i.-: is more frequently the seat of aneurysm than any other artery 
except the thoracic aorta. No doubt this is due in a great measure to the amount of 
movement to which it is subjected, and to the fact that it is supported by loose and lax 
tissue only, and not by muscles, as is the case with most arteries. When the knee is 
acutely flexed, the popliteal artery becomes bent on itself to such an extent as entirely 
to arrest the lire d-ui-.n :h rough it. 

In order to expose the upper part of the vessel (fig. 718, a), the patient should be placed 
in the supine position, with the knee flexed and the thigh abducted and rotated outwards 
so that it rests on its lateral surface ; an incision 7 cm. or 8 cm. in length, beginning at 
the junction of the middle with the lower one-third of the thigh, is to be made parallel to 
and immediately behind the tendon of the Adductor magnus, and the skin, superficial 
and deep fasciae* divided. The tendon of the muscle is thus exposed, and is to be drawn 
forwards, and that of the Sartorius backwards. A quantity of fatty tissue will now be 
opened up, in which the artery will be felt pulsating. This tissue is to be separated with 
the point of a director until the artery is exposed. The vein and nerve will not he seen, 
as they lie to the lateral side of the artery. The sheath is to be opened, and the aneurysm 
needle passed from before backwards, keeping its point close to the artery for fear of injuring 
the vein. The only structure to avoid in the superficial incision is the great saphenous 
vein. 
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Fig. 719. — The right popliteal, posterior 
tibial, and peromeal arteries. 


To expose the vessel in the lower part of its course, where it lies between the two 
heads of the Gastrocnemius, the patient should be placed in the prone position with the 

limb extended. An incision should then be 
made through the skin in the middle line, 
commencing opposite the bend of the knee- 
joint, care being taken to avoid the small 
saphenous vein and the medial sural cutan- 
eous nerve. After dividing the deep fascia, 
and separating some dense cellular tissue, the 
artery, vein, and nerve will be exposed 
between the two heads of the Gastrocnemius. 
Some muscular branches of the artery should 
be avoided if possible, or, if divided, tied 
immediately. The leg being now Hexed, in 
order the more effectually to separate the two 
heads of the Gastrocnemius, the nerve should 
be drawn medialwards and the vein lateral- 
wards, and the aneurysm needle passed 
between the artery and vein from the lateral 
to the medial side. 



Genicular 


Branches. — The branches of the 
popliteal artery are : 

Cutaneous. 

3 ““{srr- 

-'Superior 
Middle 

{££: 

The cutaneous branches arise either 
from the popliteal artery or from some of 
its branches ; they descend between the 
two heads of the Gastrocnemius, and, 
piercing the deep fascia, are distributed 
to the skin of the hack of the leg; one 
usually accompanies the small saphenous 
vein. 

The superior muscular branches, two 

or three in number, arise from the upper 
part of the artery, and pass to the Adduc- 
tor magnus and the hamstring muscles, 
anastomosing with the terminal part of 
the arteria profunda femoris. 

The sural arteries are two large 
branches which arise opposite the knee- 
joint and are distributed to the Gastro- 
cnemius, Soleus, and Plantaris. 

The superior genicular arteries 
(superior articular arteries) (figs. 719, 
720), two in number, arise one on either 
side of the popliteal artery, and wind 
round the femur immediately above its 
condyles to the front of the knee-joint. 
The medial superior genicular artery runs 
in front of the Semimembranosus and 
Semitendinosus, above the medial head 
of the Gastrocnemius, and passes beneath 
the tendon of the Adductor magnus. It 
divides into two branches, one of which 
supplies the Vastus medialis and 
anastomoses with the highest genicular 
and medial inferior genicular arteries ; the other ramifies close to the surface 
of the femur, and anastomoses with the lateral superior genicular artery. The 
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size of the medial superior genicular artery varies inversely with that of the 
highest genicular. The lateral superior genicular artery passes beneath the tendon 
of the Biceps femoris, and divides into a superficial and a deep branch; the 
superficial branch supplies the Vastus lateralis, and anastomoses with the 
descending branch of the lateral femoral circumflex artery and with the lateral 
inferior genicular artery ; 
the deep branch anasto- 
moses with the medial mo. *20. 1 he arterial anastomosis around the knee-joint. 


superior genicular artery, 
and forms an arch across 
the front of the hone 
with the highest genicular 
artery. 

The middle genicular 
artery (azygos articular 
artery), a small branch, 
arises from the popliteal 
artery opposite the back of 
the knee-joint ; it pierces 
the oblique popliteal liga- 
ment, and supplies the 
cruciate ligaments and 
the synovial stratum of 
the articular capsule. 

The inferior genicular 
arteries (inferior articular 
arteries) (figs. 719, 720), 
two in number, arise from 
the popliteal artery be- 
neath the Gastrocnemius. 
The medial inferior geni- 
cular artery descends along 
the upper margin of the 
Popliteus, to which it 
gives branches ; it then 
passes below the medial 
condyle of the tibia and 
beneath the tibial col- 
lateral ligament ; at the 
anterior border of this 



ligament it ascends to the front and medial side of the joint, supplies the joint 
and the upper end of the tibia, and anastomoses with the lateral inferior and medial 
superior genicular arteries. The lateral inferior genicular artery runs lateralwards 
across the Popliteus, and then forwards above the head of the fibula to the front 
of the knee-joint, passing in its course beneath the lateral head of the Gastro- 
cnemius, the fibular collateral ligament, and the tendon of the Biceps femoris. 
It divides into branches which anastomose with the medial inferior genicular, 
lateral superior genicular, and anterior recurrent tibial arteries. 

The anastomosis around the knee-joint (fig. 720). — Around and above the 
patella, and on the contiguous ends of the femur and tibia, an intricate arterial 
anastomosis forms a superficial and a deep network. The superficial network is 
situated between the fascia and skin round about the patella, and forms three well- 
defined arches ; one above the patella in the loose connective tissue over the Quad- 
riceps femoris, and two below the patella in the fat behind the ligamentum patella*. 
The deep network lies on the lower end of the femur and upper end of the tibia around 
their articular surfaces, and sends numerous offsets into the interior of the joint. 
The arteries which form the anastomosis are the two medial and the two lateral 


genicular branches of the popliteal, the highest genicular, the descending branch of 
the lateral femoral circumflex, the fibular, and the anterior recurrent tibial. 
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The Anterior Tibiae Artery (figs. 721, 723) 

The anterior tibial artery begins at the bifurcation of the popliteal artery, 
at the lower border of the Popliteus. It passes forwards between the two 

heads of the Tibialis posterior and 


Fig. 721. — The right anterior tibial and 
dorsalis pedis arteries- 



through the upper part of the crural 
interosseous membrane, to the front 
of the leg, lying close to the medial 
side of the neck of the fibula. It 
now descends on the anterior sur- 
face of the crural interosseous mem- 
brane, gradually approaching the 
tibia : at the lower part of the leg 
it lies on this bone (fig. 724), and 
then on the front of the ankle-joint 
midway between the two malleoli,, 
and is continued on to the dorsum 
of the foot under the name of the 
dorsalis pedis artery. 

Relations. — In the upper two- 
thirds of its extent, the anterior tibial 
artery rests upon the crural inter- 
osseous membrane ; in the lower 
one-third, upon the front of the 
tibia and the ankle-jo: . In the 
upper one-third of its course, it lies 
between the Tibialis anterior and 
Extensor digitorum longus ; in the 
middle one-third between the Tibi- 
alis anterior and Extensor hallucis 
longus. At the ankle it is crossed 
from the lateral to the medial side by 
the tendon of the Extensor hallucis 
longus, and then lies between it and 
the first tendon of the Extensor digi- 
torum longus. Its upper two-thirds 
are covered by the muscles which lie 
on either side of it, and by the deep 
fascia ; its low r er one-third, by the 
skin and fascia, and the transverse 
and cruciate crural ligaments. 

A pair of vense comitantes lie one 
on either side of the artery. The 
deep peronaeal nerve, coursing round 
the lateral side of the neck of the 
fibula, comes into relation with the 
lateral side of the artery shortly 
after it reaches the front of the 
leg ; about the middle of the leg 
the nerve is in front of the artery ; 
at the lower part it is generally on 
the lateral side again. 

Peculiarities . — This vessel may be 
smaller than usual, or may be absent, 
its place being supplied by perfoi'ating; 
branches from the posterior tibial, or by 
the perforating branch of the peronseal 
artery. The artery occasionally deviates, 
towards the fibular side of the leg, re- 
gaining its usual position at the front 
of the ankle. Very occasionally it ap- 
proaches the surface at the middle of 
the leg, and is covered merely by the 
skin and fascia below that point 
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Applied Anatomy , — The anterior tibia! artery is liable to be injured in fractures of the 
lower third of the tibia, on account of its close proximity to the bone. Ligature of the 
anterior tibia! artery in the upper 


half of the leg is difficult on 
account of the depth of the 
vessel from the surface (fig. 
722, a). An incision about 10 cm. 
in length is made 3 cm. lateral 
to the anterior border of the 
tibia. The skin and superficial 
structures bn vine been divided 
and the deep fa>e!a exposed, 
the white line separating the 
Tibialis anterior from the Ex- 
tensor digitorum longus is sought. 
When this has been clearly 
defined, the deep fascia is to 
be divided in this line, and 
the Tibialis anterior separated 
from adjacent muscles until 
the interosseous membrane is 
reached. The foot is to be 
flexed in order to relax the 
muscles, and upon drawing 
them apart the artery will be 
found lying on the interosseous 
membrane with the nerve lateral 
or superficial to it. The nerve 
should be drawn lateralwards, 
the venae comitantes separated 
from the artery and the needle 
passed around it. 

To tie the vessel in the lower 
one- third of the leg (fig. 722, 
b), an incision about 7 cm. 
in length should be made 
through, the skin between the 
tendons of the Tibialis anterior 
and Extensor hallucis longus, 
the deep fascia being divided to 
the same extent. The tendon 
on either side should be re- 
tracted, when the vessel, accom- 
panied by the venae comitantes, 
will be seen lying upon the tibia, 
with the nerve on the lateral 
side. 


Fig. 722. — Dissections to show (a) the upper, (b) the 
low'er, part of the anterior tibia! artery, and 
(c) the arteria dorsalis pedis. 



Branches. — The branches of the anterior tibial artery are : 

Posterior tibial recurrent. Anterior medial malleolar. 

Anterior tibial recurrent. Anterior lateral malleolar. 

Muscular. 

The posterior tibial recurrent artery, an inconstant branch, is given off from 
the anterior tibial arter} 7- before that vessel reaches the front of the leg. It ascends 
in front of the Popliteus in company with the nerve to that muscle, anastomoses 
with the inferior genicular branches of the popliteal artery, and gives an offset to the 
tibiofibular joint. 

The anterior tibial recurrent artery (fig. 721) arises from the anterior tibial 
artery, as soon as that vessel has reached the front of the limb ; it ascends in the 
Tibialis anterior, ramifies on the front and sides of the knee-joint, and assists in the 
formation of the patellar network by anastomosing with the genicular branches 
of the popliteal artery, and with the highest genicular artery. 

The muscular branches are numerous and are distributed to the muscles which 
lie on either side of the vessel ; some pierce the deep fascia to supply the skin, 
others pass through the crural interosseous membrane, and anastomose with branches 
of the posterior tibial and peronaeal arteries. 

The anterior medial malleolar artery (internal malleolar artery) (fig. 721) arises 
about 5 cm. above the ankle-joint, and passes behind the tendons of the Extensor 
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hallucis longus and Tibialis anterior, to the medial side of the ankle, where it 
‘anastomoses with branches of the posterior tibial and medial plantar arteries. 

The anterior lateral malleolar artery (external malleolar artery) (fig. 721) passes 
beneath the tendons of the Extensor digitorum longus and Peronseus tertius ; it 
supplies the lateral side of the ankle and anastomoses with the perforating branch 
of the peronseal artery and with ascending twigs from the lateral tarsal artery. 


Fig. 723. — A transverse section through the leg, 9 cm. distal to the knee-joint. 



Medial sural cutaneous nerve 


The arteries around the ankle-joint anastomose freely with one another and 
form networks below the corresponding malleoli. The medial malleolar network 
is formed by the anterior medial malleolar branch of the anterior tibial artery, the 
medial tarsal branches of the dorsalis pedis artery, the posterior medial malleolar 
and medial calcaneal branches of the posterior tibial artery, and branches from the 
medial plantar artery. The lateral malleolar network is formed by the anterior 
lateral malleolar branch of the anterior tibial artery, the lateral tarsal branch of 
the dorsalis pedis artery, the perforating and the lateral calcaneal branches of the 
peronseal artery, and twigs from the lateral plantar artery. 


The Arteria Dorsalis Pedis (fig. 721 ) 

The arteria dorsalis pedis, the continuation of the anterior tibial artery, 
passes forwards from the anlde-joint along the tibial side of the dorsum of the 
foot to the proximal part of the first intermetatarsal space, where it divides into 
the first dorsal metatarsal and the deep plantar arteries . 

Relations. — The arteria dorsalis pedis is accompanied by two veins, and lies 
successively upon the front of the articular capsule of the ankle-joint, the talus, 
navicular, and second cuneiform bones, and the ligaments connecting them. It is 
covered by the skin, fascia, and cruciate crural ligament, and crossed near its 
termination by the first tendon of the Extensor digitorum brevis. On its tibial 
side is the tendon of the Extensor hallucis longus ; on its fibular side , the first tendon 
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of the Extensor digit oriun longus, and the medial terminal branch of the deep 
peromeal nerve. 

Peculiarities.—' The arteria dorsalis pedis may be larger than usual, to compensate for 
a deficient plantar artery ; or its place may be taken by a large perforating branch of 
the peronseal artery. It frequently curves lateralwards, lying lateral to ihe )\ n( . between 
the middle of the ankle and the proximal part of the first interosseous space. 

Applied Anatomy. The arteria dorsalis pedis may be tied, by making an incision 5 cm. 
in length, through the skin on the fibular side of the tendon of the Extensor hallucis longus, 
in the interval between it and the medial border of the Extensor digitorum brevis (fig. T2% c). 
The incision should not extend farther forwards than the proximal part of the first inter- 
metatarsal space, as the artery divides in that situation. When the deep fascia has been 
divided the artery will be exposed, with the deep peronseal nerve lying lateral to it. 

Branches. — The branches of the arteria dorsalis pedis are : 

Lateral tarsal. Arcuate. 

Medial tarsal. First dorsal metatarsal. 

Deep plantar. 

The lateral tarsal artery (fig. 721) arises from the arteria dorsalis pedis as the 
latter crosses the navicular bone, and passes lateralwards beneath the Extensor 
digitorum brevis ; it supplies this muscle and the articulations of the tarsus, and 
anastomoses with branches of the arcuate, anterior lateral malleolar, and lateral 
plantar arteries, and with the perforating branch of the peronseal artery. 

The medial tarsal arteries are two or three small branches ; they ramify on the 
medial border of the foot and join the medial malleolar network. 

The arcuate artery (metatarsal artery) (fig. 721) arises from the arteria dorsalis 
pedis opposite the first cuneiform bone ; it passes lateralwards over the bases of 
the metatarsal bones beneath the tendons of the Extensores digitorum longus et 
brevis, and anastomoses with the lateral tarsal and lateral plantar arteries. It gives 
off the second, third , and fourth dorsal metatarsal arteries, which run forwards upon 
the corresponding Interossei dorsales ; in the clefts between the toes each divides 
into two dorsal digital branches for the sides of the adjoining toes. At the proximal 
parts of the interosseous spaces the dorsal metatarsal arteries receive the posterior 
perforating branches from the plantar arch, and at the distal parts of the spaces 
they are joined by the anterior perforating branches from the plantar metatarsal 
arteries. The fourth dorsal metatarsal artery gives off a branch which supplies the 
lateral side of the fifth toe. 

The first dorsal metatarsal artery (arteria dorsalis hallucis) runs forward on the 
first Interosseus dorsalis, and at the cleft between the first and second toes divides 
into two branches, one of which passes beneath the tendon of the Extensor hallucis 
longus, and is distributed to the medial border of the great toe ; the other bifurcates 
to supply the adjoining sides of the great and second toes. 

The deep plantar artery (communicating artery) descends into the sole of the 
foot, between the two heads of the first Interosseus dorsalis, and completes the 
plantar arch by uniting with the lateral plantar artery. At its junction with this 
artery it gives off the first plantar metatarsal artery (p. 707). 


The Posterior Tibial Artery (figs. 719, 723 724) 

The posterior tibial artery begins at the lower border of the Popliteus, 
opposite the interval between the tibia and fibula, and passes downwards and 
medialwards on the back of the leg. In the lower part of its course it is situated 
midway between the medial malleolus and the medial process of the calcaneal 
tuberosity. It divides beneath the origin of the Abductor hallucis into the 
medial and lateral plantar arteries. 

Relations. — The posterior tibial artery lies successively upon the Tibialis pos- 
terior, the Flexor digitorum longus, the tibia, and the back of the ankle-joint. Its 
upper part is beneath the Gastrocnemius and Soleus, and the deep transverse fascia 
of the leg ; in the lower one-third of the leg it is covered only by the skin and 
fascia, and runs parallel with, and about 2-5 cm. in front of, the medial border of 
the tendo calcaneus ; its terminal part is covered by the laciniate ligament and 
the Abductor hallucis. It is accompanied by two veins, and by the tibial nerve 
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which lies at first to its medial side, but soon crosses it posteriorly, and is, in the 
greater part of its course, on its lateral side. 

The structures which pass from the back of the leg to the sole of the foot under 
cover of the laciniate ligament are arranged in the following order from the medial 
to the lateral side ; first, the tendons of the Tibialis posterior and Flexor digitorum 
longus lying in the same groove behind the malleolus, the former being the more 
medial ; then the posterior tibial artery, with a vein on either side of it ; lateral 
to the posterior tibial vessels is the tibial nerve ; and about 1*25 cm. nearer the 
heel is the tendon of the Flexor hallucis longus. 


Fig. 724. — A transverse section through the leg, 6 cm. proximal to the tip of 
the medial malleolus. 
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Peculiarities . — The posterior tibial artery may be small or absent, its place being sup- 
plied by a large peronseal artery, which either joins the small posterior tibial artery, or 
continues alone to the sole of the foot. 


Applied Anatomy . — Ligature of the posterior tibial artery may be required in cases of 
wound of the sole of the foot, attended with great haemorrhage ; the vessel should then 
be tied at the ankle. In cases of wound of the posterior tibial, it will be necessary to 
enlarge the opening so as to expose the vessel at the wounded point, excepting where the 
vessel is injured by a punctured wound from the front of the leg. 

To tie the posterior tibial artery at the ankle, a curved incision, about 6 cm. long, and 
with its convexity directed backwards, should be made through the skin about one finger’s 
breadth behind the medial malleolus. The subcutaneous tissue having been divided, the 
laciniate (internal annular) ligament is seen. This is divided, and the sheath of the vessels 
exposed and opened, when the artery is seen with one of the venae comitantes on either 
side. The aneurysm needle should be passed round the vessel from the heel towards the 
ankle, in order to avoid the tibial nerve. 

Ligature of the vessel in the middle of the leg (fig. 718, b) is a difficult operation, on 
account of its depth from the surface. The patient being placed in the recumbent position, 
the limb should rest on its fibular side, the knee being partially bent, and the foot extended, 
to relax the muscles of the calf. An incision about 10 cm. long should be made through 
the skin, a finger’s breadth behind the medial margin of the tibia, care being taken to 
avoid the great saphenous vein. The deep fascia having been divided, the margin of the 
Gastrocnemius is exposed, and drawn aside, and the tibial attachment of the Soleus divided. 
The artery may now be felt pulsating beneath the deep transverse fascia, 2*5 cm. from the 
medial margin of the tibia. This fascia having been divided, and the limb placed in such 
a position as will relax the muscles of the calf as much as possible, the veins should be 
separated from the artery and the aneurysm needle passed round the vessel from the lateral 
to the medial side, so as to avoid the tibial nerve. 
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The vessel may be tied in the lower one-third of the leg by malaria an incision about 
S cm. long, parallel with the medial border of the tendo calcaneus ( tin. 718, c). The great 
saphenous vein must be avoided, and the two layers of fascia divided upon a director, 
when the artery will be exposed along the lateral margin of the Flexor digitomm longus, 
with one of its vense comitantes on either side, and the "nerve lying lateral to it. 


Branches. — The branches of the posterior tibial artery are : 


1. Fibular. 

2. Peronseal. 

3. Nutrient. 

4. Muscular. 

5. Communicating. 


6. Posterior medial malleolar. 

7. Medial calcaneal. 

8. Medial plantar. 

9. Lateral plantar. 


1. The fibular artery, sometimes a branch of the anterior tibial artery, passes 
lateralwards round the neck of the fibula, through the Soleus, and anastomoses with 
the lateral inferior genicular artery. 

2. The peronseal artery (fig. 719) arises from the posterior tibial, about 2*5 cm. 
below the lower border of the Popliteus. It passes obliquely towards the fibula, 
and descends along the medial side of that bone, contained in a fibrous canal between 
the Tibialis posterior and the Flexor hallucis longus, or in the substance of the 
latter muscle. It then runs behind the inferior tibiofibular joint, and divides into 
lateral calcaneal branches which ramify on the lateral and posterior surfaces of the 
calcaneus. Its upper part is covered by the Soleus and the deep transverse fascia 
of the leg ; its lower part, by the Flexor hallucis longus. 


Peculiarities. — The peronseal artery may spring from the posterior tibial artery at a 
higher level than usual, or may even be a branch of the popliteal artery ; sometimes it 
arises 7 or S cm. below the inferior border of the Popliteus. It is more frequently increased 
than diminished in size ; and then it either joins and reinforces the posterior tibial artery, 
or takes the place of that artery in the lower part of the leg and foot. When the peronseal 
artery is smaller than usual, a branch from the posterior tibial artery supplies its place ; 
and a branch from the anterior tibial artery compensates for the diminished perforating 
artery. 

The peronseal artery gives off the following branches : 

Muscular branches are supplied to the Soleus, Tibialis posterior, Flexor hallucis longus, 
and Peronsei. 

A nutrient artery supplies the fibula, and is directed downwards. 

A perforating branch pierces the crural interosseus membrane, about 5 cm. above the 
lateral malleolus, and reaches the front of the leg, where it anastomoses with the anterior 
lateral malleolar artery ; it then descends in front of the inferior tibiofibular joint, gives 
branches to the tarsus, and anastomoses with the lateral tarsal artery. The perforating 
branch is sometimes enlarged, and may take the place of the dorsalis pedis artery. 

A communicating branch arises from the peronseal artery about 5 cm. above the 
lower end of the tibia, and joins the communicating branch of the posterior tibial 
artery. 

Lateral calcaneal or terminal brandies of the peromeal artery pass to the lateral side 
of the heel, and communicate with the anterior lateral malleolar artery and, on the back 
of the heel, with the medial calcaneal arteries. 

3. The nutrient artery of the tibia arises from the posterior tibial artery near its 
origin, and, after supplying a few minute muscular branches, enters the nutrient 
canal in the bone, at a point immediately below the popliteal line ; the canal is 
directed downwards. 

4. Muscular branches are distributed to the Soleus and to the deep muscles 
on the back of the leg. 

5. The communicating branch runs transversely across the back of the tibia 
about 5 cm. above its lower end, beneath the Flexor hallucis longus, and joins the 
communicating branch of the peronseal artery. 

6. The posterior medial malleolar artery is a small branch which winds round 
the tibial malleolus and ends in the medial malleolar network. 

7. The medial calcaneal branches are several large arteries which arise from 
the posterior tibial just before its division ; they pierce the laciniate ligament and 
are distributed to the fat and skin behind the tendo calcaneus and about the heel, 
and to the muscles on the tibial side of the sole, anastomosing with the peronseal 
and medial malleolar arteries, and, on the back of the heel, with the lateral calcaneal 
arteries. 
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8. The medial plantar artery (internal plantar artery) (figs. 725, 726), the smaller 
terminal branch of the posterior tibial artery, passes forwards along the medial 
side of the foot. It passes deep to the Abductor hallucis, and then runs 
forwards between it and the Flexor digitorum brevis, both of which it supplies. At t 
the base of the first metatarsal bone, where it is much diminished in size, it passes 
along the medial border of the first toe and anastomoses with the first dorsal meta- 
tarsal artery. It supplies three small superficial digital branches which accompany 
the digital branches of the medial plantar nerve and join the first, second and 
third plantar metatarsal arteries. 

9. The lateral plantar artery (external plantar artery) (fig, 726), the larger of the 
terminal branches of the posterior tibial artery, passes at first obliquely lateral wards 
and forwards to the base of the fifth metatarsal bone in company with the lateral 
plantar nerve. It then turns medialwards with the deep branch of the nerve, to 


Fig. 7*25. — The plantar arteries. 
S up erficial ; : - - c c- 1 ; o'*. 


Fig. 726. — The plantar arteries. 
Deep dissection. 




the interval between the bases of the first and second metatarsal bones, where 
it unites with the deep plantar branch of the dorsalis pedis artery, thus completing 
the 'plantar arch. As this artery passes lateralwards, it is first placed between the 
calcaneus and Abductor hallucis, and then between the Flexor digitorum brevis 
and Quadratus plantse ; as it runs forwards to the base of the fifth metatarsal bone 
it lies between the Flexor digitorum brevis and Abductor digiti quinti, and is covered 
by the plantar aponeurosis, superficial fascia and skin. The remainder of the 
vessel is deeply situated ; it extends from the base of the fifth metatarsal bone to 
the proximal part of the first interosseous space, and forms the plantar arch ; it 
is convex forwards, lies below the bases of the second, third, and fourth metatarsal 
bones and the corresponding Interossei and upon the oblique part of the Adductor 
hallucis. 

Branches, — The plantar arch gives off three perforating, and four plantar meta- 
tarsal, branches, and distributes numerous twigs to the skin, fasciae and muscles in 
the sole. 

The three perforating branches ascend through the proximal parts of the second, 
third, and fourth interosseous spaces, between the heads of the Interossei dorsales, 
and anastomose with the dorsal metatarsal arteries. 
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The four plantar metatarsal arteries (fig. 726) rim forwards between the meta- 
tarsal bones and in contact with the Interossei. Each divides into a pair of plantar 
digital arteries which supply the adjacent sides of the toes. Near their points of 
division each plantar metatarsal artery sends upwards an anterior perforating branch 
to join the corresponding dorsal metatarsal artery. The first plantar metatarsal 
artery (arteria magna hallueis) springs from the junction between the lateral and 
deep plantar arteries (p. 703), and sends a digital branch to the medial side of the 
first toe. The digital branch for the lateral side of the fifth toe arises from the 
lateral plantar artery near the base of the fifth metatarsal hone. 

Applied Anatomy . — Wounds of the plantar arch are always serious, on account of the 
depth of the vessel and the important structures which must be interfered with in an 
attempt to ligature it. They must be treated on similar lines to those of wounds of the 
volar arches (p. 661). Pressure locally, combined with elevation of the limb, may in 
some cases be sufficient to arrest the bleeding, but if this fails, an attempt should be 
made to find the bleeding point and ligature it. Should this prove unsuccessful, it may 
be necessary to ligature the femoral artery below the origin of the arteria profunda 
femoris, as ligature of the anterior and posterior tibial arteries may not be sufficient 
to control the haemorrhage, and under the circumstances it is safer and quicker to tie the 
femoral artery. 


THE VEINS 

The veins convey the blood from the different parts of the body 7 to the heart. 
They receive the blood from the capillaries, and unite with one another 
to form larger vessels which, in their passage towards the heart, increase in 
size as they receive tributaries, or join other veins. The veins are larger and 
more numerous than the arteries ; hence, the capacity of the veins is greater 
than that of the arteries ; the capacity of the pulmonary veins, however, 
only slightly exceeds that of the pulmonary arteries. The veins are cylindrical 
like the arteries ; their walls, however, are thin and they collapse when the vessels 
are empty, and the uniformity of their surfaces is interrupted at intervals by 
slight constrictions, which indicate the existence of valves in their interior (p. 573). 
They communicate very freely with one another, especially in certain regions of 
the body. Thus, between the venous sinuses of the cranium, and between the 
veins of the neck, where obstruction would be attended with imminent danger 
to the cerebral circulation, frequent anastomoses are found. Free communi- 
cations also exist between the veins of the vertebral canal, and between the 
veins composing the various venous plexuses in the abdomen and pelvis. 

The veins consist of two sets, pulmonary and systemic. 

The pulmonary veins, unlike other veins, contain arterial blood which 
they return from the lungs to the left atrium of the heart. 

The systemic venous channels return the venous blood from the body 
generally, to the right atrium of the heart, and are subdivided into three sets, 
viz. superficial and deep veins, and venous sinuses. 

The superficial veins he in the superficial fascia, beneath the skin ; they 
return the blood from these structures, and eventually join the deep veins. 

The deep veins accompany the arteries, and are usually enclosed in the 
same sheaths with those vessels. With the smaller arteries — as the radial, ulnar, 
brachial, tibial, peronseal — they exist generally in pairs, one lying on either 
side of the artery, and are called vence comitantes. The larger arteries — such as 
the axillary, subclavian, popliteal, and femoral — have usually only one accom- 
panying vein. In certain regions, however, the deep veins do not accompany 
the arteries ; for instance, the cerebral veins, the veins of the skull and vertebral 
canal, the hepatic veins in the liver, and the larger veins returning blood from 
the bones. 

Venous sinuses are found only in the interior of the skull, and are canals 
between the two layers of the dura mater. 

The portal vein, an appendage to the systemic venous system, is confined 
to the abdominal cavity, and conveys the venous blood from the spleen and 
the viscera of digestion to the liver, where it breaks up into a network of capillary- 
like vessels, from which the blood is drained by the hepatic veins to the inferior 
vena cava. 
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THE PULMONARY VEINS 

The pulmonary veins return the arterialised blood from the lungs to the 
left atrium of the heart. They are four in number, two from each lung, and 
are destitute of valves. They commence in the capillary network on the walls 
of the alveoli of the lungs, and, joining together, form one vessel from each 
lobule of the lung. These vessels, uniting successively, form a single trunk 
from each lobe, three from the right lung and two from the left. The vein 
from the middle lobe of the right lung generally unites with that from the 
upper lobe, so that ultimately two veins, a superior and an inferior, leave 
each lung ; they perforate the fibrous layer of the pericardium and open 
separately into the upper and posterior part of the' left atrium. Occasionally 
the three veins on the right side remain separate. Sometimes the two left 
pulmonary veins end by a common opening. 

In the root of the lung, the superior pulmonary vein lies in front of and a little 
below the pulmonary artery ; the inferior is situated at the lowest part of the hilum 
of the lung and on a plane posterior to that of the superior vein. Behind the 
pulmonary artery is the bronchus. 

On the right side the upper pulmonary vein passes behind the superior vena cava, 
and the lower behind the right atrium. 

On the left side both pulmonary veins pass in front of the descending thoracic 
aorta. 

Within the pericardium, their anterior surfaces are invested by the serous layer 
of this membrane. 


THE SYSTEMIC VEINS 

The systemic veins may bo arranged into three groups : 1 . The veins of 
the heart. 2. The veins of the upper extremities, head, neck, and thorax, 
which end in the superior vena cava. 3. The veins of the lower extremities, 
abdomen, and pelvis, which end in the inferior vena cava. 


THE VEINS OE THE HEART 

The coronary sinus. — Most of the veins of the heart open into the coronary 
sinus. This is a wide venous channel about 2 or 3 cm. long, situated in the 
posterior part of the coronary sulcus of the heart (fig. 727), between the left 
atrium and left ventricle, and covered by muscular fibres from the left atrium. 
It ends in the right atrium between the opening of the inferior vena cava and 
the atrioventricular orifice, its aperture being guarded by a semilunar valve, 
the valve of the coronary sinus (valve of Thebesius). 

Its tributaries are the great, small, and middle cardiac veins, the posterior 
vein of the left ventricle, and the oblique vein of the left atrium, all of which, 
except the last, are provided with valves at their orifices. 

1. The great cardiac vein (fig. 727) begins at the apex of the heart and ascends 
in the anterior longitudinal sulcus to the bases of the ventricles. It then curves 
to the left in the coronary sulcus, and, reaching the back of the heart, opens into the 
left extremity of the coronary sinus. It receives tributaries from the left atrium 
and from both ventricles : one, the left marginal vein , is of considerable size, and 
ascends along the left margin of the heart. 

2. The small cardiac vein (fig. 727) runs in the coronary sulcus between the right 
atrium and ventricle, and opens into the right extremity of the coronary sinus. It 
receives blood from the back of the right atrium and ventricle ; the right marginal 
vein ascends along the right margin of the heart and joins the small cardiac vein 
in the coronary sulcus, or opens directly into the right atrium. 

3. The middle cardiac vein (fig. 727) begins at the apex of the heart, ascends in the 
posterior longitudinal sulcus, and ends in the coronary sinus near its right extremity. 

4. The posterior vein of the left ventricle (fig. 727) runs on the diaphragmatic 
surface of the left ventricle a little to the left of the middle cardiac vein ; it usually 
opens into the coronary sinus, but may end in the great cardiac vein. 
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5. The oblique vein of the left atrium (oblique vein of Marshall) (fig. 727) is a 
small vessel which descends obliquely on the back of the left atrium and ends in the 
coronary sinus near its left extremity ; it is continuous above with the ligament 
of the left vena cava (vestigial fold of Marshall), and the two structures are remnants 
of the left duct of Cuvier. 


Fig, 727. — The base and the diaphragmatic surface of the heart. 
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The following cardiac veins do not end in the coronary sinus : (1) the anterior 
cardiac veins, comprising three or four small vessels which collect blood from the 
front of the right ventricle and open into the right atrium ; the right marginal 
vein frequently opens into the right atrium, and is therefore sometimes regarded 
as belonging to this group ; (2) the smallest cardiac veins (vv. cordis minimse), 
consisting of a number of minute veins which lie in the muscular wall of the heart 
and open directly into its cavities, most of them into the atria, but a few into the 
ventricles. 


THE VEINS OF THE HEAD AND NECK 

The veins of the head and neck may be subdivided into three groups : 1. The 
veins of the exterior of the head and face. 2. The veins of the neck. 3. The 
diploic veins, the veins of the brain, and the venous sinuses of the dura mater. 

The Veins of the Exterior of the Head and Face (fig. 728) 

Frontal. Superficial temporal 

Supraorbital. Internal maxillary. 

Angular. Posterior facial. 

Anterior facial. Posterior auricular. 

Occipital. 

The frontal vein begins on the forehead in a venous network which communi- 
cates with the frontal tributaries of the superficial temporal vein. Veins converge 
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from tlie’network to form a single trunk, which descends near the middle line of 
the forehead parallel with the vein of the opposite side. At the root of the nose 
the two frontal veins are joined by a transverse branch which is called the nasal 
arch, and receives small veins from the dorsum of the nose. The frontal veins then 
diverge, and at the medial angle of the orbit, each joins with the supra-orbitai vein 
to form the angular vein. Occasionally the frontal veins unite in a single trunk, 
which divides at the root of the nose into the two angular veins. 

The supra-orbitai vein begins near the zygomatic process of the frontal bone, 
where it communicates with the superficial and middle temporal veins. It courses 
medialwards along the upper margin of the orbit beneath the Orbicularis oculi, and, 
at the medial angle of the orbit, pierces this muscle and unites with the frontal 
vein to form the angular vein. It sends a branch through the supra-orbitai notch 
into the orbital cavity to j oin the superior ophthalmic vein ; as this branch traverses 
the supra-orbitai notch it is joined by the frontal diploic vein. 

The angular vein, formed by the junction of the frontal and supra-orbitai veins, 
runs obliquely downwards on the side of the root of the nose, to the level of the 
lower margin of the orbit, where it becomes the anterior facial vein. It receives 
the veins of the ala nasi, and communicates with the superior ophthalmic vein. 
Through the communication of the superior ophthalmic vein with the supra-orbitai 
and angular veins, an anastomosis is established between the anterior facial vein 
and the cavernous sinus. 

The anterior facial vein (facial vein) (fig. 728) begins at the side of the nose as a 
direct continuation of the angular vein. It runs downwards and backwards behind 
the external maxillary (facial) artery, but follows a less tortuous course. It passes 
beneath the Zygomaticus, Risorius and Platysma, descends along the anterior 
border and then on the superficial surface of the Masseter, crosses over the body 
of the mandible, and runs obliquely backwards, beneath the Platysma and super- 
ficial to the submaxillary gland, Digastricus, and Stylohyoideus. It unites with 
the anterior branch of the posterior facial vein to form the common facial vein , 
which enters the internal jugular vein at a variable point below the hyoid bone. 
From near the termination of the common facial vein a branch of considerable size 
often runs down the anterior border of the Sternocleidomastoideus to join the lower 
part of the anterior jugular vein. 

Tributaries. — The anterior facial vein receives a large branch, the deep facial 
vein 3 from the pterygoid venous plexus. It is also joined by the inferior palpebral, 
the superior and inferior labial, the buccinator and the masseteric veins. Relow 
the mandible it receives the submental, palatine, and submaxillary veins, and, 
generally also, the vena comitans of the hypoglossal nerve. 

Applied Anatomy . — There are some points about the anterior facial vein which render 
it of great importance in surgery. It is not so flaccid as are most superficial veins, and, 
in consequence of this, remains more patent when divided. It has, moreover, no valves. 
It communicates freely with the intracranial circulation, not only at its commencement 
by the angular and supra-orbitai veins which are connected with the ophthalmic vein, a 
tributary of the cavernous sinus, but also by the deep facial vein, which communicates 
through the pterygoid plexus with the cavernous sinus by branches passing through the 
foramen ovale and foramen lacerum (p. 724). These facts have an important bearing 
upon the surgery of some diseases ; any phlegmonous inflammation of the face following 
a poisoned wound is liable to set up thrombosis in the anterior facial vein, and detached 
portions of the clot may give rise to purulent foci in other parts of the body. These 
thrombi may extend upwards into the cranial sinuses, and so induce a fatal issue; this 
has been known to follow in cases of ordinary carbuncle of the face. The position of the 
vein must be borne in mind when incisions are made for the relief of suppuration about 
the mandible. 

The superficial temporal vein (fig. 728) begins on the side and vertex of the skull 
in a network which joins with the corresponding vein of the opposite side, and with 
the frontal, supra-orbitai, posterior auricular and occipital veins. From this net- 
work, frontal and parietal branches arise, and unite above the zygomatic arch to 
form the superficial temporal vein, which is joined in this situation by the middle 
temporal vein. It then crosses the posterior root of the zygomatic arch, enters the 
substance of the parotid gland, and unites with the internal maxillary vein to 
form the posterior facial vein. 

Tributaries. — The superficial temporal vein receives some veins from the parotid 
gland, articular veins horn the mandibular joint, anterior auricular veins from 
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the auricula, and the transverse facial from the side of the face. The middle 
temporal vein, after receiving the orbital vein which is formed by some lateral 
palpebral branches, passes backwards between the layers of the temporal fascia to 
join the superficial temporal vein. 

The pterygoid plexus is of considerable size, and is situated partly between 
the Temporalis and Pterygoideus externus, and partly between the two Pterygoidei. 
It receives the sphenopalatine, deep temporal, pterygoid, masseteric, buccinator, 


Pig. 728. — The veins of the right side of the head and neck. 



alveolar, and some palatine veins, and a branch or branches from the inferior 
ophthalmic vein. The pterygoid plexus anastomoses with the anterior facial vein, 
through the deep facial vein ; it is also connected with the cavernous sinus by veins 
which pass through the foramen Vesalii, foramen ovale, and foramen lacerum. 

The internal maxillary vein is a short trunk which accompanies the first part 
of the internal maxillary artery and is formed by a confluence of the veins of the 
pterygoid plexus. It passes backwards between the sphenomandibular ligament 
and the neck of the mandible, and unites with the temporal vein to form the posterior 
facial vein. 

The posterior facial vein (temporomaxillary vein), formed by the union of the 
superficial temporal and internal maxillary veins, descends in the substance of 
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tlie parotid gland, superficial to the external carotid artery but deep to the facial 
nerve, between the ramus of the mandible and the Sternocleidomastoideus. It 
divides into two branches, an anterior, which passes forwards and unites with the 
anterior facial vein to form the common facial vein, and a posterior, which is joined 
by the posterior auricular vein and becomes the external jugular vein. 

The posterior auricular vein (fig. 728) begins on the posterior part of the side 
of the head, in a network w T hich communicates with the tributaries of the occipital 
and superficial temporal veins. It descends behind the auricula, and joins the 
posterior division of the posterior facial vein to form the external jugular vein. 
It receives the stylomastoid vein and some tributaries from the cranial surface of 
the auricula. 

The occipital vein begins in a venous network at the posterior part of the skulk 
It pierces the cranial attachment of the Trapezius, dips into the suboccipital triangle 
and joins the deep cervical and vertebral veins. Occasionally it follows the course 
of the occipital artery and ends in the internal jugular vein ; sometimes it joins 
the posterior auricular vein and through it opens into the external jugular vein. 
The parietal emissary vein connects it with the superior sagittal sinus, and the 
mastoid emissary vein with the transverse sinus. The occipital diploic vein 
sometimes joins it. 


The Veins oe the Neck (figs. 728, 729) 

External jugular. Anterior jugular. 

Posterior external jugular. Internal jugular. 

Vertebral. 

The external jugular vein (fig. 728) receives the greater part of the blood from 
the exterior and from the deep pa rts o£ the .face.' and is formed by 
the union of the posterior division of the posterior facial vein with the posterior 
auricular vein. It_j3egins.in.i;he substance. of ihe parotid gland, on a level with 
the angle of the mandible, and runs down the neck, where its course is represented 
by a line drawn from the angle of the mandible to the middle of the clavicle. It 
crosses the Sternocleidomastoideus obliquely, and in the subclavian triangle per- 
forates the deep fascia, and ends in^the subclavdan vein, lateral to or in front of the 
Scalenus anterior ; the wall of the vein is adherent to the circumference of the 
opening in the deep fascia. It is covered by the Platysma, superficial fascia, and 
skin, and separated from the Sternocleidomastoideus by the investing layer of the 
deep cervical fascia ; it crosses the cutaneous cervical nerve, and its upper half 
runs parallel with the great auricular nerve. The external jugular vein varies in 
size, bearing an inverse proportion to the other veins of the neck ; it is occasionally 
double. It is provided with two pairs of valves, a lower pair at its entrance into 
the subclavian vein, an upper about 4 cm. above the clavicle. The portion of the 
vein between the two sets of valves is often dilated, and is termed the sinus. These 
valves do not prevent regurgitation of the blood, or the passage of injection from 
below upwards. 

Tributaries. — The external jugular vein receives the posterior external jugular, 
and, near its termination, the transverse cervical, transverse scapular, and anterior 
jugular veins ; in the parotid gland it is joined by a large branch from the internal 
jugular vein. The occipital vein occasionally opens into it. 

The posterior external jugular vein begins in the occipital region and returns, 
the blood from the skin and superficial muscles in the upper and posterior part 
of the neck. It opens into the middle part of the external jugular vein. 

The anterior jugular vein (figs. 728, 729) is devoid of valves and begins near the* 
j^yoid bone by the confluence of several superficial veins from the submaxillary 
region. It descends between the median line and the anterior border of the Sterno- 
cleidomastoideus ; at the lower part of the neck it turns lateralwards beneath that 
muscle, but superficial to the depressors of the hyoid bone, and opens into the 
termination of the external jugular vein, or into the subclavian vein. Its size 
varies considerably, and usually bears an inverse proportion to that of the external 
jugular vein. It communicates with the internal jugular vein and receives as 
tributaries some laryngeal veins, and occasionally a small thyreoid vein. There 
are^ usually two anterior jugular veins, a right and a left ; just above the sternum 
they are united by a large transverse trunk, the vgnous jugular arch , which receives 
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tributaries from the inferior thyreoid veins. The anterior jugular veins may be 
rejilaced by a single trunk which descends in the middle line of the neck. 

Applied Anatomy . — \ enesection used formerly to be performed on the external jugular 
vein, but is now probably never resorted to. When the vein is cut there is some risk of 
air being drawn into it. 

The internal jugular vein (fig. 729) collects the blood from the brain, from the 
superficial parts of the face, and from the neck. It begins at the base of the skull 
in the posterior compartment of the jugular foramen, where it is directly continuous 


Fig. 729. — The veins of the neck. Anterior aspect. (After Spalteholz.) 
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with the transverse sinus. At its origin it is somewhat dilated ; this dilatation is 
called the superior bulb and lies below the posterior part of the floor of the tympanic 
cavity. The vein runs down the side of the neck under cover of the Sternocleido- 
mastoideus, lying at first lateral to the internal carotid artery, and then lateral to 
the common carotid artery. At the root of the neck it unites with the subclavian 
vein to form the innominate vein. The internal jugular vein is dilated near its 
termination to form what is known as the inferior bulb ; directly above this bulb 
the vein contains a pair of valves. In the upper part of its course, it lies upon the 

Rectus capitis lateralis, behind the int,ernal. caratid»ar.tery and the nerves passing 

through theyugd&I ; lower down, the vein and artery lie upon the same 

plane, the glossopharyngeal* and hypoglossal nerves passing forwards between them ; 
the vagus nerve descends in the same sheath as the vein and artery, but lies between) 
and on a plane posterior to them ; the accessory nerve runs obliquely backwards, \ 
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about 28 per cent, of subjects the pubic branch is large, and takes the place of the obturator 
artery (p. 680). 

Branches are distributed to the abdominal muscles and the peritoneum, and anastomose 
with the iliac circumflex and lumbar arteries. 

Cutaneous branches perforate the tendon of the Obliquus externus abdominis, supply 
the skin and anastomose with branches of the superficial epigastric artery. 

Peculiarities . — The inferior epigastric artery may spring from any part of the external 
iliac artery between the inguinal ligament and a point 6 cm. above it ; or it may arise 
below this ligament, from the femoral artery. It frequently springs from the external 
iliac artery, by a common trunk with the obturator artery. Sometimes it arises from the 
obturator artery, or it may be formed of two branches, one from the external iliac artery, 
the other from the hypogastric artery. 

Applied Anatomy . — The inferior epigastric artery has important surgical relations, 
and is one of the principal means, through its anastomosis with the internal mammary, 
of establishing the collateral circulation after ligature of either the common or external 
iliac arteries. It lies close to the abdominal inguinal ring, and is therefore medial to an 
oblique inguinal hernia, but lateral to a direct inguinal hernia, as these emerge from the 
abdomen. It forms the lateral boundary of Hesselbach’s triangle, and is in close rela- 
tionship with the spermatic cord, which lies in front of it in the inguinal canal, separated 
only by the transversalis fascia. The ductus deferens hooks round its lateral side. 

The deep iliac circumflex artery arises from the lateral side of the external iliac 
artery nearly opposite the inferior epigastric artery. It ascends obliquely behind 
the inguinal ligament, in a sheath formed by the junction of the transversalis and 
iliac fascise, to the anterior superior iliac spine, where it anastomoses with the 
ascending branch of the lateral femoral circumflex artery. It then pierces the 
transversalis fascia and passes along the inner lip of the crest of the ilium to about 
its middle, where it perforates the Transversus abdominis and runs backwards 
between that muscle and the Obliquus internus, to anastomose with the iliolumbar 
and superior glutseal arteries. Opposite the anterior superior iliac spine it gives off 
a large branch (fig. 557), which ascends between the Obliquus internus and Trans- 
versus, supplying them, and anastomosing with the lumbar and inferior epigastric 

arteries. 

■v 


THE ARTERIES OF THE LOWER EXTREMITY 

The chief artery of the lower extremity is a direct continuation of the external 
iliac. It extends from the level of the inguinal ligament to the lower border 
of the Popliteus, where it divides into the anterior and posterior tibial arteries. 
Its upper part is named the femoral artery, its lower the popliteal artery. 


The Femoral Artery (figs. 714, 716) 

The femoral artery is the continuation of the external iliac artery. It 
begins behind the inguinal ligament, midway between the anterior superior 
iliac spine and the symphysis pubis, and passes down the front and medial 
side of the thigh. It ends at the junction of the middle with the lower one- 
third of the thigh where it passes through an opening in the Adductor 
magnus to become the popliteal artery. The first 3 cm. or 4 cm. of the 
vessel are enclosed, together with the femoral vein, in the femoral sheath. The 
upper part of the femoral artery is contained in the femoral triangle (Scarpa’s 
triangle), the lower part in the adductor canal (Hunter’s canal). 

The femoral sheath (figs. 710, 711) is formed by a prolongation down- 
wards, behind the inguinal ligament, of the fascise which line the abdomen, the 
transversalis fascia being continued down in front of the femoral vessels and 
the iliopectineal fascia behind them. The sheath has the form of a short 
funnel, the wide end of which is directed upwards, while the lower, narrow end 
fuses with the fascial investment of the vessels, about 3 or 4 cm. below the 
inguinal ligament. The lateral wall of the sheath is vertical and is perforated 
by the lumbo-inguinal nerve ; the medial wall is directed obliquely downwards 
and lateralwards, and is pierced by the great saphenous vein and by some 
lymphatic vessels. The sheath is divided by two vertical partitions -which 
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level with the greater cornu of the hyoid bone. The vein should be ligatured in two 
places and divided between. After the vessel has been secured and divided, the trans- 
verse sinus is to be thoroughly cleared out, and, by removing the ligature from the upper 
end of the divided vein, all septic clots removed by syringing from the sinus through the 
vein. If haemorrhage occur from the distal end of the sinus, it can be arrested by careful 
plugging with gauze between the sinus and the bone. When the thrombosis involves the 
superior bulb of the internal jugular vein, the glossopharyngeal, vagus and accessory nerves 
may be paralysed. The hypoglossal nerve is sometimes paralysed by extension of the 
thrombus to the veins of the hypoglossal canal. 

The internal jugular vein is also surgically important, because it is surrounded by a 
number of deep cervical lymph-glands; and when these are enlarged in tuberculous or 
malignant disease, they are apt to adhere to the vessel, rendering their removal difficult 
and often dangerous. The proper course to pursue in these cases is to ligature the vessel 
above and below the glandular mass, and remove the included portion with the glands. 

Cardiac pulsation is often demonstrable in the internal jugular vein at the root of the 
neck. There are no valves in the innominate veins or superior vena cava; in conse- 
quence, the systole of the right atrium causes a wave to pass up these vessels, and when 
the conditions are favourable this wave appears as a somewhat feeble flicker over the 
internal jugular vein at the root of the neck, quite distinct from, and just preceding, the 
more forcible impulse transmitted from the underlying common carotid artery and due to 
the ventricular systole. This atrial systolic venous impulse is much increased in condi- 
tions in which the right atrium is abnormally distended with blood or is hypertrophied, 
as is often the case in disease of the bicuspid valve. In the Adams- Stokes’ syndrome 
(p. 591) it is this pulsation which gives evidence of the fact that the atria are beating 
faster — often two or three times faster — than the” ventricles. 

The vertebral vein is formed in the suboecipital triangle, from numerous small 
tributaries which spring from the internal vertebral venous plexuses and issue from 
the vertebral canal above the posterior arch of the atlas. They unite with small 
veins from the deep muscles at the upper part of the back of the neck, and form a 
vessel which enters the foramen in the transverse process of the atlas, and descends, 
forming a dense plexus around the vertebral artery, in the canal formed by the 
foramina transversaria of the cervical vertebrae. This plexus ends in the vertebral 
vein, which emerges from the foramen transversarium of the sixth cervical vertebra, 
and opens into the upper and posterior part of the innominate vein, the opening 
being guarded by a pair of valves. On the right side, it crosses the first part of the 
subclavian artery. 

Tributaries. — The vertebral vein communicates with the transverse sinus of 
the skull by a vein which passes through the condyloid canal, when that canal exists. 
It receives branches from the occipital vein, from the prevertebral muscles, and 
from the internal and external vertebral venous plexuses. It is joined by the 
anterior vertebral and the deep cervical veins ; close to its termination it sometimes 
receives the first intercostal vein. 

The anterior vertebral vein commences in a plexus around the transverse processes 
of the upper cervical vertebrae, descends in company with the ascending cervical 
artery between the Scalenus anterior and Longus capitis, and opens into the 
terminal part of the vertebral vein. 

The deep cervical vein accompanies its artery between the Semispinales capitis 
et colli. It begins in the suboecipital region by communicating branches from 
the occipital vein and by small veins from the deep muscles at the back of the 
neck. It receives tributaries from the plexuses around the spinous processes of 
the cervical vertebrae, and passes forwards between the transverse process of the 
seventh cervical vertebra and the neck of the first rib to end in the lower part of 
the vertebral vein. 


The Diploic Veins (fig. 731) 

The diploic veins occupy channels in the diploe of the cranial bones 
and are devoid of valves. They are large, and exhibit at irregular intervals 
pouch-like dilatations ; their walls are thin, and formed of endothelium sup- 
ported by a layer of elastic tissue. 

They communicate with the meningeal veins, the sinuses of the dura mater, 
and the veins of the pericranium. They consist of (1) the frontal diploic vein , 
which emerges from the bone at the supra-orbital foramen, and opens into the 
supra-orbital vein ; (2) the anterior temporal diploic vein , which is confined 
chiefly to the frontal bone, and pierces the great wing of the sphenoidal hone 
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to end in the sphenoparietal sinus or in the anterior deep temporal vein ; (3) the 
'posterior temporal diploic vein , which is situated in the parietal bone ; it descends 
to the mastoid angle of the parietal bone and joins the transverse sinus through 


Pig. 731. — The veins of the diploe. Displayed by the removal of the 
outer table of the skull 



an aperture at the mastoid angle of the parietal bone or through the mastoid 
foramen ; and (4) the occipital diploic vein , the largest of the four, which is 
confined to the occipital bone, and opens into the occipital vein, or into the 
transverse sinus near the confluence of the sinuses. 


The Veins of the Bbain 

The veins of the brain possess no valves, and their walls, owing to the 
absence of muscular tissue, are extremely thin. They pierce the arachnoid 
membrane and the inner or meningeal layer of the dura mater, and open into 
the cranial venous sinuses. They consist of two sets, cerebral and cerebellar. 

The cerebral veins are divisible into external and internal groups according 
as they drain the outer surfaces or the inner parts of the hemispheres. 

The external cerebral veins are the superior, middle, and inferior. 

The superior cerebral veins , eight to twelve in number, drain the superior, lateral, 
and medial surfaces of the hemispheres, and are mainly lodged in the sulci between 
the gyri, but some run across the gyri. They open into the superior sagittal sinus ; 
the anterior veins run nearly at right angles to the sinus ; the posterior and larger 
veins are directed obliquely forwards, and thus open into the sinus in a direction 
opposed to the current of the blood contained within it. 

The middle cerebral veins (superficial Sylvian veins) are two in number. Each 
begins on the lateral surface of the hemisphere, and, running along the lateral 
cerebral fissure, ends in the cavernous sinus. Each is connected (a) with the 
superior sagittal sinus by the great anastomotic vein of Trolard , which opens into 
one of the superior cerebral veins ; (b) with the transverse sinus by the posterior 
anastomotic vein of Labbe, which courses over the temporal lobe. 

The inferior cerebral veins , of small size, drain the under surfaces of the hemi- 
spheres. Those on the orbital surfaces of the frontal lobes join the superior cerebral 
veins, and through these open into the superior sagittal sinus ; those of the temporal 
lobes anastomose with the basal and middle cerebral veins, and join the cavernous, 
superior petrosal and transverse sinuses. 
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The basal veins are two in number. Each begins at the anterior perforated 
substance by the union of (a) a small anterior cerebral vein which accompanies 
the anterior cerebral artery, (b) the deep middle cerebral vein (deep Sylvian vein), 
which receives tributaries from the insula and neighbouring gyri, and runs in the 
lower part of the lateral cerebral fissure, and (c) the inferior striate veins which 
leave the corpus striatum through the anterior perforated substance. The basal 
vein passes backwards round the cerebral peduncle, and ends in the internal 
cerebral vein (vein of Galen) ; it receives tributaries from the interpeduncular fossa, 
the inferior horn of the lateral ventricle, the hippocampal gyrus, and the mid-brain. 

The internal cerebral veins (veins of Galen), two in number, drain the deep 
parts of the hemisphere ; each is formed near the interventricular foramen by the 
union of the terminal and chorioid veins. They run backwards parallel with one 
another, between the layers of the tela chorioidea of the third ventricle, and beneath 
the splenium of the corpus callosum, where they unite to form a short trunk, the 
great cerebral vein ; just before their union each receives the corresponding basal 
vein. 

The terminal vein (vena corporis striati) runs in the groove between the corpus 
striatum and thalamus, receives numerous veins from both of these structures, 
and unites behind the crus fornicis with the chorioid vein, to form one of the internal 
cerebral veins. The chorioid vein runs along the whole length of the chorioid 
plexus, and receives veins from the hippocampus, the fornix, and the corpus callosum. 

The great cerebral vein (vena magna Galeni), formed by the union of the two 
internal cerebral veins, is a short median trunk which curves backwards and upwards 
around the splenium of the corpus callosum and opens into the anterior extremity 
of the straight sinus. 

The cerebellar veins are placed on the surface of the cerebellum, and 
consist of two sets, superior and inferior. The superior cerebellar veins pass 
partly forwards and mediabwards, across the superior vermis, to end in the 
straight sinus and the internal cerebral veins, partly lateralwards to the 
transverse and superior petrosal sinuses. The inferior cerebellar veins , of large 
size, end in the transverse, superior petrosal, and occipital sinuses. 


The Venous Sinuses of the Duka Mater (figs. 732 to 736) 

The sinuses of the dura mater are venous channels which drain the blood 
from the brain ; they are situated between the two layers of the dura mater 
and are lined by endothelium continuous with that which lines the veins ; 
they contain no valves and their walls are devoid of muscular tissue. They 
may be divided into two groups : (1) a posterosuperior, at the upper and 
posterior parts of the skull, and (2) an antero -inferior, at the base of the skull. 

1. The posterosuperior group of venous sinuses : 

Superior sagittal. Straight. 

Inferior sagittal. Two transverse. 

Occipital. 

The superior sagittal sinus (superior longitudinal sinus) (figs. 732, 733) 
occupies the attached or convex margin of the falx cerebri. It commences in 
front of the crista galli, and receives through the foramen caecum, if this foramen 
be patent, a vein from the nasal cavity ; it runs backwards, grooving the inner 
surface of the frontal bone, the adjacent margins of the two parietal bones, and 
the superior division of the cruciate eminence of the occipital bone ; near the 
internal occipital protuberance it deviates to one or other side (usually the 
right) and is continued as the corresponding transverse sinus. It is triangular 
in cross-section and gradually increases in size as it passes backwards. On 
its inner surface are the openings of the superior cerebral veins, and numerous 
fibrous bands ( chordae Willisii) which cross the inferior angle of the sinus ; the 
sinus also communicates through small openings with irregularly- shaped venous 
lacunae (lacunae laterales) in the dura mater near the sinus. There are usually 
three lacunae laterales on each side of the sinus : a small frontal, a large parietal, 
and an occipital which is intermediate in size between the other two (Sargent »). 

* Percy Sargent, Journal of Anatomy and Physiology , vol. xlv. 



718 


ANGIOLOGY 


Many fine fibrous bands cross the lacunae, and numerous arachnoidal granula- 
tions (Pacchionian bodies) project into them from below. The superior sagittal 
sinus receives the superior cerebral veins, veins from the diploe and dura mater, 
and, near the posterior extremity of the sagittal suture, veins from the peri- 
cranium, which pass through the parietal foramina. 


Fig. 732. — The superior sagittal sinus laid open after the removal of the skull- 
cap. The chordae Willisii and venous lacunse are clearly seen ; from two 
of the lacunae probes are passed into the sinus. (Poirier and Charpv. ) 



Clark'* says the lacunae, lateralis should not be described as single well-defined cavities, 
but rather as a complicated meshwork of veins into which the diploic veins and the superior 
terminations of the meningeal veins open. He asserts that the superior cerebral veins 
never open into the lacunse, but pass beneath them and open directly into the superior 
sagittal sinus. 

Applied Anatomy . — The communications which take place between the superior sagittal 
sinus and the veins of the nose, scalp, and diploe, cause it to be at times the seat of 
infective thrombosis from suppurative processes in these parts. 

The inferior sagittal sinus (inferior longitudinal sinus) (fig. 733) is con- 
tained in the posterior one-half or two-thirds of the free margin of the falx 
cerebri. It increases in size as it passes backwards, and ends in the straight 
sinus. It receives several veins from the falx cerebri, and occasionally a few 
from the medial surfaces of the hemispheres. 

The straight sinus (figs. 733, 734) is situated in the line of junction of the 
falx cerebri with the tentorium cerebelli It is triangular in cross-section, and 
is traversed by a few transverse bands. It runs backwards and downwards 
from the end of the inferior sagittal sinus to the transverse sinus of the side 
opposite to that into which the superior sagittal sinus is prolonged. Its ter- 
minal part communicates by a cross branch with the confluence of the sinuses. 
Besides the inferior sagittal sinus, it receives some of the superior cerebellar 

* W. E. le Gros Clark, Journal of Anatomy, vol. lv. 
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veins, and, at its commencement, the great cerebral vein (vena magna Galeni), 
the site of opening of this vein being marked by a dilatation. 

The transverse sinuses (lateral sinuses) (figs. 734, 735) are of large size, 
and begin at the internal occipital protuberance ; one, generally the right, 
being the direct continuation of the superior sagittal sinus, the other of the 
straight sinus. Each transverse sinus passes lateralwards and forwards, 
describing a slight curve -with its convexity upwards, to the base of the petrous 
portion of the temporal bone and lies, in this part of its course, in the attached 


Fig. 733. — The dura mater and its processes. Exposed by removing part of the 
right half of the skull, and the brain. 



Trigeminal nerve 


margin of the tentorium cerebelli ; it then leaves the tentorium and curves 
downwards and medial wards to reach the posterior part of the jugular foramen, 
through which it passes, and ends in the internal jugular vein. It rests succes- 
sively upon the squama of the occipital bone, the mastoid angle of the parietal 
bone, the mastoid part of the temporal bone, and the jugular process of the 
occipital bone ; the portion which occupies the groove on the mastoid part 
of the temporal bone is sometimes termed the sigmoid sinus. The transverse 
sinuses are frequently of unequal size, that formed by the superior sagittal 
sinus being the larger ; they increase in size as they proceed from behind 
forwards. On transverse section the horizontal portion of the sinus exhibits 
a prismoid, the curved portion a semicylindrical, form. They communicate 
with the veins of the pericranium by means of the mastoid and condyloid 
emissary veins, and receive the superior petrosal sinuses, some inferior cerebral, 
inferior cerebellar, and diploic veins, and the posterior anastomotic vein of 
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Labbe (p. 716). The petrosquamous sinus, when present, runs backwards 
along the junction of the squama and petrous portion of the temporal bone, and 
opens into the transverse sinus. 

The occipital sinus (fig. 735), the smallest of the cranial sinuses, is situated 
in the attached margin of the falx cerebelli, and is generally single, but occa- 
sionally there are two. It commences around the margin of the foramen 
magnum by several small venous channels, one of which joins the terminal part 
of the transverse sinus ; it communicates with the posterior internal vertebral 
venous plexuses, and ends in the confluence of the sinuses. 


Fig. 734. — The tentorium cerebelli. Superior aspect. 


Optic nerve 
Diaphragms seUce 


Free margin of tentorium. 


Internal carotid artery 
Oculomotor nerve 

Attached margin of tentorium 



Confluence of the sinuses 


The confluence of the sinuses , or torcular Herophili , is the term applied to 
the dilated extremity of the superior sagittal sinus. It is lodged on one side 
(generally the right) of the internal occipital protuberance, and from it the 
transverse sinus of the same side is derived. It receives also the blood from 
the occipital sinus, and is connected by a channel with the commencement of 
the opposite transverse sinus. 

2. The antero-inferior group of venous sinuses : 

Two cavernous. * Two inferior petrosal. 

Two sphenoparietal. Basilar plexus. 

Two intercavernous. Middle meningeal. 

Two superior petrosal. 

The cavernous sinuses (figs. 735, 736) are placed on the sides of the body 
of the sphenoidal bone, and are so named because they present a reticulated 
structure, due to their being traversed by numerous interlacing filaments. 
Each extends from the superior orbital fissure in front, to the apex of the petrous 
part of the temporal bone behind, and has an average length of 2 cm. and a 
width of 1 cm. Passing through each sinus is the internal carotid artery, 
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surrounded by filaments of the carotid plexus; near to the lateral side of the 
artery is the abducent nerve ; on the lateral wail of the sinus are the oculo- 
motor and trochlear nerves, and the ophthalmic and maxillary divisions of the 
trigeminal nerve (fig. 736). These structures are separated from the blood in 
the sinus by the lining membrane of the sinus. Medial to the cavernous sinus 
are the sphenoidal air-sinus and the hypophysis (pituitary body) ; lateral to it, 
the temporal lobe of the cerebrum : posterior to it, the semilunar ganglion of 
the trigeminal nerve. 


Fig. 735. — The sinuses at the base of the skull. 



Superior sagittal sinus 


The tributaries of the cavernous sinus are the superior ophthalmic vein, a 
branch from the inferior ophthalmic vein, the middle cerebral or superficial 
Sylvian vein, some inferior cerebral veins, and the sphenoparietal sinus ; the 
central vein of the retina sometimes opens into it. The cavernous sinus com- 
municates with the transverse sinus through the superior petrosal sinus ; with 
the internal jugular vein through the inferior petrosal sinus and a plexus of 
veins on the internal carotid artery ; with the pterygoid venous plexus by 
veins which pass through the foramen Vesalii, foramen ovale, and foramen 
iacerum ; and with the angular vein through the superior ophthalmic vein. 
The two sinuses also communicate with each other by means of the anterior 
and posterior intei cavernous sinuses and the basilar plexus. 

The sphenoparietal sinuses course along the under surfaces of the small 
wings of the sphenoidal bone, near their posterior edges. Each sinus receives 
some small veins from the adjacent part of the dura mater and may receive 
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one of the middle meningeal sinuses ; it opens into the anterior part of the 
cavernous sinus. 


Applied Anatomy . — An arteriovenous communication may be established between 
the cavernous sinus and the internal carotid artery, giving rise to a pulsating tumour 
in the orbit. Such communication may be the result of a bullet wound, a stab, or a blow 
or fall sufficiently severe to cause a fracture of the base of the skull in this situation. The 
symptoms are sudden noise and pain in the head, followed by exophthalmos, swelling 
and congestion of the eyelids and conjunctivas, and development of a pulsating tumour 
at the margin of the orbit, with thrill and the characteristic bruit; accompanying these 
symptoms there may be impairment of sight, paralysis of the iris and orbital muscles, 
and pain of varying intensity. In some cases the opposite orbit becomes affected by the 
passage of the arterial blood into the opposite sinus by means of the intercavernous 
sinuses; or the arterial blood may find its way through the emissary veins (p. 724) into 
the pterygoid plexus, and thence into the veins of the face. Pulsating tumours of the 
orbit may also be due to traumatic aneurysm of one of the orbital arteries, and symptoms 
resembling those of pulsating tumour may be produced by the pressure of an aneurysm of 
the internal carotid artery upon the ophthalmic veins as they enter the sinus. Ligature 
of the internal or common carotid artery has been performed in these cases with con- 
siderable success. 

It is now well known that caries in the upper parts of the nasal cavities and sup- 
puration in certain of the accessory sinuses of the nose are frequently responsible for 
septic thrombosis of the cavernous sinuses, in exactly the same way as thrombosis of the 
transverse sinus is due to septic disease in the mastoid process. Many deaths from 
meningitis, hitherto unaccounted for, are in reality due to the spread of an infection 
:rem the cthmcMnl or sphenoidal air-sinuses to the cavernous sinuses, and thence to the 
meninges. 


-An oblique section through the 
left cavernous sinus. 

Internal carotid artery 
I Cavernous sinus 


The ophthalmic veins (fig. 737), two in number, superior and inferior, are devoid 
of valves. 

The superior ophthalmic vein begins behind the medial angle of the upper eyelid 
by the union of two branches which communicate anteriorly with the angular and 

supra-orbital veins (p. 710). It 
runs alongside the ophthalmic 
Fig. 736.— An oblique section through the artery, receives tributaries corre- 
left cavernous sinus. sponding to the branches of that 

Internal carotid artery Vessel > P asses trough the medial 
I Cavernous sinus P art of superior orbital fissure, 
„ , f and ends in the cavernous sinus. 

cu omoto t nerve ' J The inferior ophthalmic vein 

begins m a venous network at 
Ophthalmic nerve — the fore part of the floor and 
Abducent nerve medial wall of the orbit ; it re- 

ceives some veins from the Rectus 
,, < inferior, Obliquus inferior, lacrimal 

Maxillary ^ a c and eyelids, . and runs back. 

ophthalmic vein,' but may open 
~ into the cavernous sinus. It 

communicates with the pterygoid 
venous plexus by means of small veins which pass through the inferior orbital 
fissure. 


Oculomotor nerve - 
Trochlear nerve- 

Ophthalmic nerve - 
Abducent nerve - 


Maxillary nerve ■ 




The intercavernous sinuses, an anterior and a posterior, connect the caver- 
nous sinuses across the middle line, and are situated in the anterior and posterior 
borders of the diaphragma sellse ; they form with the cavernous sinuses a 
venous circle {circular sinus) (fig. 735) ; the posterior intercavernous sinus is 
sometimes absent. 


The superior petrosal sinuses (fig. 735), small and narrow, drain the 
cavernous sinuses into the transverse sinuses. Each runs lateralwards and 
backwards, from the posterosuperior part of the corresponding cavernous sinus, 
over the trigeminal nerve, and lies in the attached margin of the tentorium 
cerebelli and in the superior petrosal sulcus of the temporal bone ; it joins the 
transverse sinus where the latter curves downwards on the inner surface of the 
mastoid part of the temporal bone. It receives some cerebellar and inferior 
cerebral veins, and veins from the tympanic cavity. 
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The inferior petrosal sinuses drain the cavernous sinuses into the 
internal jugular vein. Each (fig. 735) begins in the postero-inferior part of 
the corresponding cavernous sinus, runs backwards in a groove between the 
petrous part of the temporal bone and the basilar part of the occipital bone, 
and, passing through the anterior part of the jugular foramen, ends in the 
superior bulb of the internal jugular vein. It receives the internal auditory 
veins and also veins from the medulla oblongata, pons, and under surface of 
the cerebellum. 

The relations of the structures transmitted through the jugular foramen are 
as follows : the inferior petrosal sinus lies medially and anteriorly with the 
meningeal branch of the ascending pharyngeal artery, and is directed obliquely 
downwards and backwards ; the transverse sinus is situated at the lateral 
and posterior part of the foramen with a meningeal branch of the occipital 
artery ; between the two sinuses are the glossopharyngeal, vagus, and accessory 



nerves. These three sets of structures are divided from each other by two 
processes of the dura mater. The junction of the inferior petrosal sinus with 
the internal jugular vein takes place on the lateral aspect of the nerves. 

The basilar plexus (fig. 735) consists of several interlacing venous channels 
situated between the layers of the dura mater over the basilar part of the 
occipital bone ; it connects the two inferior petrosal sinuses, and communicates 
with the anterior internal vertebral venous plexus. 

The middle meningeal sinuses (middle meningeal veins) (fig. 735) accom- 
pany the branches of the middle meningeal arteries. They communicate 
above with the superior sagittal sinus and adjoining venous lacunas, and unite 
to form two principal trunks, an anterior and a posterior, which accompany 
more or less closely the branches of the middle meningeal arteries in the grooves 
on the inner surface of the parietal bone ; sometimes they occupy grooves apart 
from the arteries. Their mode of ending is subject to some variation. The 
posterior trunk may leave the cranial cavity through the foramen spinosum 
and open into the pterygoid venous plexus. The anterior trunk may reach the 
pterygoid plexus by emerging through the foramen ovale, or it may end in 
the sphenoparietal sinus or in the cavernous sinus. Resides their meningeal 
tributaries they receive some small inferior cerebral veins, and communicate 
with the diploic veins and with the middle cerebral vein. 

Wood Jones * has pointed out that the grooves on the inner surfaces of 
the parietal bones are in reality impressed by the middle meningeal sinuses 

* Journal of Anatomy and Physiology., vol. xlvi. 
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and not by the middle meningeal arteries, and says. “ contrary to the general 
belief of surgeons, the vascular tunnel at the pterion, although it lodges arterial 
branches, is typically formed by, and typically lodges a venous sinus.” He 
finds that the sinuses do not commonly pass out of the skull through the fora- 
men spinosum, but adds that the limited number of his dissections for deter- 
mining this point does not warrant any dogmatic statement. He is inclined 
to think that the blood which is poured out in most cases of middle meningeal 
haemorrhage may be derived from the easily torn sinuses, and a similar view 
is expressed in Poirier and Charpy’s Treatise of Human Anatomy , vol. ii. part 3 , 
p. 930. 


The Emissary Veins 

The emissary veins pass through apertures in the cranial wall and establish 
communications between the venous sinuses inside the skull and the veins 
external to it. Some are always present, others occasionally so. l.A mastoid 
vein runs through the mastoid foramen and unites the transverse sinus with the 
posterior auricular or occipital vein. 2. A parietal vein passes through the 
parietal foramen and connects the superior sagittal sinus with the veins of 
the scalp. 3. A network of minute veins (rete canalis hypoglossi) traverses 
the hypoglossal canal and joins the transverse sinus with the internal 
jugular vein. 4. An inconstant condyloid vein passes through the condyloid 
canal and connects the transverse sinus with the deep veins of the neck. 
5. A network of veins (rete foraminis ovalis) unites the cavernous sinus with 
the pterygoid plexus through the foramen ovale. 6. Two or three small veins 
run through the foramen lacerum and connect the cavernous sinus with the 
pterygoid plexus. 7. A vein traverses the foramen of Vesalius and connects 
the same parts. 8. An internal carotid plexus of veins accompanies the 
internal carotid artery through the carotid canal of the temporal bone and unites 
the cavernous sinus with the internal jugular vein. 9. A vein passes through 
the foramen caecum and comiects the veins of the nose with the superior 
sagittal sinus. 

Applied Anatomy . — These emissary veins are of importance in surgery. Inflamma- 
tory processes commencing on the outside of the skull may travel inwards through them, 
and lead to thrombosis of the sinuses. To this in former days was to be attributed one 
of the principal dangers of wounds of the scalp. 

By means of these emissary veins blood may be abstracted from the intracranial 
circulation — e.g. leeches applied behind the ear drain blood from the transverse sinus 
through the mastoid vein. Again, epistaxis in children may relieve severe headache, 
the blood which flows from the nose being partly derived from the superior sagittal sinus 
by means of the vein passing through the foramen caecum. 


THE VEINS OF THE UPPER EXTREMITY AND THORAX 

The veins of the upper extremity are divided into two sets, superficial and 
deep , which anastomose freely with each other. The superficial veins are placed 
beneath the skin, in the superficial fascia ; the deep veins accompany the 
arteries. Both sets are provided with valves, which are more numerous in 
the deep than in the superficial veins. 


The Superficial Veins of the Upper Extremity (figs. 738, 739) 

The superficial veins of the upper extremity are the cephalic, basilic, and 
median antibrachial veins, and their tributaries. 

The dorsal digital veins pass along the sides of the fingers and are joined 
to one another by oblique communicating branches. Those from the adjacent 
sides of the fingers unite to form three dorsal metacarpal veins (fig. 738), which 
end in a dorsal venous network opposite the middle of the metacarpus. The 
radial part of the network is joined by the dorsal digital vein from the radial 
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side of the index finger and by the dorsal digital veins of the thumb, and 
is prolonged upwards as the cephalic vein. The ulnar part of the network 
receives the dorsal digital vein of the ulnar side of the little finger and is 
continued upwards as the basilic vein. A communicating branch frequently 
connects the dorsal venous network with the cephalic vein about the middle 
of the forearm. 


Fig. 738. — The veins of the dorsum of the hand. (Bourgerv.) 



The proper volar digital veins are connected to the dorsal digital veins b\ 
oblique intercapitular veins which pass backwards between the heads ot the 
metacarpal bones. They also drain into a venous plexus which lies superficial 
to the palmar aponeurosis, and extends over the thenar and hypothenar 

eminences. He ^ (fig _ 739) begins i in the radial part of the ^sa! venoue 
network of the hand and winds upwards round the radial border of the forearm 
to its volar surface, receiving tributaries from both surfaces. Below the front 
of the elbow it gives off the median cubital vein (median basilic vein), which, 
receives a communicating branch from the deep veins of the forearm and 
passes medialwards to join the basilic vein. The cephalic vein then ascends in 
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Cephalic vein 


Basilic vein 


front of the elbow in the groove between the Brachioradialis and the Biceps 
braehii. It crosses superficial to the lateral antibrachial cutaneous nerve and 

runs upwards along the lateral 
Fig. 739. — The superficial veins of the right upper border of the Biceps braehii. 

extremity. ^ In the upper one-third of the 

arm it passes between the 
Pectoralis major and Deltoi- 
deus, where iff is accompanied 
by the deltoid branch of the 
thoraco- acromial artery. It 
pierces the coracoclavicular 
fascia, crosses the axillary 
artery, and ends in the 
axillary vein just below the 
clavicle. Sometimes it com- 
municates with the external 
jugular vein by a branch 
which ascends in front of the 
clavicle. 

In some cases the median 
cubital vein is large and 
carries all or most of the 
blood from the cephalic into 
the basilic vein, the result 
being that the proximal half 
of the cephalic vein is either 
absent or of small size. 

The accessory cephalic vein 
arises from a small tributary 
plexus on the back of the 
forearm or from the ulnar side 
of the dorsal venous network ; 
it joins the cephalic below 
the elbow. In some cases it 
springs from the cephalic vein 
above the wrist and joins it 
again higher up. A large 
oblique branch frequently 
connects the basilic and 
cephalic veins on the back of 
the forearm. 

The basilic vein (fig. 739) 
begins in the ulnar part of 
the dorsal venous network of 
the hand. It runs' up for 
some distance on the posterior 
surface of the ulnar side of 
the forearm but inclines for- 
ward to the anterior surface 
below the elbow. It is j oined 
by the median cubital vein 
and ascends obliquely in the 
groove between the Biceps 
braehii and Pronator teres /, 
filaments of the medial anti- 
brachial cutaneous nerve pass 
both in front of and behind 
this portion of the vein. It 
then runs upwards along 
the medial border of the 
Biceps braehii, perforates the deep fascia a little below the middle of the arm, 
and, ascending on the medial side of the brachial artery to the lower border 
of the Teres major, is continued onw r ards as the axillary vein. 
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tal vein 


Basilic vein 


Median anti- 
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The median antibrachial vein (fig. 739) drains the venous plexus on the 
volar surface of the hand. It ascends on the front of the forearm and ends in 
the basilic vein or the median cubital vein ; in a small proportion of cases it 
divides below the elbow into two branches, one of which joins the basilic vein, 
the other the cephalic vein. 

Applied Anatomy.. — Venesection is generally performed at the bend of the elbow, and 
as a matter of practice the largest vein in tins situation, the median cubital (median 
basilic), is commonly selected. 

Intravenous infusion of normal saline solution is frequently required in modem 
surgery for conditions of severe shock and after profuse haemorrhages, when suitable 
donors are not available for transfusion of bloGd. The patient’s arm is surrounded by a 
tight bandage so as to impede the venous return, and a small incision is made over the 
largest vein visible in front of the elbow; a double ligature is passed around the vein, 
and the lower ligature is tied; the vein is then opened and a cannula, connected with a 
funnel by tubing, is inserted. The bandage is next removed from the arm, and two, 
three, or more pints of hot saline solution are allowed to flow into the vein ; when a 
sufficient quantity has gone in, the upper ligature round the vein is tied and a stitch put 
in the skin wound. 


The Deep Veins oe the Upper Extremity 

The deep veins follow the course of the arteries, and form their venae 
comitantes. They are generally arranged in pairs, and are situated one on 
either side of the corresponding artery, and connected at intervals by short 
transverse branches. 

The deep veins of the hand. — The superficial and deep volar arterial arches 
are each accompanied by a pair of venae comitantes which constitute respec- 
tively the superficial and deep volar venous arches, and receive the veins corre- 
sponding to the branches of the arterial arches ; thus the common volar digital 
veins , formed by the union of the proper volar digital veins , open into the super- 
ficial, and the volar metacarpal veins into the deep, volar venous arches. The 
deep veins accompanying the dorsal metacarpal arteries receive perforating 
branches from the volar metacarpal veins, and end in the radial veins and in 
the dorsal venous network. 

The deep veins of the forearm are the vense comitantes of the radial 
and ulnar arteries and constitute respectively the upward continuations of the 
deep and superficial volar venous arches ; they unite in front of the elbow 
to form the brachial veins. The radial veins are smaller than the ulnar, and 
receive the deep veins of the dorsum of the hand. The ulnar veins receive 
tributaries from the ' deep volar venous arches and communicate with the 
superficial veins at the wrist ; near the elbow they receive the volar and dorsal 
interosseous veins and send a large communicating branch (profunda vein) to 
the median cubital vein. 

The brachial veins are placed one on either side of the brachial artery, 
and receive tributaries corresponding with the branches of that artery ; near 
the lower margin of the Subscapularis, they join the axillary vein ; the medial 
one frequently joins the basilic vein. 

These deep veins have numerous anastomoses, not only with each other, 
but also with the superficial veins. 

The axillary vein begins at the lower border of the Teres major, as the 
continuation of the basilic vein, increases in size as it ascends, and ends at 
the outer border of the first rib as the subclavian vein. Near the lower border 
of the Subscapularis it receives the brachial veins and, close to its termination, 
the cephalic vein ; its other tributaries correspond with the branches of the 
axillary artery. It lies on the medial side of the axillary artery, which it 
partly overlaps ; between the two vessels are the medial anterior thoracic nerve, 
the medial cord of the brachial plexus, the ulnar nerve and the medial anti- 
brachial cutaneous nerve. It is provided with a pair of valves opposite the 
lower border of the Subscapularis ; valves are also found at the ends of the 
cephalic and subscapular veins. 

Applied Anatomy . — Since the axillary vein is superficial to and larger than the 
axillary artery, which it overlaps, it is more liable to be wounded than the artery in the 
operation of extirpation of the axillary glands, especially as these glands, when diseased, 
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are apt to become adherent to it. To avoid wounding the vein, it is advisable to expose 
it as soon as possible ; no sharp cutting instruments should be used after the axillary 
cavity has been freely exposed, and no undue force employed in isolating the glands (p. 643). 

The subclavian vein (fig. 741), the continuation of the axillary vein, extends 
from the outer border of the first rib to the medial border of the Scalenus 
anterior, where it unites with the internal jugular vein to form the innominate 


Tig. 740, — Dissection of the lower part of the neck, and the upper part of 
the thorax. Anterior aspect. 
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vein. It is in relation, in front, with the clavicle and Subclavius ; behind and 
above, with the subclavian artery, from which it is separated by the Scalenus 
anterior and the phrenic nerve. Below, it rests in a depression on the first 
rib and upon the pleura. It is usually provided with a pair of valves, which 
are situated about 2 cm. from its termination. 

Its tributaries are the external jugular vein, sometimes the anterior jugular vein, 
and occasionally a small branch, which ascends in front of the clavicle, from the 
cephalic vein. 

^ At its angle of junction with the internal jugular vein, the left subclavian 
vein receives the thoracic duct, and the right subclavian vein the right lymphatic 
duct. 



THE VEINS OF THE THORAX 


729 


The Veins of the Thoeax (figs. 740, 741) 

The innominate veins are two large trunks, placed one on either side of 
the root of the neck, and formed by the union of the internal jugular and 
subclavian veins of the corresponding side ; they are devoid of valves. 

The right innominate vein (fig. 740), about 2 5 cm. long, begins behind the 
sternal end of the right clavicle, and, passing almost vertically downwards, 
joins the left innominate vein behind the cartilage of the first- rib, close to the 
right border of the sternum, to form the superior vena cava. It lies in front 
and to the right of the innominate artery and the right vagus nerve. The right 
pleura, phrenic nerve, and internal mammary artery are posterior to the upper 
part, and lateral to the lower part of the vein. 

Its tributaries are the right vertebral, the right internal mammary and the right 
inferior thyreoid veins, and sometimes the first right intercostal vein. 

The left innominate vein (fig. 740), about 6 cm. long, begins behind the 
sternal end of the left clavicle and runs obliquely downwards and to the right 
behind the upper half of the manubrium sterni to the sternal end of the first 
right costal cartilage, where it unites with the right innominate vein to form 
the superior vena cava. It is separated from the manubrium sterni by the 
Sternohyoideus and Sternothyreoideus, the thymus or its remains, and some 
loose areolar tissue. Behind it are the left pleura, the left internal mammary, 
subclavian and common carotid arteries, the left phrenic and vagus nerves, the 
trachea and the innominate artery. Below it, is the arch of the aorta. 

Its tributaries are the left vertebral, left internal mammary, left inferior thyreoid, 
and left superior intercostal veins, ■ sometimes the first left intercostal vein and 
occasionally some thymic and pericardial veins. 

Peculiarities. — Sometimes the innominate veins open separately into the right atrium ; 
in such cases the right vein takes the ordinary course of the superior vena cava ; the left 
vein — left superior vena cava , as it is then termed — which may communicate by a small 
branch with the right one, passes in front of the root of the left lung, and, turning to the 
back of the heart, ends in the right atrium. This occasional condition in the adult is due 
to the persistence of the early foetal condition (p. 127), and is the normal state of things 
in birds and some mammals. 

The left innominate vein sometimes projects above the level of the manubrium sterni, 
crossing the jugular notch, and lying in front of the trachea. 

The internal mammary veins (fig. 740) are venae comitantes to the lower half of 
the internal mammary artery, and receive tributaries corresponding to the branches 
of the artery. They unite to form a single trunk, which runs up on the medial 
side of the artery and ends in the corresponding innominate vein. The superior 
phrenic vein (i.e. the vein accompanying the pericardiacophrenic artery) usually 
opens into the internal mammary vein. 

The inferior thyreoid veins (figs. 730, 740), two or more in number, arise in the 
thyreoid gland in a venous network which communicates with the middle and superior 
thyreoid veins. They form a plexus in front of the trachea. From this plexus 
a left vein descends and joins the left innominate trunk, and a right vein passes 
obliquely downwards and to the right across the innominate artery to open into 
the right innominate vein, at its junction with the superior vena cava ; frequently 
the right and left veins open by a common trunk in the latter situation. These 
veins receive oesophageal, tracheal, and inferior laryngeal veins, and are provided 
with valves at their terminations. 

The left superior intercostal vein (fig. 741) receives the second and third (and 
sometimes the fourth) left intercostal veins ; it runs obliquely upwards and forwards 
on the left side of the aortic arch between the left phrenic and vagus nerves and 
opens into the left innominate vein. It usually receives the left bronchial veins, 
and sometimes the left superior phrenic vein ; it communicates below with the 
accessory hemiazygos vein. 

The superior vena cava (figs. 653, 654, 655, 657) drains the blood from the 
upper half of the body. It measures about 7 cm. in length, is formed by the 
junction of the two innominate veins, and is devoid of valves. It begins 
behind the cartilage of the right first rib close to the sternum, and, descend- 
ing vertically behind the first and second intercostal spaces, ends in the upper 
part of the right atrium opposite the third right costal cartilage ; the lower 
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half of the vessel is within the pericardium. In its course it describes a slight 
curve, the convexity of which is to the right side. 


Fig. 741. — The venae cavte and the azygos vein, with their tributaries. 
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Relations. — In front of the superior vena cava are the anterior margins of the 
right lung and pleura with the pericardium intervening below ; these separate it 
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from the first and second intercostal spaces, and from the second and third right 
costal cartilages \ behind it are the trachea above, and the root of the right lung 
below. On its right side are the right phrenic nerve and right pleura ; on its left 
side , the commencement of the innominate artery and the ascending aorta, the 
latter overlapping it. The portion contained within the pericardium is covered, 
in front and laterally, by the serous pericardium. 

Tributaries. — Before it pierces the pericardium, the superior vena cava receives 
the azygos vein and several small veins from the pericardium and other structures 
in the mediastinal cavity. 

The azygos vein (fig. 741) begins opposite the first or second lumbar 
vertebra as a branch of the right ascending lumbar vein (p. 741) ; sometimes 
as a branch of the right renal vein, or of the inferior vena cava. It enters 
the thorax through the aortic hiatus in the Diaphragm, and ascends through 
the posterior mediastinal cavity to the level of the fourth thoracic vertebra 
where it arches forward over the root of the right lung, and ends in the superior 
vena cava, just before that vessel pierces the pericardium. In the abdomen 
it is in front of the upper two lumbar vertebrae, behind the right crus of the. 
Diaphragm, and to the right of the cisterna chvli and the aorta. In the thorax it 
ascends in front of the bodies of the lower eight thoracic vertebrae, the anterior 
longitudinal ligament, and the right intercostal arteries. On its right side are 
the right lung and pleura ; on its left side, throughout the greater part of its 
course, are the thoracic duct and aorta, and higher up, where it arches forward 
above the root of the right lung, the oesophagus, trachea and right vagus. 

Tributaries. — It receives the right subcostal vein and the right posterior inter- 
costal veins, with the exception of the vein from the first intercostal space ; the 
veins from the second, third and fourth intercostal spaces open by a common stem 
called the right superior intercostal vein. It also receives the hemiazygos and 
accessory hemiazygos veins, several oesophageal, mediastinal, and pericardial 
veins, and, near its termination, the right bronchial veins. A few imperfect valves 
are found in the azygos vein ; but its tributaries are provided with complete valves. 

The hemiazygos vein (fig. 741) begins in the left ascending lumbar vein 
or in the left renal vein. It enters the thorax through the left crus of the 
Diaphragm, and, ascending on the left side of the vertebral column as high as the 
eighth thoracic vertebra, passes across the column, behind the aorta, oesophagus, 
and thoracic duct, to end in the azygos vein. It receives the lower three 
posterior intercostal veins and the subcostal vein of the left side, and some 
oesophageal and mediastinal veins. 

The accessory hemiazygos vein (fig. 694) descends on the left side of the 
vertebral column. It receives the veins from the fourth (or fifth) to the eighth 
intercostal spaces inclusive, and sometimes the left bronchial veins. It crosses 
the body of the seventh thoracic vertebra and joins the azygos vein. The 
accessory hemiazygos vein sometimes joins the hemiazygos vein, and the 
common trunk thus formed opens into the azygos vein. 

The intercostal veins (figs. 694, 741) are sometimes named the 'posterior intercostal 
veins to distinguish them from the small anterior intercostal veins which are tributaries 
of the musculophrenic and internal mammary veins. They run with the anterior 
rami of the intercostal arteries and are eleven in number on either side. As they 
approach the vertebral column each receives a tributary which accompanies the 
posterior ramus of an intercostal artery, and returns blood from the muscles and 
skin of the hack and from the vertebral venoms plexuses. 

On both sides of the thorax the first intercostal vein ascends in front of the neck 
of the first rib and ends in the corresponding innominate or vertebral vein. 

On the right side the second, third and fourth posterior intercostal veins unite 
to form the right superior intercostal vein , which joins the terminal part of the azygos 
vein. The veins from the intercostal spaces below the fourth open separately into 
the vena azygos. 

On the left side the second and third (and sometimes the fourth) posterior 
intercostal veins unite to form the left superior intercostal vein (p. 729).- The veins 
from the fourth (or fifth) to the eighth intercostal spaces inclusive end in the accessory 
hemiazygos vein, and the veins from the lower three spaces in the hemiazygos vein. 

Applied Anatomy . — In obstruction of the superior vena cava, the azygos and hemi- 
azygos veins are one of the principal means by which the venous circulation is carried on, 
connecting as they do the superior and inferior venae cavse, and communicating with the 
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the external iliac artery with the lateral femoral circumflex branch of the artcria profunda 
femoris and the superficial iliac circumflex branch of the femoral artery ; and (f>) the 
inferior glutseal branch of the hypogastric artery with the perforating branches of the 
arteria profunda femoris. 

Branches. — The branches of the femoral artery are : 

1. Superficial epigastric. 4. Deep external pudendal. 

2. Superficial iliac circumflex. 5. Muscular. 

3. Superficial external pudendal. 6. Profunda femoris. 

7. Highest genicular. 

1. The superficial epigastric artery (fig. 714) arises from the front of the femoral 
artery about 1 cm. below the inguinal ligament, and, piercing the femoral sheath 
and the fascia cribrosa, ascends in front of the inguinal ligament, and between the 
two layers of the superficial fascia of the abdominal wall nearly as far as the umbi- 
licus. It distributes branches to the superficial subinguinal lymph-glands, the 
superficial fascia, and the skin ; it anastomoses with branches of the inferior 
epigastric artery, and with its fellow of the opposite side. 

2. The superficial iliac circumflex artery (fig. 714), the smallest of the superficial 
branches of the femoral artery, arises close to the preceding vessel, and, piercing the 
fascia lata, runs lateralwards, parallel with the inguinal ligament, as far as the iliac 
crest ; it gives branches to the skin, superficial fascia, and superficial subinguinal 
lymph-glands, and anastomoses with the deep iliac circumflex, the superior glutreal 
and the lateral femoral circumflex arteries. 

3. The superficial external pudendal artery (fig. 714) arises from the medial side 
of the femoral artery, close to the preceding vessels, and, after piercing the femoral 
sheath and fascia cribrosa, courses medialwards, across the spermatic cord (or round 
ligament of the uterus in the female), to be distributed to the skin on the lower 
part of the abdomen, the penis and scrotum in the male, and the labium majus 
in the female, anastomosing with branches of the internal pudendal artery. 

4. The deep external pudendal artery (fig. 714) passes medialwards across the 
Pectineus and the Adductor longus ; it is covered by the fascia lata, which it pierces 
at the medial side of the thigh, and is distributed, in the male, to the skin of the 
scrotum and perinaeum, in the female to the labium majus ; its branches anastomose 
with the scrotal (or labial) branches of the perinseal artery. 

5. Muscular branches are supplied by the femoral artery to the Sartorius, Vastus 
medialis, and Adductores. 

6. The arteria profunda femoris (figs. 713, 716) is a large vessel arising 
from the lateral side of the femoral artery, about 3*5 cm. below the inguinal 
ligament. At first it lies lateral to the femoral artery ; and then runs behind 
it and the femoral vein to the medial side of the femur ; it is continued down- 
wards behind the Adductor longus, and ends at the lower one-third of the thigh 
in a small branch which pierces the Adductor magnus and anastomoses with 
the superior muscular branches of the popliteal artery. The terminal part 
of the profunda is sometimes named the fourth perforating artery. 

Relations. — Behind it, from above downwards, are the Iliacus, Pectineus, 
Adductor brevis, and Adductor magnus. In front, it is separated from the femoral 
artery by the femoral and profunda veins above, and by the Adductor longus 
below. Laterally , the origin of the Vastus medialis intervenes between it and the 
femur. 

Peculiar Hies. — This vessel sometimes arises from the medial side, more rarely from 
the back of the femoral artery. In most eases it arises between 2*25 cm. and 5 cm. 
below the inguinal ligament-: in a few cases the distance is less than 2*25 cm.; more 
rarely it arises opposite the ligament. Occasionally the distance between the origin of 
the vessel and the inguinal ligament exceeds 5 cm. 

The arteria profunda femoris gives off the following branches : 

Lateral femoral circumflex. Perforating. 

Medial femoral circumflex. Muscular. 

The lateral femoral circumflex artery (external circumflex artery) (fig. 716) arises 
from the lateral side of the profunda artery, passes lateralwards between the divisions 
of the femoral nerve and behind the Sartorius and Rectus femoris, and divides into 
ascending, transverse, and descending branches. 
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veins and is connected above with the occipital sinus, the basilar plexus, the 
■condyloid emissary vein, and the rete canalis hypoglossi. 

The basivertebral veins emerge from the foramina on the posterior surfaces 
of the vertebral bodies. They are contained in large, tortuous channels in the 
substance of the bones, similar in every respect to those found in the diploe of 
the cranial bones. They communicate through small openings on the front and 
sides of the bodies of the vertebrae with the anterior external vertebral ob-xuse?. 


and converge behind to form single (sometimes double) veins which open by vahvd 
orifices into the transverse branches uniting the anterior internal vertebral plexuses. 
The basivertebral veins become 

in advanced Fig. 743. — A median sagittal section through two 
thoracic vertebras, showing the vertebral venous 
plexuses. 


greatly enlarged 


■6 

age. 

The intervertebral veins 

.accompany the spinal nerves 
through the intervertebral fora- 
mina ; they receive the veins 
from the medulla spinalis, 
drain the internal and external 
vertebral plexuses and end in 
tbe vertebral, intercostal, lum- 
bar, and lateral sacral veins, 
their orifices being provided with 
valves. 

The veins of the medulla 
spinalis are situated in the pia 
mater and form a tortuous, 
venous plexus. In this plexus 
there are : (1) two median 

longitudinal veins, one in front of the anterior fissure, and the other behind the 
posterior sulcus of the medulla spinalis ; and (2) four lateral longitudinal veins 
which run behind the nerve-roots. They end in the internal vertebral venous 
plexuses. Near the base of the skull they unite to form two or three small trunks, 
which communicate with the vertebral veins, and end in the inferior cerebellar 
-veins, or in the inferior petrosal sinuses. 



THE VEINS OF THE LOWER EXTREMITY, ABDOMEN, 

AND PELVIS 

The veins of the lower extremity are subdivided, like those of the upper 
'extremity, into two sets, superficial and deep : the superficial veins are placed 
beneath the skin in the superficial fascia ; the deep veins accompany the 
■arteries. Both sets are provided with valves, which are more numerous in 
the deep than in the superficial set. Valves are more numerous in the veins of 
the lower than in those of the upper extremity. 


The Superficial Veins of the Lower Extremity 

The superficial veins of the lower extremity are the great and small 
saphenous veins and their tributaries. 

‘ The dorsal digital veins receive, in the clefts between the toes, the inter- 
. capitular veins from the plantar digital veins, and then join to form dorsal 
metatarsal veins , which unite across the distal ends of the metatarsal bones 
in a dorsal venous arch . Proximal to this arch is an irregular dorsal venous 
network which receives tributaries from the deep veins and is continuous with 
the venous network on the front of the leg. At the sides of the foot this 
network communicates with a medial and a lateral marginal vein> which are 
formed mainly by the union of veins from the superficial parts of the sole of 
the foot. 
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On the sole of the foot the superficial veins form a plantar cutaneous venous 
arch which extends across the roots of the toes and opens at the sides of the 


Pig. 


744. — The great saphenous vein 
and its tributaries. 



foot into the medial and lateral marginal 
veins. Proximal to this arch is a plantar 
cutaneous venous network which is especially 
dense in the fat beneath the heel ; this 
network communicates with the plantar 
cutaneous venous arch and with the deep 
veins, but is chiefly drained into the medial 
and lateral marginal veins. 

The great saphenous vein (figs. 744, 
745), the longest vein in the body, begins in 
the medial marginal vein of the foot, and 
ends in the femoral vein about 3 cm. below 
the inguinal ligament. It ascends in front 
of the tibial malleolus and along the medial 
side of the distal one-third of the tibia, and 
then behind the medial border of the tibia. 
It runs upwards behind the medial condyles 
of the tibia and femur and along the medial 
side of the thigh and, passing through the 
fossa ovalis, ends in the femoral vein. In 
the thigh it is accompanied by some branches 
of the medial femoral cutaneous nerve, at 
the knee by the saphenous branch of the 
highest genicular artery, and in the leg and 
foot by the saphenous nerve which is placed 
in front of the vein. The great saphenous 
vein is often duplicated, especially below the 
knee. The valves in it number from ten to 
twenty and are more numerous in the leg 
than in the thigh. 

Tributaries. — -At the ankle it receives veins 
from the sole of the foot through the medial 
marginal vein ; in the leg it communicates 
freely with the small saphenous vein and with 
the anterior and posterior tibial veins, and 
receives many cutaneous veins ; in the thigh 
it receives numerous tributaries ; those from 
the medial and posterior parts of the thigh 
frequently unite to form a large accessory 
saphenous vein which joins the main vein 
at a variable level. Near the fossa ovalis 
(fig. 744) it is joined by the superficial 
epigastric, superficial iliac circumflex, and 
superficial external pudendal veins. The 
superficial epigastric and superficial iliac cir- 
cumflex veins drain the lower part of the 
abdominal wall, the latter vein also receiving 
tributaries from the upper and lateral parts 
of the thigh ; the superficial external pudendal 
vein drains part of the scrotum and receives 
the superficial dorsal vein of the penis. 

A vein, named the thorn co- epigastric, runs 
along the anterolateral wall of the trunk,, 
connecting the superficial epigastric vein, or the 
femoral vein, with the lateral thoracic veins 
and establishing an important communication 


between the femoral and axillary veins. 

The small saphenous vein (fig. 746) begins behind the lateral malleolus as 
a continuation of the lateral marginal vein of the foot ; it first ascends on the 
lateral border of the tendo calcaneus, and then along the middle of the back 
of the leg. It perforates the deep fascia in the lower part of the popliteal 
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fossa,, and ends in the popliteal vein, between the heads of the Gastro- 
cnemius. It communicates with the deep veins on the dorsum of the foot, 
and receives numerous large tributaries from the back of the leg. Before 
it pierces the deep fascia, it gives off a branch which runs upwards and 
me dial wards to join the great saphenous vein ; this branch is sometimes 


Fig. 745.— The great saphenous vein and its tributaries at the fossa oval is. 



large, and may then form the direct continuation of the small saphenous 
vein. In the lower one-third of the leg the vein is in close relation with the 
sural nerve, in the upper two-thirds with the medial sural cutaneous nerve. 

The small saphenous vein possesses from nine to twelve valves, one of 
which is found near its termination in the popliteal vein. 

■Applied Anatomy . — A varicose condition is more frequently met with in the saphenous 
veins than in the other veins of the body, except perhaps the testicular and hemorrhoidal 
veins. The main cause of this is the high blood-pressure, determined chiefly by the erect 
position, and the length of the column of blood, which has to be propelled in an uphill 
direction. In normal vessels there is only just sufficient force to perform this task ; and # 
in those cases where there is diminished resistance of the walls of the veins, these vessels* 
are liable to dilate and a varicose condition is set up. This diminished resistance may be 
due to heredity, the vein- walls being congenitally weak, or may follow inflammatory 
conditions of the vessels. Increased blood-pressure in the veins, caused by any obstacle 
to the return of the venous blood, such as the pressure of a tumour, or the" gravid uterus, 
or tight gartering, may also produce varix. In the normal condition of the veins, the 
valves in their interior break up the column of blood into a number of smaller columns, 
and so to a considerable extent mitigate the ill effects of the erect position ; but when 
the dilatation of the veins has reached a certain limit, the valves become incapable of 
supporting the overlying column of blood, and the pressure is increased, tending to 
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emphasise also the varicose condition. Both the saphenous veins in the leg are accom- 
panied by nerves, the great saphenous being joined by its companion nerve just below 
the level of the knee-joint ; no doubt much of the pain of varicose veins in the legs 
is due to this fact. 

Operations for the relief of varicose veins are frequently required, portions of the 
veins being removed after having been ligatured above and below. It is important to 
note whether the main varicose area drains into the great or the small saphenous 
vein — the former condition being much the more common — and 

Fig. 746 The small to control the venous return by removing a small portion of the 

main trunk just before it opens into the deep vein by passing 
through the deep fascia ; thus in most cases a piece should be 
removed from the great saphenous before it passes through the 
fossa ovalis (saphenous opening), leaving sufficient of the vein to 
form a surface for the attachment of the base of a clot ; in 
addition the affected veins should be excised just above and below 
the level of the knee-joint. In other cases the small saphenous 
will have to be dealt with immediately below the point where it 
pierces the fascial roof of the popliteal fossa. 


The Deep Veihs oe the Lower Extremity 

The deep veins of the lower extremity accompany the 
arteries and their branches ; they possess numerous valves. 

The plantar digital veins arise from plexuses on the 
plantar surfaces of the digits, and, after sending inter- 
capitular veins to join the dorsal digital veins, unite to 
form four plantar metatarsal veins ; these run backwards 
in the metatarsal spaces, communicate, by means of per- 
forating veins, with the veins on the dorsum of the foot, 
and unite to form the deep plantar venous arch which lies 
alongside the plantar arterial arch. From the deep 
plantar venous arch the medial and lateral plantar veins 
run backwards close to the corresponding arteries and, 
after communicating with the great and small saphenous 
veins, unite behind the medial malleolus to form the 
posterior tibial veins. 

The posterior tibial veins accompany the posterior 
tibial artery, and are joined by the peronceal veins . 

The anterior tibial veins are the upward continua- 
tions of the vense comitantes of the dorsalis pedis artery. 
They leave the front of the leg by passing between the 
tibia and fibula, through the upper part of the crural 
interosseous membrane, and unite with the posterior 
tibial veins to form the popliteal vein. 

The popliteal vein, formed by the junction of the 
anterior and posterior tibial veins at the lower border of 
the Popliteus, ascends through the popliteal fossa to the 
aperture in the Adductor magnus, where it becomes the 
femoral vein. In the lower part of its course it is medial to the popliteal 
artery; between the heads of the Gastrocnemius it is superficial to it; above 
the knee-joint, it is posterolateral to it. Its tributaries are the small saphenous 
vein and the veins corresponding to the branches of the popliteal artery. 
There are usually four valves in the popliteal vein. 

The femoral vein accompanies the femoral artery, beginning at the open- 
ing in the Adductor magnus, as a continuation of the popliteal vein, and ending 
*at the level of the inguinal ligament, by becoming the external iliac vein. In 
the lower part of the adductor canal it is posterolateral to the femoral 
artery ; in the upper part of the canal, and in the lower part of the femoral 
triangle, it is behind the artery. At the base of the femoral triangle it is 
medial to the artery (figs. 710, 711) ; here it occupies the middle compart- 
ment of the femoral sheath, and is placed between the femoral artery and 
the femoral canal. It receives numerous muscular tributaries, and about 
4 cm. below the inguinal ligament is joined by the vena profunda femoris, 
and a little higher by the great saphenous vein. It contains three valves. 
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The vena profunda femor is lies superficial to the arteria profunda femoris artery ; 
it receives tributaries corresponding to the muscular and perforating branches of 
that artery, and through these establishes communications with the popliteal 
vein below and the inferior glutreal vein above. It also receives the medial and 
lateral femoral circumflex veins. 


The Veins oe the Abdomen and Pelvis (fig. 747) 

The external iliac vein, the upward continuation of the femoral vein, 
begins behind the inguinal ligament, and ascends along the brim of the lesser 
pelvis, to a point opposite the sacro-iliac articulation, where it unites with 
the hypogastric vein to form the common iliac vein. On the right side, it lies 
at first medial to the artery ; but, as it passes upwards, gradually inclines 
behind it. On the left side, it lies altogether on the medial side of the artery. 
It frequently contains one, sometimes two, valves. 

Tributaries. — It receives the inferior epigastric, deep iliac circumflex, and 
pubic veins. 

The inferior epigastric vein is formed by the union of the vense comitantes of 
the inferior epigastric artery, which communicate above with the superior epigastric 
vein ; it joins the external iliac vein about 1 cm. above the inguinal ligament. 

The deep iliac circumflex vein is formed by the union of the venae comitantes 
of the deep iliac circumflex artery, and joins the external iliac vein about 2 cm. 
above the inguinal ligament. 

The pubic vein communicates with the obturator vein in the obturator foramen, 
ascends on the pelvic surface of the os pubis alongside the pubic branch of the 
inferior epigastric artery and ends in the external iliac vein. 

The hypogastric or internal iliac vein begins near the upper part of 
the greater sciatic foramen, ascends behind and slightly medial to the hypo- 
gastric artery, and, at the brim of the pelvis, joins with the external iliac vein 
to form the common iliac vein. 

Tributaries. — With the exception of the foetal umbilical vein, which passes 
upwards and backwards from the umbilicus to the liver, and the iliolumbar vein, 
which usually joins the common iliac vein, the tributaries of the hypogastric vein 
correspond with the branches of the hypogastric artery. It receives (a) the glutseal, 
internal pudendal, and obturator veins, which have their origins outside the pelvis ; 
{ b ) the lateral sacral veins, which lie in front of the sacrum ; and (c) the middle 
hsemorrhoidal, the vesical, uterine, and vaginal veins, which originate in venous 
plexuses connected with the pelvic viscera. 

1. The superior glutseal veins (glutseal veins) are the venae comitantes of the 
superior glutseal artery ; they receive tributaries from the buttock corresponding 
with the branches of the artery, enter the pelvis through the greater sciatic foramen, 
above the Piriformis, and end in the hypogastric vein ; they frequently unite to 
form a single trunk before ending in this vein. 

2. The inferior glutseal veins (sciatic veins) are the vense comitantes of the inferior 
glutseal artery ; they begin on the upper part of the back of the thigh, where they 
anastomose with the medial femoral circumflex and first perforating veins ; they 
enter the pelvis through the lower part of the greater sciatic foramen and join to 
form a stem which opens into the lower part of the hypogastric vein. 

3. The internal pudendal veins (internal pudic veins) are the vense comitantes 
of the internal pudendal artery. They begin in the pudendal plexus, accompany 
the internal pudendal artery, and unite to form a single vessel, which ends in the 
hypogastric vein. They receive the veins from the urethral bulb, and the perimeal 
and inferior haemorrhoidal veins. The deep dorsal vein of the penis and the dorsal 
vein of the clitoris communicate with the internal pudendal veins, but end mainly 
in the pudendal plexus. 

4. The obturator vein begins in the upper portion of the adductor region of 
the thigh, and enters the pelvis through the upper part of the obturator foramen. 
It runs backwards and upwards on the lateral wall of the pelvis below the obtnrator 
artery and lateral to the peritoneum; it passes between the ureter and the 
hypogastric artery, and ends in the hypogastric vein. Sometimes it is replaced 
by an enlarged pubic vein which joins the external iliac vein. 

5. The lateral sacral veins accompany the lateral sacral arteries and end in the 
hypogastric vein. 

G. A. ' 2A 
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6. The middle heemorrhoidal vein varies in size ; it begins in the hemorrhoidal 
plexus and receives tributaries from the bladder, prostate, and seminal vesicle ; 
it runs lateralwards on the pelvic surface of the Levator ani and ends in the 
hypogastric vein. 

The haemorrhoidal plexus surrounds the rectum, and communicates in 
front with the vesical plexus in the male, and the uterovaginal plexus in the 


Fig. 747. — The veins of the right half of the male pelvis. (Spalteholz.) 
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female. It consists of two parts, an internal in the submucosa, and an external 
outside the muscular coat of the rectum. The internal plexus presents a series 
of dilated pouches which are arranged in a circle around the tube, immediately 
above the anal orifice, and are connected by transverse branches ; it drains 
mainly into the superior haemorrhoidal vein. The lower part of the external 
plexus is drained by the inferior haemorrhoidal veins into the internal pudendal 
vein ; the middle part by the middle haemorrhoidal vein into the hypogastric 
vein ; and the upper part by the superior haemorrhoidal vein which forms the 
commencement of the inferior mesenteric vein, a tributary of the portal vein. 
A free communication between the portal and systemic venous systems is estab- 
lished through the haemorrhoidal plexus. 

The pudendal plexus lies behind the arcuate pubic ligament and the 
lower part of the symphysis pubis, and in front of the bladder and prostate. 
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Its chief tributary is the deep dorsal vein of the penis, but it also receives 
branches from the front of the bladder and prostate. It communicates with 
the vesical plexus and with the internal pudendal vein, and drains into the 
vesical and hypogastric veins. The prostatic veins form a well-marked prostatic 
plexus which lies partly in the fascial sheath of the prostate and partly between 
the sheath and the prostatic capsule ; it communicates with the pudendal 
and vesical plexuses. 

The vesical plexus envelops the lower part of the bladder and, in the male, 
the base of the prostate. It communicates with the pudendal plexus and in 
the male with the prostatic plexus, and in the female with the vaginal plexus. 
It is drained, by means of several vesical veins, into the hypogastric veins. 

Applied Anatomy . — The veins of the hemorrhoidal plexus are apt to become dilated 
and varicose, and form piles. This is due to several anatomical reasons : the vessels are 
contained in very loose connective tissue, so that they get less support from surrounding 
structures than most other veins, and are less capable of resisting increased blood- 
pressure ; the condition is favoured by the fact that the superior hemorrhoidal and portal 
veins have no valves ; the veins pass through muscular tissue and are liable to be com- 
pressed by its contraction, especially during the act of defecation; they are affected by 
every form of portal obstruction. 

The prostatic plexus of veins is apt to become congested in inflammatory conditions 
in the neighbourhood such as acute gonorrhoeal prostatitis. It is owing to the free 
communication which exists between this and the middle hcemorrhoidal plexus that great 
relief can be given by free saline purgation. Haemorrhage may be very free from the 
prostatic plexus after operations on that gland, but can usually be checked by hot fluid 
irrigation. 

The dorsal veins of the penis are two in number, a superficial and a deep. The 
superficial dorsal vein drains the prepuce and skin of the penis, and, running back- 
wards in the subcutaneous tissue, inclines to the right or left, and opens into the 
corresponding superficial external pudendal vein, a tributary of the great saphenous 
vein. The deep dorsal vein lies within the fibrous envelope of the penis ; it receives 
blood from the glans penis and corpora cavernosa penis, and courses backwards 
in the middle line between the dorsal arteries ; near the root of the penis it passes 
between the two parts of the suspensory ligament and then through an aperture 
between the arcuate pubic ligament and the transverse ligament of the pelvis, and 
divides into two branches, which enter the pudendal plexus. It also communicates 
below the symphysis pubis with the internal pudendal vein. The dorsal vein of the 
clitoris , after a similar course to that of the deep dorsal vein of the penis, ends in 
the pudendal plexus. 

The uterine plexuses he along the sides and superior angles of the uterus 
between the two layers of the broad ligament, and communicate with, the ovarian 
and vaginal plexuses. They are drained by a pair of uterine veins on either 
side ; these arise from the lower parts of the plexuses, opposite the external 
orifice of the uterus, and open into the corresponding hypogastric vein. 

The vaginal plexuses are placed at the sides of the vagina ; they com- 
municate with the uterine, vesical, and haemprrhoidal plexuses, and are drained 
by the vaginal veins, one on either side, into the hypogastric veins. 

The common iliac veins (fig. 747) are formed by the union of the external 
iliac and hypogastric veins, in front of the sacro-iliac articulation ; passing 
obliquely upwards they end on the right side of the fifth lumbar vertebra by 
uniting with each other at an acute angle to form the inferior vena cava. The 
right common iliac vein , shorter than the left, is nearly vertical in its direction, 
and ascends behind, and then lateral to its artery. The left common iliac vein , 
longer and more oblique than the right, is at first situated on the medial side 
of its artery, and then behind the right common iliac artery. Each common 
iliac vein receives the iliolumbar, and sometimes the lateral sacral veins ; the 
left vein receives the middle sacral vein. There are no valves in these veins. 

The middle sacral veins accompany the corresponding artery along the front of 
the sacrum, and join to form a single vein, which usually ends in the left common 
iliac vein, but sometimes in the angle of junction of the two common iliac veins. 

Peculiarities. — The left common .iliac vein, instead of joining with the right . in its 
usual position, occasionally ascends on the left side of the aorta as high as the kidney, 
where, after receiving the left renal vein, it crosses the aorta, and joins the right vein 
to form the vena cava. 
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The inferior vena cava (figs. 695, 741) conveys the blood from the parts 
below the Diaphragm to the -right atrium of the heart. It is formed by the 
junction of the two common iliac veins, in front of the body of the fifth lumbar 
vertebra, a little to the right of the middle fine. It ascends in front of the 
vertebral column, on the right side of the aorta, and, having reached the liver, 
is contained in a deep groove on its posterior surface — a groove which is occa- 
sionally converted into a tunnel by a band of liver substance. It then per- 
forates the Diaphragm between the median and right portions of its central 
tendon ; it subsequently inclines forwards and mediahvards for about 2 cm., 
and, piercing the fibrous pericardium, passes behind the serous pericardium to 
open into the lower and posterior part of the right atrium. In front and to 
the left of its atrial orifice is a semilunar valve, termed the valve of the inferior 
vena cava (Eustachian valve) ; this valve is rudimentary in the adult, but is 
of large size and exercises an important function in the foetus (p. 594). The 
trunk of the inferior vena cava is devoid of valves. 

Relations. — The abdominal 'portion of the inferior vena cava is in relation in 
front with the right common iliac artery, the lower part of the mesentery and its 
vessels, the right testicular artery, the inferior part of the duodenum, the head of 
the pancreas, the portal vein, the superior portion of the duodenum, the epiploic 
foramen, and the posterior surface of the liver ; behind , with the bodies of the lower 
lumbar vertebrae and the anterior longitudinal ligament, the right Psoas major, 
the right crus of the Diaphragm, the right inferior phrenic, suprarenal, renal and 
lumbar arteries, right sympathetic trunk and right cceliac ganglion, and the medial 
part of the right suprarenal gland ; on the right side , with the right kidney and 
ureter ; on the left side, with the aorta, right crus of the Diaphragm, and the caudate 
lobe of the liver. 

The thoracic portion is only about 2 cm. in length, and is situated partly inside 
and partly outside the pericardial sac. The extrapericardial part is separated from 
the right pleura and lung by a fibrous band, named the right phrenicopericardiac 
ligament. This ligament, often feebly marked, is attached below to the margin of 
the vena-caval opening in the Diaphragm and above to the pericardium in front 
of the root of the right lung. The intrapericardiac part is very short and is covered 
on the front and sides by the serous layer of the pericardium. 

Peculiarities. — This vessel is sometimes placed on the left side of the aorta, as high as 
the left renal vein, and, after receiving this vein, crosses over to its usual position on 
the right side; or it may be phuxd allege:. her on the left side of the aorta, and in such 
a case the abdominal and the ihovaeie viscera, together with the great vessels, are all 
transposed. Occasionally it joins the azygos vein, which is then of large size. In such 
cases, the superior vena cava receives the whole of the blood from the body, except that 
from the hepatic veins, which passes directly into the right atrium. 

Applied Anatomy. — Thrombosis of the inferior vena cava is due to much the same 
causes as that of the superior (p. 732). It usually causes cedema of the legs and back, 
without ascites; if the renal veins are involved, blood and albumin will often appear in 
the urine. An extensive collateral venous circulation is soon established by enlargement 
either of the superficial or of the deep veins, or of both. In the first case the epigastric, 
the iliac circumflex, the lateral thoracic, the internal mammary, the intercostals, the 
external pudendal, and the lumbovertebral anastomotic veins of Braune effect the 
coruruuriieiiiion v.;- : i the superior cava; in the second, the deep anastomosis is made 
by the azygos and hemiazygos and the lumbar veins. * 

Tributaries. — In addition to the two common iliac veins the inferior vena 
cava receives the following veins : 

Lumbar. Eenal. Right inferior phrenic. 

Right testicular or ovarian. Right suprarenal. Hepatic. 

The lumbar veins, four in number on either side, collect the blood by dorsal 
tributaries from the muscles and skin of the loins, and by abdominal tributaries 
from the walls of the abdomen, where they communicate with the epigastric 
veins. At the vertebral column, they receive veins from the vertebral plexuses, 
and then pass forwards on the sides of the bodies of the vertebrse, beneath 
the Psoas major, and end in the posterior part of the inferior vena cava. The 
left lumbar veins are longer than the right, and run behind the aorta. The 
lumbar veins are connected together by a longitudinal vein which passes in 

'* G. Blumer, in Osier and McCrae’s System of Medicine , London, 1908, vol. iv. 
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superficial or deep to the vein. The deep cervical glands lie along the course of 
the vein, mainly on its superficial aspect. At the root of the neck the right infernal, 
jugular vein is placed at a little distance from the common carotid artery, and 
crosses the first part of the subclavian artery, while the left internal jugular vein 
usually overlaps the common carotid artery. 

Tributaries. — The internal jugular vein receives the inferior petrosal sinus, the 
common facial, lingual, pharyngeal, superior and middle thyreoid veins, and some- 
times the occipital vein. The 


Fig. 730. — The veins of the thyreoid gland. 


thoracic duct opens into the 
angle of union of the left sub- 



clavian and internal jugular 
veins, and the right lymphatic 
duct into the angle of union 
of the right subclavian and 
internal jugular veins. 

Tbe inferior petrosal sinus 
leaves the skull through the 
anterior part of the jugular 
foramen, and joins the superior 
bulb of the internal jugular 
vein. 

The lingual veins begin on 
the dorsum, sides, and under 
surface of the tongue, and, 
passing backwards along the 
course of the lingual artery, 
end in the internal jugular vein. 
The vena eomitans bypoglossi 
(ranine vein), a branch of con- 
siderable size, begins below 
the tip of the tongue, and 
may join the lingual veins ; 
generally, how r ever, it passes 
backwards superficial to the 
Hyoglossus, and opens into 
the common facial vein. 

The pharyngeal veins begin 
in the ‘pharyngeal plexus on the 


outer surface of the pharynx, 


and, after receiving some 
posterior meningeal veins and the vein of the pterygoid canal, end in the internal 
jugular vein. They occasionally open into the facial, the lingual, or the superior 
thyreoid vein. b * 


The superior thyreoid vein (fig. 730) begins in the substance and on the surface 
of the thyreoid gland, by tributaries corresponding with the branches of the superior 
thyreoid artery. It accompanies this artery, receives the superior laryngeal and 
cricothyreoid veins, and ends in the internal jugular vein. 

The middle thyreoid vein (fig. 730) collects the blood from the lower part- of the 
thyreoid gland, receives some veins from the larynx and trachea, and ends in the 
lower part of the internal jugular vein. 

The inferior thyreoid veins are described on p, 729. 

The common facial and occipital veins have been described (pp. 710, 712). 


Applied Anatomy. — The internal jugular vein requires ligature in cases of septic 
thrombosis of the transverse sinus, secondary to suppurative otitis media, in order to 
prevent septic emboli being carried into the general circulation. This operation has been 
performed in many cases, with the most satisfactory results. The cases are generally 
those of chronic disease of the middle ear, with discharge of pus which perhaps has 
existed for many years. Such cases are always extremely grave, for there is a danger 
of portions of the thrombus or clot being detached and causing septic embolism in the 
lungs. If the condition be suspected, the diseased bone should be removed at once from 
the mastoid process. The sinus is then investigated, and if it be found thrombosed, the 
surgeon should proceed to ligature the internal jugular vein, through an incision along 
the anterior border of the Sternocleidomastoideus, the centre of the incision being on a 
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lies in the groove on the posterior surface of the liver. The hepatic veins 
are arranged in two groups, upper and lower. The upper group usually consists 
of three large veins, right, left and middle, the last emerging from the caudate 
lobe ; those of the lower group vary in number : they are of small size and 
come from the right and caudate lobes. The hepatic veins are in direct contact 
with the hepatic tissue and are destitute of valves. 


The Portal System or Veins (fig. 74S) 

The portal system includes all the veins which drain the blood from the 
abdominal part of the digestive tube (with the exception of the lower part 
of the rectum) and from the spleen, pancreas, and gall-bladder. From these 
viscera the blood is conveyed to the liver by the portal vein. In the liver this 
vein ramifies like an arterj^ and ends in capillary- like vessels termed sinusoids, 
from which the blood is conveyed to the inferior vena cava by the hepatic 
veins. The blood of the portal system therefore passes through two sets of 
minute vessels, viz. (a) the capillaries of the digestive tube, spleen, pancreas, 
and gall bladder ; and ( b ) the sinusoids of the liver. In the adult the portal 
vein and its tributaries are destitute of valves ; in the foetus and for a short 
time after birth valves can be demonstrated in the tributaries of the portal 
vein ; as a rule they atrophy and disappear, but sometimes persist in a 
degenerate form. 

The portal vein is about 8 cm. long, and is formed at the level of the 
second lumbar vertebra by the junction of the superior mesenteric and lienal 
(splenic) veins, the union of these veins taking place in front of the inferior 
vena cava and behind the neck of the pancreas. It passes upwards behind 
the superior part of the duodenum, and then ascends in the right border of the 
lesser omentum to the right extremity of the porta hepatis (transverse fissure 
of the liver), where it divides into a right and a left branch, which accompany 
the corresponding branches of the hepatic artery into the substance of the 
liver. In the lesser omentum it is placed behind and between the bile-duct 
and the hepatic artery, the former lying to the right of the latter ; it is sur- 
rounded by the hepatic plexus of nerves, and is accompanied by numerous 
lymphatic vessels and some lymph-glands. The right bra?ich of the portal 
vein enters the right lobe of the liver, but before doing so generally receives 
the cystic vein. The left branch , longer but of smaller calibre than the right, 
gives branches to the caudate and quadrate lobes, crosses the left sagittal fossa 
(longitudinal fissure), and then enters the left lobe of the liver. As it crosses 
the left sagittal fossa it is joined in front by the para -umbilical veins (p. 744) 
and by a fibrous cord, the ligamentum teres or obliterated umbilical vein , and 
is united behind to the inferior vena cava by a second fibrous cord, the liga- 
mentum venosum or obliterated ductus venosus. 

The tributaries of the portal vein are : 

1. Lienal (Splenic). 4. Right gastric. 

2. Superior mesenteric. o. Cystic. 

3. Coronary. 6. Para-umbilical. 

1. The lienal or splenic vein (fig. 748) is of large size, but is not tortuous 

like the artery ; it commences by five or six branches which return the blood 
from the spleen. These unite to form a single vessel, which passes from left to 
right, grooving the upper part of the posterior surface of the pancreas, below 
the lienal artery, and ends behind the neck of the pancreas by uniting at a 
right angle with the superior mesenteric vein, to form the portal vein. 

Tributaries. — It receives the short gastric veins, the left gastro-epiploic vein, 
the pancreatic veins, and the inferior mesenteric vein. 

(a) The short gastric veins, four or five in number, drain the fundus and left 
part of the greater curvature of the stomach, and pass between the two layers of 
the gastrolienal ligament to end in the lienal vein or in one of its large tributaries. 

(b) The left gastro-epiploic vein receives branches from the surfaces of the 
stomach and from the greater omentum ; it runs from right to left along the greater 
•curvature of the stomach and ends in the commencement of the lienal vein. 

(c) The pancreatic veins are several small vessels which drain the body and 
tail of the pancreas. 
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(d) Th,e inferior mesenteric vein returns blood from the rectum, and from the 
sigmoid and descending parts of the colon. It begins in the rectum as the superior 
JhcemorrJioidal vein , which has its origin in the hemorrhoidal plexus (p. 738), and 
through this plexus communicates with the middle and inferior hemorrhoidal 
veins. The superior hemorrhoidal vein leaves the lesser pelvis, crosses the left 
common iliac vessels with the superior hemorrhoidal artery, and is continued 


Fig. 748. — The portal vein and its tributaries. 



upwards as the inferior mesenteric vein. This vein lies to the left of its artery 
and ascends behind the peritoneum and in front of the left Psoas major ; it then 
passes behind the body of the pancreas and opens into the lienal vein ; sometimes 
it ends in the angle of union of the lienal and superior mesenteric veins. 

If a superior duodenal fossa be present the inferior mesenteric vein frequently 

lies between the layers of the fold of peritoneum (superior duodenal fold) which 

forms the anterior wall of the fossa. 

• • 

Tributaries. — The inferior mesenteric vein receives the sigmoid veins from the sigmoid 
colon, and the left colic vein from the descending colon and left colic flexure. 

2. The superior mesenteric vein (fig. 748) returns the blood from the 
small intestine, from the caecum, ~and from the ascending and transverse portions 
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of the colon. It begins in the right, iliac fossa by the union of the veins which 
drain the terminal part of the ileum, the caecum and vermiform process. It 
ascends between the two layers of the mesentery on the right side of the superior 
mesenteric artery, and in its upward course passes in front of the right ureter, 
the inferior vena cava, the horizontal part of the duodenum, and the processus 
uncinatus of the head of the pancreas. Behind the neck of the pancreas it 
unites with the lienal vein to form the porta.l vein. 

Tributaries. — The superior mesenteric vein receives the veins which correspond 
with the branches of the superior mesenteric artery, viz. the jejunal, ileal, ileocolic, 
right colic, and middle colic veins ; it is also joined by the right gastro-epiploic and 
the pancreaticoduodenal veins. 

The right gastro-epiploic vein receives branches from the greater omentum and 
from the lower part of the stomach ; it runs from left to right along the greater 
curvature of the stomach, between the twm layers of the greater omentum. 

The pancreaticoduodenal veins accompany their corresponding arteries ; the 
lower one frequently joins the right gastro-epiploic vein. 

3. The coronary vein derives tributaries from both surfaces of the stomach ; 
it runs from right to left along the lesser curvature of the stomach between 
the two layers of the lesser omentum, to the oesophageal opening of the stomach, 
where it receives some oesophageal veins. It then turns backwards and passes 
from left to right behind the omental bursa, and ends in the portal vein. 

4. The right gastric vein (pyloric vein), of small size, runs from left to 
right along the pyloric portion of the lesser curvature of the stomach between 
the two layers of the lesser omentum, and ends in the portal vein. 

5. The cystic vein drains the blood from the gall-bladder ; it accompanies 
the cystic duct, and usually ends in the right branch of the portal vein. 

6. Para-umbilical veins. — In the course of the ligamentum teres of the 
liver and of the middle umbilical ligament, small veins (para-umbilical) are 
found, which establish an anastomosis between the veins of the anterior 
abdominal wall and the portal, hypogastric, and iliac veins. The best marked 
of these small veins is one which begins at the umbilicus and runs backwards 
and upwards in, or on the surface of, the ligamentum teres between the layers 
of the falciform ligament, to end in the left branch of the portal vein. 

Applied Anatomy. — Obstruction to the portal vein may produce ascites, and this may 
arise from many causes, e.g. (1) the pressure of a tumour on the portal vein, such as 
cancer or hydatid cyst in the liver, enlarged lymph-glands in the lesser omentum, or 
cancer of the head of the pancreas; (2) from cirrhosis of -the liver, when the radicles of 
the portal vein are pressed upon by the contracting fibrous tissue in the portal canals ; 
(3) from valvular disease of the heart, and back pressure on the hepatic veins, and so on 
the whole of the circulation through the liver. In this condition the prognosis as regards 
life and freedom from ascites may be much improved by the establishment of a good 
collateral circulation between the portal and systemic veins. This is effected by com- 
munications between (a) the gastric veins, and the oesophageal veins which often project 
as a varicose bunch into the stomach, emptying themselves into the hemiazygos vein; 
( b ) the veins of the colon and duodenum, and the left renal vein ; (c) the accessory portal 
system of Sappey, branches of which pass in the round and falciform ligaments (particu- 
larly the latter) to unite with the epigastric and internal mammary veins, and through the 
diaphragmatic veins with the azygos ; a single large vein, shown to be a para-umbilical 
vein, may pass from the hilum of the liver by the round ligament to the umbilicus, 
producing there a bunch of prominent varicose veins known as the caput Medusce ; 
(d) the veins of Retzius, which connect the intestinal veins with the inferior vena cava 
and its retroperitoneal branches; ( e ) the superior, middle and inferior hemorrhoidal ; 
(/) very rarely the ductus venosus remains patent, affording a direct connexion between 
the portal vein and the inferior vena cava. 

An operation for the relief of portal obstruction by increasing the number of venous 
communications has been advocated by Rutherford Morison and by Talma. It consists 
in roughening the opposed surfaces of the liver and Diaphragm and stitching them together, 
so as to secure vascular inflammatory adhesions between the two. The greater omentum 
may with advantage be interposed between them, so as to increase the amount of the 
adhesions. 

Thrombosis of the portal vein is a very serious event, and is often est due to patho- 
logical processes causing compression of the vessel or injury to its wall, such as tumours 
or inflammation about the pylorus or head of the pancreas, or to gall-stones, or cirrhosis 
of the liver. 

Thrombosis of the mesenteric veins produces very acute symptoms, similar to those 
of embolism of the mesenteric arteries (p. 673). 
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Infective emboli lodging in the portal venules give rise to a condition known as septic 
or suppurative pylephlebitis or, more shortly, portal r, ?/,?;??;•:. They occur most often in 
one of the ileocolic radicles, and are due to append ier-i*, hut- ;ko infection may arise from 
anywhere in the portal system (e.g. the superior hemorrhoidal radicles). Fragments of 
the infected clot break off from the original thrombus and lodge in the smaller v-m- ike 
liver, causing the development of multiple abscesses in its substance, and a rapidly fatal 
result. A similar path of infection is taken by the entamoeba histolytica of dysentery, 
when it passes into the liver and produces tropical abscess. 


THE LYMPHATIC SYSTEM 

The lymphatic system includes the lymphatic vessels and lymph-glands. 
The lymphatic vessels form a closed system of vessels and contain a trans- 
parent fluid called lymjph (p. 29). 
receive the special designation of 
no respect from the lymphatic 
vessels generally, excepting that 
during the process of absorption 
of a fatty meal they contain a 
milk-white fluid, the chyle. In 
most of the tissues of the body 
there are minute spaces which 
contain a fluid resembling lymph, 
and formed by transudation from 
the blood-capillaries, but these 
spaces in the tissues are not 
continuous with the lymphatic 
vessels. “ The lymphatics are 
concerned with the absorption of 
solids, and of material insoluble 
in water ; the blood capillaries, 
on the other hand, are mainly 
associated with the absorption 
of material which is soluble in 
water. 5 ’ * 

The lymphatic vessels are exceedingly delicate, and their coats so trans- 
parent that the fluid they contain is readily seen through them. They are 
constricted at intervals and so present a knotted or headed appearance ; these 
constrictions correspond to the attachments of valves in the interior of the 
vessels. The lymphatic vessels unite with one another, and ultimately form 
two main channels, the thoracic duct and the right lymphatic duct which open 
into veins at the root of the neck. Lymphatic vessels have been found in nearly 
every texture and organ of the body which contains blood-vessels ; they are 
absent from the central nervous system, and from non- vascular structures such 
as cartilage, nails, cuticle, and hair. “ In an organ like the liver they are 
confined to the connective tissue of the capsule and of the portal spaces.” 

The structure of the lymphatic vessels. — The larger lymphatic vessels are each 
composed of three coats. The internal coat is thin, transparent, slightly elastic, and 
consists of a layer of elongated endothelial cells supported on an elastic membrane ; 
the cells have wavy margins by which the contiguous cells are dovetailed into one 
another. The middle coat is composed of smooth muscular, and fine elastic fibres, 
disposed in a transverse direction. The external coat consists of connective tissue, 
intermixed with smooth muscular fibres longitudinally ox obliquely disposed ; . it 
forms a protective covering to the other coats, and serves to connect the vessel with 
the neighbouring structures. In the smaller vessels there are no muscular or elastic 
fibres, and the wall consists only of a connective tissue coat lined by endothelium 
(fig. 749). The thoracic duct has a more complex structure than the other lym- 
phatic vessels ; it presents a distinct sub endothelial layer, similar to that found in 
the arteries ; in the middle coat there is, in addition to the muscular and elastic 
fibres, a layer of connective tissue with its fibres arranged longitudinally. The 

* P. T. Herring and F. G. Maenaughton, The Lancet, June 3rd, 1922. 

*2 a 2 


The lymphatic vessels of the small intestine 
lacteals or chyliferous vessels ; they differ in 


Fig. 749. — A small lymphatic vessel, from the 
diaphragm of a rabbit. Silvered, x 65. 



G.A. 
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larger lymphatic vessels are supplied by nutrient vessels, which are distributed to 
their outer and middle coats ; and here also have been traced many non-medullated 
nerves in the form of fine plexuses. 

In the lymphatic vessels the valves are placed at much shorter intervals than 
in the veins. They are most numerous near the lymph-glands, and are found more 
frequently in the lymphatic vessels of the neck and upper extremity than in those 
of the lower extremity ; they are wanting in the vessels composing the plexiform 
network in which the lymphatic vessels usually originate on the surface of the body. 
The valves are formed of thin layers of fibrous tissue covered on both surfaces by 
endothelium which presents the same arrangement as on the valves of veins (p. 573). 
They are semilunar in form, and are attached by their convex edges to the wall 
of the vessel, the concave edges being free and directed along the course of the 
lymph-current. Usually two valves, of equal size, are found opposite one another ; 
but occasionally exceptions occur, especially at or near the anastomoses of lymphatic 
vessels ; thus, one valve may be of small size and the other increased in proportion. 
The wall of a lymphatic vessel immediately above the attachment of each segment 
of a valve is expanded into a pouch or sinus which gives the vessel, when distended, 
the knotted or beaded appearance already referred to. 

Fig. 750. — A section through a lymph-gland of a cat. Stained with hsematoxylin 

and eosin. x 15. 



The lymph-glands are small oval or bean-shaped bodies, situated in the course 
of lymphatic and lacteal vessels so that the lymph and chyle pass through them on 
their way to the blood. Each generally presents on one side a slight depression, 
the hilum , through which the blood-vessels enter and leave the gland. The efferent 
lymphatic vessel also emerges from the gland at this spot, while the afferent vessels 
enter it at different parts of the periphery. On section (fig. 750), a lymph-gland 
displays two different structures : an external, of lighter colour — the cortical ; 
and an internal, darker — the medullary . The cortical structure does not form a 
complete investment, but is deficient at the hilum, where the medullary portion 
reaches the surface of the gland ; so that the efferent lymphatic vessel is derived 
directly from the medullary structure, while the afferent vessels empty themselves 
into the cortical substance. 

The structure of the lymph-glands (figs. 750, 751). A lymph-gland consists of 
(1) a fibrous envelope, or capsule , from which a framework of processes ( trabeculce ) 
proceeds inwards, imperfectly dividing the gland into open spaces freely com- 
municating with each other ; (2) a quantity of lymphoid tissue occupying these 
spaces without completely filling them ; (3) a free supply of blood-vessels, which 
are supported in the trabeculae ; and (4) the afferent and efferent lymphatic vessels 
communicating through the lymph-paths in the substance of the gland. The nerves 
passing into the hilum are few in number and are chiefly distributed to the blood- 
vessels supplying the gland. 

In man the capsule and trabeculce are composed of connective tissue with some 
plain muscular fibres, but in many of the lower animals they consist almost 
entirely of the latter. The trabeculae pass inwards towards the centre of the 
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gland for about one-third or one-fourth of the distance between the circumference 
and the centre of the gland. In some animals they are sufficiently well marked 
to divide the peripheral or cortical portion of the gland into a number of compart- 
ments, but in man this arrangement is not obvious. The larger trabecule springing 
from the capsule break up into finer bands, and these interlace to form a mesh work 
in the central or medullary portion of the gland. The gland-pulp or lymphoid tissue 
is arranged in masses in the cortex of the gland, but in the medulla these masses 
divide into cords which alternate with bands derived from the trabecule. The 
capsule and the trabeculse are everywhere separated from the lymphoid tissue 
by a lymph-path or lymph-sinus which is bridged by a network of retiform tissue 
(fig. 751) and is continuous throughout the gland. 

Fig. 751. — Retiform and adenoid tissue, from a lymph-gland, x 255. 


Iietiform tissue 



The gland-pulp consists of ordinary lymphoid tissue (fig. 751), being made up 
of a delicate network of retiform tissue packed with lymphocytes. The network 
of the gland-pulp is continuous with that in the lymph-paths, but marked oh from 
it by a closer retie ulation ; moreover, the fibres of the retiform tissue of the lymph - 
paths are continuous with those of the trabeculse. The gland-pulp is traversed by 
a dense plexus of capillary blood-vessels. The nodules or follicles in the cortical 
portion of the gland frequently show areas where karyokinetic figures indicate a 
division of the lymph-corpuscles. These areas are termed germ-centres . The 
actively dividing cells have more abundant protoplasm than those which are not 
undergoing division, and consequently in stained sections the germ-centres appear 
clearer than the surrounding gland-pulp. 

The afferent vessels , as stated above, enter at different parts of the periphery of 
the gland, and after branching and forming a dense plexus in the substance of the 
capsule, open into the lymph-sinuses of the cortical part. In doing this they lose 
all their coats except their endothelial lining, which is continuous with a layer of 
similar cells lining the lymph-paths. The efferent vessel commences from the 
lymph-sinuses of the medullary portion. The stream of lymph carried to the gland 
by the afferent vessels thus passes through the plexus in the capsule to the lymph- 
paths of the cortical portion, where it is exposed to the action of the gland-pulp ; 
flowing through these it enters the paths or sinuses of the medullary portion, and 
finally emerges from the hilum by means of the efferent vessel. The stream of 
lymph in its passage through the lymph-sinuses is much retarded by the presence 
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of the reticulum, hence morphological elements, either normal or morbid, are 
easily arrested and deposited in the sinuses. Many lymph-corpuscles pass with the 
efferent lymph-stream to join the general blood-stream. The arteries of the gland 
enter at the hilum, and go to the gland-pulp, to break up into a capillary plexus, 
either directly or after running in the trabeculae for a certain distance. The veins 
emerge from the gland at the hilum. 

The lymphatic vessels are arranged into a superficial and a deep set. On 
the surface of the body the superficial lymphatic vessels are placed immediately 
beneath the skin and accompany the superficial veins ; they join the deep 
lymphatic vessels in certain situations. In the interior of the body they lie 
in the submucous areolar tissue throughout the whole length of the digestive, 
respiratory and genito-urinary tracts ; and in the subserous tissue of the 
thoracic and abdominal walls. Networks of minute lymphatic vessels are 
found interspersed among the elements and blood-vessels of the several tissues ; 
the vessels composing the network as well as the meshes between them, are 
much larger than those of the capillary plexus. From these networks small 
vessels emerge, which pass, either to a neighbouring gland, or to join some 
larger lymphatic trunk. The deep lymphatic vessels, fewer in number but 
larger than the superficial, accompany the deep blood-vessels. Their mode 
of origin is probably similar to that of the superficial vessels. 

The lymphatic vessels of any part or organ exceed the veins in number, 
but in size they are much smaller. Their anastomoses also, especially those 
of the large trunks, are more frequent, and are effected by vessels equal in 
diameter to those which they connect. 

Applied Anatomy . — The lymphatic vessels and lymph-glands draining any infected 
area of the body are very liable to become inflamed, resulting in acute or chronic lymphan- 
gitis and lymphadenitis. In acute cases the paths of the superficial lymphatic vessels are 
often marked out on the skin by painful, red lines leading to tender, swollen lymph- 
glands, which may suppurate. Chronic, lymphangitis, together with the blocking of 
numerous lymphatic vessels by the escaped ova of the minute parasitic worm Microfilaria 
noctuma, is the cause of elephantiasis, a condition common in the tropics and subtropics, 
and characterised by enormous enlargement and thickening of the skin of some part of the 
body, most frequently of the leg and scrotum. Tuberculous, syphilitic and cancerous 
enlargements of the lymphatic vessels and lymph-glands are very commonly met with. 
Primary tumours of the lymphatic vessels are lymphangioma and endothelioma ; the 
so-called ‘ congenital cystic hygroma 5 of the neck, arm, trunk, or thigh, is a cystic 
lymphangioma. 

The present view is that cancer spreads by permeating the lymphatic vessels as a 
solid cell-growth, rather than by minute emboli. Operations for the removal of cancer 
are therefore planned to take away in one mass the cancer, the intervening lymphatic 
vessels, and the lymph-glands. 

The appearance of secondary malignant deposits or of secondary infection in parts 
of the body that seem not to be divcedy associated by any lymphatic connexion with 
the seat of the primary growth or infection has often been observed, and explained as 
due to ‘ retrograde transport 1 of cancer-cells or bacteria by a reversed flow of lymph. 
Weleminsky,* however, believes that the explanation is bo be found in the fact that when 
the infected lymph-glands have grown to a certain size they no longer permit the normal 
how of lymph through them, and that under these circumstances very delicate lymphatic 
connexions, whose existence normally remains unsuspected, develop to a surprising 
extent between groups of lymph-glands that at first sight appear to be unconnected with 
one another. 


The Thoracic Duct 

The thoracic duct (fig. 752) conveys the chyle and the greater part of the 
lymph into the blood. It is the common trunk of all the lymphatic vessels 
of the body, excepting those of the right side of the head, neck, and thoracic 
wall, the right upper extremity, right lung, right side of the heart, and part of 
the convex surface of the liver. In the adult it varies in length from 38 cm. 

to 45 cm. and extends from the s^ondUu^ to the root of the 

neck. It begins in a dilatation, the cisterna chyli , which is from 5 cm. to 
7 cm. long, and is situated on the front of the bodies of the first and second 
lumbar vertebrae, to the righk_side of and behind the aorta, by the side of 
the right crus of the Diaphragm. It enters the thorax through the aortic 

* Berliner Min. Woch., 1905, No. 24, p. 743. 
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hiatus of the Diaphragm, and ascends through the posterior mediastinal 

cavity with the aorta on its left and the azygos.xem on its. .right side. 

Behind it in this region are the 


vertebral column and anterior 
longitudinal ligament, the right 
intercostal arteries, and the ter- 
minal parts of the hemiazygos 
and accessory hemiazygos veins. 
In front of it are the Diaphragm, 
oesophagus, and pericardium, 
the last being separated from it 
by a recess of the right pleural 

cavity. Opposite the - fifth 

thoracic vertebra, it inclines to- 
wards the left side, enters the 
superior mediastinal cavity, and 
ascends on the right side of 
the aortic arch and behind the 
thoracic part of the left sub- 
clavian artery and between the 
left side of the oesophagus and 
the left pleura, to the upper 
orifice of the thorax. Passing 

into the... neck.it f orms„.an ..arch 

which rises about 3 cm. or 
4 cm. above the clavicle and 
turns forwards anterior to the 
first part of the subclavian 
artery, the vertebral artery and 
vein, and the thyreocervical 
trunk or its branches. It also 

nerve and the medial border of 
the Scalenus anterior, but is 
separated from these two struc- 
tures by the pre vertebral fascia. 
In front of it are the left] 
common carotid artery, vagus ? 
nerve, and internal jugular j 
vein. It ends by opening into 
the angle of junction of the left 
subclavian vein with the left 
internal jugular vein. The 
thoracic duct, at its com- 
mencement, is about equal in 
diameter to a goose-quill, but 
it diminishes considerably in 
calibre in the middle of the 
thorax, and is again slightly 
dilated just before its termina- 
tion. It is generally flexuous, 
and constricted at intervals so 
as to present a varicose ap- 
pearance. Not infrequently it 
divides in the middle of its 



course into two vessels of unequal size which soon reunite, or into several 
branches which form a plexiform interlacement. It occasionally divides at 
its upper part into two branches, right and left ; the left ending in the 
usual manner, while the right opens into the right subclavian vein, in con- 
nexion with the right lymphatic duct. The thoracic duct has several valves ; 
at its termination it is provided with a pair, the free borders of which are 
turned towards the vein, so as to prevent the passage of venous blood into 
the duct. 
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The cisterna chyli (figs. 752, 753) receives the two lumbar lymphatic 
trunks, right and left, and the intestinal lymphatic trunk. The lumbar trunks 
are formed by the union of the efferent vessels from the lateral aortic lymph- 
glands ; they receive the lymph from the lower limbs, from the walls and 
viscera of the pelvis, from the kidneys and suprarenal glands, and the deep 
lymphatics of the greater part of the abdominal wall. The intestinal trunk 
receives the lymph from the stomach, intestine, pancreas and spleen, and 
from the lower and front part of the liver. 

Tributaries. — Opening into the commencement of the thoracic duct, 
-on either side, is a descending trunk from the posterior intercostal lymph-glands 
of the lower six or seven intercostal spaces. In the thorax the duct is joined 
on either side by a trunk which drains the upper lumbar lymph-glands and 
pierces the crus of the Diaphragm. It also receives the efferents from the 
posterior mediastinal lymph-glands and from the posterior intercostal lymph- 
glands of the upper six left spaces. In the neck it is joined by the left jugular 
trunk from the left side of the head and neck, and left subclavian trunk from 

Fig. 753. — Modes of origin of the thoracic duct. (Poirier and Charpy.) 


ABC 



a. Thoracic duct. a'. Cisterna chyli. &, c. Efferent trunks from lateral aortic lymph-glands. 
d. An efferent vessel which pierces the left eras of the Diaphragm. e,f. Lateral aortic lymph-glands. 
g. Pre-aortic lymph-glands, h. Eetro-aortic lymph-glands, i. Intestinal trunk, j. Descending 
branch from intercostal lymphatics. 

the left superior extremity ; sometimes it is j oined by the left bronchomediastinal 
trunk , but this trunk usually opens independently into the junction of the 
left subclavian and internal jugular veins. 

The right lymphatic duct (fig. 752), about 1 cm. in length, courses 
along the medial border of the Scalenus anterior at the root of the neck, and 
ends by opening into the angle of junction of the right subclavian and right 
internal jugular veins. Its orifice is guarded by two semilunar valves which 
prevent the passage of venous blood into the duct. 

Tributaries. — The right lymphatic duct receives the lymph from the right 
side of the head and neck through the right jugular trunk ; from the right 
upper extremity through the right subclavian trunk ; from the right side of the 
thorax, right lung, right side of the heart, and part of the convex surface of 
the liver 3 through the right bronchomediastinal trunk. These three trunks 
frequently open separately in the angle of union of the two veins (fig. 754). 

Applied Anatomy . — Blockage of the thoracic duct by mature specimens of the minute 
parasitic worm Microfilaria nocturna gives rise to stasis of the chyle, and to its passage 
in various abnormal directions on its course past the obstruction. The neighbouring 
abdominal, renal, and pelvic lymphatics become enlarged, varicose, and tortuous, and 
chyle may make its way into the urine (chyluria), the tunica vaginalis (ehylocele), the 
abdominal cavity (chylous ascites) or the pleural cavity (chylous pleural effusion), in 
consequence of rupture of some of these distended lymphatic vessels. 

Gunshot wounds of the chest involving laceration of the thoracic duct and the escape 
of chyle into the pleural cavity have been described. It appears that if left alone, such 
lacerations tend to heal and close up spontaneously. 
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The thoracic duct may be secondarily infected in intestinal or pulmonary tuberculosis, 
and may contain either miliary tubercles, caseating tubereulousAuasscs , or even tuber- 
culous ulcers. It is often the seat of secondary carcinomatous deposits in cases of cancer 
of some abdominal viscus. becorr.mcr infiltrated throughout until it becomes a stiff monili- 
form rod as thick as a }■■. aon. no- multiple stenoses and dilatations of its lumen; in 
such cases the left supraclavicular lymph-glands are often infected and enlarged, while 
the lungs remain free fro::: secondary growths. 


Fig. 754. — The terminal lymphatic trunks of the right side. (Poirier and Charpy.) 



a. Jugular trunk. 6. Subclavian trunk, c. Bronchomediastinal trunk, d. Bight lymphatic trunk. 
e. Lymph- gland of internal mammary chain. /. Lymph-gland of deep cervical chain. 


The thoracic duct has been wounded in removing tuberculous glands from the neck. 
When this happens the duct should be ligatured in the same way as a vein. The chyle 
then appears to find its way into the veins by anastomosing channels. 


THE LYMPH-GLANDS OF THE HEAD AND NECK 

1. The lymph-glands of the head (fig. 755) consist of the following groups ; 

Occipital. Parotid. Deep facial. 

Posterior auricular. Facial. Lingual. 

Anterior auricular. 

The occipital lymph-glands, one to three in number, are placed on the 
back of the head on the upper part of the Trapezius, or, if there he a gap here 
between the Trapezius and the Sternocleidomastoideus, on the insertion of 
the Semispinalis capitis. Their afferent vessels drain the lymph from the 
occipital region of the scalp ; their efferents convey it to the superior deep 
cervical lymph-glands. 

The posterior auricular lymph-glands, usually two in number, are 
situated on the mastoid insertion of the Sternocleidomastoideus, beneath 
the Auricularis posterior. Their afferent vessels drain the posterior part of the 
temporoparietal region, the upper part of the cranial surface of the auricula 
or pinna, and the back of the external acoustic meatus ; their efferents pass to 
the superior deep cervical lymph-glands. 

The anterior auricular lymph-glands, from one to three in number, lie 
immediately in front of the tragus. Their afferents drain the lateral surface 
of the auricula and the skin of the adjacent part of the temporal region ; their 
efferents pass to the superior deep cervical lymph-glands. 

The parotid lymph-glands form two groups, one imbedded in the sub- 
stance of the parotid salivary gland, and the other, or subparotid group, placed 
on the lateral wall of the pharynx. Occasionally small lymph-glands are 
found in the subcutaneous tissue over the parotid salivary gland. The afferents 
of the subparotid lymph-glands drain the nasal part of the pharynx and the 
posterior parts of the nasal cavities ; their efferents pass to the superior deep 
cervical lymph-glands. The afferents of the remaining parotid lymph-glands 
drain the root of the nose, the eyelids, the frontotemporal region, the external 
acoustic meatus and the tympanic cavity, possibly also the posterior parts of 
the palate and of the floor of the nasal cavity. Their efferents pass to the 
superior deep cervical lymph-glands. 
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The facial lymph-glands (figs. 755, 756) comprise three groups : (a) infra - 
orbital , scattered over the infra-orbital region from the groove between the nose 
and cheek to the zygomatic arch ; ( b ) buccinator , one or more on the Buccinator 
opposite the angle of the mouth ; (c) swpramandibular , on the outer surface of 
the mandible in front of the Masseter and in contact with the external 
maxillary artery and anterior facial vein. Their afferents drain the eyelids, 
the conjunctiva, and the skin and mucous membrane of the nose and cheek ; 
their efferents pass to the anterior auricular and submaxillary lymph-glands. 


Fig. 755. — The superficial lymjfii-glands and tymphatic vessels of the head and neck. 



The deep facial lymph-glands are placed beneath the ramus of the 
mandible, on the outer surface of the Pterygoideus externus, in relation to 
the internal maxillary artery. Their afferents drain the temporal and infra- 
temporal fossae, the palate and the nasal part of the pharynx ; their efferents 
pass to the superior deep cervical lymph-glands. 

. lingual lymph-glands are two or three small inconstant nodules 
lying on the Hyoglossus and between the Genioglossi. They are merely 
glandular nodules in the course of the lymphatic vessels of the tongue. 

2. The lymph-glands of the neck include the following groups : 

Retropharyngeal. Anterior cervical. 

Submaxillary. Superficial cervical. 

Submental. Deep cervical. 

The retropharyngeal lymph-glands (fig. 757), from one to three in 
number, he m the buccopharyngeal fascia, behind the upper part of the pharynx 
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and in front of the arch of the atlas, being separated, however, from the latter 
by the Longiis capitis. Their afferents drain the posterior parts of the nasal 
cavities, the nasal part of the pharnyx, and the auditory tubes ; their efferents 
pass to the superior deep cervical lymph-glands. 

The submaxillary lymph-glands (figs. 755, 756), usually three in number, 
are placed between the lower border of the mandible and" the submaxillary 
salivary gland. One lies at the anterior end of the salivary gland, one in front 
of, and another behind the external maxillary artery as it reaches the mandible. 
The middle gland is the most constant (Stahr). Small lymph-glands are some- 
times found imbedded in the submaxillary salivary gland or lying on its deep 
surface. The afferents of the submaxillary lymph-glands drain the medial 
palpebral commissure, the cheek, the side of the nose, the upper lip, the lateral 


Fig. 756. — The lymphatics of the face. (After Kuttner.) 


\ 



part of the lower lip, the gums, and the margin of the tongue ; efferent vessels 
from the facial and submental lymph-glands also enter the submaxillary lymph- 
glands. Their efferent vessels pass to the superior deep cervical lymph-glands. 

The submental or suprahyoid lymph-glands, three or four in number, are 
placed between the anterior bellies of the two Digastric muscles. Their afferents 
drain the central portions of the lower lip and floor of the mouth, and the apex 
of the tongue ; their efferents pass to the submaxillary and jugulo-omohyoid 
lymph -glands. 

The anterior cervical lymph-glands are placed in front of the larynx and 
trachea, and consist of a superficial and a deep set. Those of the superficial 
set lie alongside the anterioi jugular vein, but are inconstant in number and 
size. Those of the deep set comprise : (a) the infrahyoid lymph-glands which 
lie in front of the hyothyreoid membrane, and receive their afferents from the 
neighbourhood of the epiglottis ; ( b ) the prelaryngeal lymph-glands , which lie 
on the middle cricothyreoid ligament ; and (c) the pretracheal lymph-glands 
which are placed in front of the trachea, alongside the inferior thyreoid veins. 
The prelaryngeal and pretracheal groups receive their afferents from the larynx, 
the thyreoid gland, and the cervical part of the trachea * their efferents pass 
to the deep cervical lymph-glands. 

The superficial cervical lymph-glands (fig. 755) lie in close relationship 
with the external jugular vein as it emerges from the parotid gland, and are 
superficial to the Stemocleidomastoideus. Their afferents drain the parotid 
region and the lower part of the auricula, while their efferents pass round the 
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anterior margin of the Sternocleidomastoideus to join the superior deep cervical 
lymph-glands. 

The deep cervical lymph-glands (figs. 757, 758) are numerous and of large 
size ; they form a chain . along the carotid sheath, lying by the side of the 
pharynx, oesophagus, and trachea, and extending from the base of the skull 
to the root of the neck. They are usually described in two groups, superior 
and inferior. The superior deep cervical lymph-glands lie under the Sterno- 
cleidomastoideus in close relation with the accessory and hypoglossal nerves 
and the internal jugular vein, some of the glands lying in front of and others 
behind the vein. One cluster of this group is closely associated with the 
lymphatic vessels of the tongue. It is placed in the triangle formed by the 
posterior belly of the Digastricus, the common facial vein, and the internal 
jugular vein, and consists of one large and several small glands which from 
their situation may be named the jugulo-digastric lymph -glands. The inferior 
deep cervical lymph-glands are situated in the supraclavicular triangle, and 
under cover of the lower part of the Sternocleidomastoideus, where they are 
closely related to the brachial plexus and the subclavian vessels. One gland 
of this group is closely related to the lymphatic vessels of the tongue. It lies 
beneath the anterior part of the Sternocleidomastoideus on or just above the 
central tendon of the Omohyoideus, and may therefore be named the jugulo- 
omohyoid lymph-gland (Jamieson and Dobson).* A few paratracheal lymph- 
glands are situated alongside the recurrent nerves on the lateral aspects of 
the trachea and oesophagus. The superior deep cervical lymph-glands dirain the 
occipital portion of the scalp, the upper part of the auricula, the back of the 
neck, a considerable part of the tongue, the larynx, thyreoid gland, trachea, 
nasal part of the pharynx, nasal cavities, tonsils, palate, and oesophagus. They 
receive also the efferent vessels from all the other lymph-glands of the head 
and neck, except those from the inferior deep cervical lymph-glands. The 
inferior deep cervical lymph-glands drain the back of the scalp and neck, the 
superficial pectoral region, and the lateral part of the arm and forearm (p. 760). 
In addition, they receive vessels from the superior deep cervical lymph-glands. 
The efferents of the superior deep cervical lymph-glands pass partly to the 
inferior deep cervical lymph-glands and partly to a trunk which unites with 
the efferent vessel of the inferior deep cervical lymph-glands and forms the 
jugular trunk. On the right side, this trunk ends in the junction of the internal 
jugular and subclavian veins ; on the left side it joins the thoracic duct. 


THE LYMPHATIC VESSELS OF THE HEAD AND NECK 

The lymphatic vessels of the scalp are divisible into (a) those of the frontal 
region, which drain into the anterior auricular and parotid lymph-glands ; 
(b) those of the temporoparietal region, which end in the parotid and posterior 
auricular lymph-gands ; and (c) those of the occipital region, which terminate 
partly in the occipital lymph-glands and partly in a trunk which runs down 
along the posterior border of the Sternocleidomastoideus to end in the inferior 
deep cervical lymph -glands. 

The lymphatic vessels of the auricula and external acoustic meatus are also 
divisible into three groups : (a) an anterior, from the lateral surface of the 
auricula and anterior wall of the meatus to the anterior auricular lymph-glands ; 
{ b ) a posterior, from the margin of the auricula, the upper part of its cranial 
surface, the internal surface and posterior wall of the meatus to the posterior 
auricular and superior deep cervical lymph-glands ; (c) an inferior, from the 
floor of the meatus and from the lobule of the auricula to the superficial and 
superior deep cervical lymph-glands. 

The lymphatic vessels of the face (figs. 755, 756) are more numerous than 
those of the scalp. Those from the. eyelids and conjunctiva consist of a super- 
ficial plexus in the subcutaneous tissue, and a deep plexus in front of and 
behind the tarsi ; these plexuses anastomose with one another, and open into 
medial and lateral groups of lymphatic vessels. The vessels of the medial 

Consult an article by J. K. Jamieson and J. F. Dobson on 4 The lymphatics of the tongue,’ 
British J ournal of Surgery, vol. viii Ho. 29, 1920. 
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group drain the caruncula lacrimalis, the skin of the medial commissure and 
of the adjoining part of the upper eyelid, and the skin and conjunctiva of 
■approximately the medial one-half of the lower eyelid; they accompany the 
anterior facial vein, and open into the submaxillary lymph-glands. The 
vessels of the lateral group drain the skin of the greater part, and the con- 
junctiva of the whole, of the upper eyelid, and the skin and conjunctiva of the 
lateral part of the lower eyelid ; they open into the parotid lymph-glands. 
The lymphatic vessels from the posterior part of the cheek pass to the parotid 
lymph -glands ; those from the anterior portion of the cheek, the side of the 
nose, the upper lip, and the lateral portions of the lower lip, end in the sub- 
maxillary lymph -gland s . The deeper vessels from the temporal and infra- 
temporal fossse pass to the deep facial and superior deep cervical lymph-glands. 
The deeper vessels of the cheek and lips end, like the superficial, in the sub- 
maxillary lymph-glands. Both superficial and deep vessels of the central part 
of the lower lip run to the submental lymph-glands. 


Fig. 757. — The lymphatics of the pharynx. (Poirier and Charpy.) 



The lymphatic vessels of the nasal cavities can be injected from the subdural 
and subarachnoid cavities. Those from the anterior parts of the nasal cavities 
communicate with the lymphatic vessels of the skin of the nose, and end in the 
.submaxillary lymph-glands ; those from the posterior two-thirds of the nasal 
cavities and from the accessory air-sinuses of the nose pass partly to the 
retropharyngeal and partly to the superior deep cervical lymph-glands. 

The lymphatic vessels of the mouth . — The vessels of the gums pass to the 
subma xill ary lymph-glands ; those of the hard palate are continuous in front 
with those of the upper gum, but run backwards to pierce the Constrictor 
pharyngis superior, and end in the superior deep cervical and subparotid 
lymph-glands ; those of the soft palate pass backwards and lateralwards and 
end partly in the retropharyngeal and subparotid, and partly in the superior 
deep cervical, lvmph-glands.“ The vessels of the anterior part of the floor of the 
mouth go either directly to the inferior lymph-glands of the superior deep 
cervical group, or indirectly through the submental lymph-glands ; the vessels 
from the rest of the floor of the mouth pass to the submaxillary and superior 
•deep cervical lymph-glands. 

The lymphatic vessels of the teeth. — Lymphatic vessels were demonstrated 
in the pulps of the teeth by Schweitzer * in 1907, and his observations have been 
■confirmed by Dewey and Noyes.f They pass to the submaxillary and deep 
cervical lymph-glands. 

The lymphatic vessels of the palatine tonsil , usually three to five in number, 
pierce the buccopharyngeal fascia and Constrictor pharyngis superior and pass 

* Archiv. fur Mikrosh. Anat. u. EntwicJcl . , 1907 and 1909, f Dental cosmos , vol. lix. No. 4. 
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between the Stylohyoideus and the internal jugular vein to the superior deep 
cervical lymph-glands. Most of them end in a lymph-gland which lies at the 
side of the posterior belly of the Digas tricus, on the internal jugular vein ; 
occasionally one or two additional vessels run to small lymph-glands on the 
lateral side of the vein, under cover of the Sternocleidomastoideus. 

The lymphatic vessels of the tongue (figs. 758, 759). * — The lymphatic plexus 
in the mucous membrane of the tongue is continuous with the intramuscular 
plexus. The part of the tongue in front of the papillae vallatae is drained into 
marginal and central lymphatic vessels. 


Fig. 758.— The course of the lymphatic vessels from the tongue to the submental, 
submaxillary, and deep cervical lymph -glands. (Jamieson and Dobson.) 
British Journal of Surgery, vol. viii. 1920. 



1. Marginal vessels . — The lymphatic vessels from the tip, and region of the 
frsenum, of the tongue descend under the mucous membrane and end in widely 
distributed lynrph-glands. 

(а) Vessels pierce the origin of the Mylohyoideus in contact with the peri- 
osteum of the mandible ; one or two of these vessels enter the submental 
lymph-glands, and one descends over the hyoid bone to the jugulo-omohyoid 
lymph-gland. (It should be noted (1) that vessels arising in the plexus on one 
side of the tongue may cross under the frsenum and end in the lymph-glands 
of the opposite side, and (2) that the efferent vessels of the median-placed 
submental lymph-glands pass impartially to either side.) 

(б) Some vessels pierce the origin of the Mylohyoideus, and enter the 
anterior or the middle submaxillary lymph -gland. 

(c) Some vessels pass deeply under the sublingual salivary gland, and accom- 
panying the ranine vein, end in the jugulo- digastric lymph-glands. One vessel 

* This description of the lymphatic vessels of the tongue is based on the researches of 
Jamieson and Dobson ( loc . cit, p. 754). 
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often descends over or beneath the central tendon of the Digastrieus to reach 
the j ugulo -omohyoid lymph-gland. 

Some of the lymphatic vessels from the lateral margin of the tongue pass 
over the sublingual salivary gland, pierce the Mylohyoideus, and end in 
the submaxillary lymph- 
glands ; others pass under 
the salivary gland and 
end in the j ugulo -digastric 
glands. 

The vessels from the 
posterior part of the mar- 
gin of the tongue make 
their way through the 
pharyngeal -wall to the 
juguio-digastric lymph- 
glands. 

2. Central vessels . — 

There is no clear line 
of demarcation between 
areas on the surface of 
the tongue draining into 
the marginal or into the 
central vessels. The cen- 
tral lymphatic vessels 
descend in the middle 
line between the Genio- 
glossi. Some turn lateral- 
wards through the mus- 
cles, but the majority 
appear between their free borders and diverge to the right or left, i.e. the 
vessels from one side of the tongue may run to the lymph -glands of the opposite 
side. They follow the lingual blood-vessels, and end in the deep cervical 
lymph-glands, especially in the juguio-digastric and jugulo-omohyoicl glands. 
Some pierce the Mylohyoideus and enter the submaxillary lymph-glands. 

3. Dorsal vessels . — The vessels draining the area of the papillse vallate, and 
the part of the tongue behind these papillse, run backwards — those near the 
middle line may divide and run to both sides. They turn lateralwarcls to join 
the marginal vessels, and all pierce the pharyngeal wall passing in front of or 
behind the external carotid artery, to reach the juguio-digastric and jugulo- 
omohyoid lymph-glands, or the glands between them. One vessel may descend 
behind the hyoid bone, perforate the hyothyreoid membrane, and end in the 
jugulo-omohyoid lymph-gland. 

The lymphatic vessels of the shin and muscles of the neck pass to the deep 
cervical lymph-glands. From the upper part of the pharynx the lymphatic 
vessels pass to the retropharyngeal lymph-glands ; from the lower part to the 
deep cervical lymph-glands." From the larnyx two sets of vessels arise, an 
upper and a lower which do not communicate very freely, the two sets being 
separated by the vocal folds where there are very few lymphatic vessels. The 
vessels of the upper set pierce the hyothyreoid membrane, accompany the 
laryngeal branch of the superior thyreoid artery, and join the superior deep 
cervical lymph-glands. Of the lower set, some pierce the conus elastieus and 
join the pretracheal and prelaryngeal lymph-glands ; others run between the 
cricoid cartilage and first tracheal ring and enter the inferior deep cervical 
lymph-glands. The lymphatic vessels of the thyreoid gland consist of an upper 
set, which accompanies the superior thyreoid artery and enters the superior 
deep cervical lymph-glands, and a lower, which runs partly to the pretracheal 
lymph-glands and partly to the small paratracheal lymph-glands which accom- 
pany the recurrent nerves. The paratracheal lymph-glands also receive 
lymphatic vessels from the cervical portion of the trachea. 

Applied Anatomy .— The superficial and deep cervical lymph-glands often become in- 
fected from inflammatory conditions about the mouth, teeth, tonsil and pharynx. When 
suppuration occurs in the deep group it is apt to spread widely beneath the deep cervical 
fascia unless relieved by early incision. 


Fig. 759. — A diagram to show the course of the central 
lymphatic vessels of the tongue to the lymph-glands 
on both sides of the neck. (Jamieson and Dobson.) 
British Journal of Surgery, vol. viii. 1920. 
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The cervical lymph-glands are very frequently the seat of tuberculous disease. This 
condition may be set up by some lesion in those parts from which they receive their lymph. 
It is very desirable for the surgeon, in dealing with these eases, to possess a knowledge 
of the relation of the groups of lymph-glands to important structures, as in order to eradicate 
them by operation a long and difficult dissection may be required. The same can be said 
of these lymph-glands when they become infiltrated with carcinomatous growth secondary 
to disease of the lip, tongue, palate, or pharynx. At times it will be found necessary to 
remove a portion of the internal jugular vein, previously ligatured, with the mass of glands, 
'When an acute abscess forms in the retropharyngeal glands, it is opened by an incision 
through the posterior pharyngeal wall, but a chronic abscess in these glands is opened bv 
making an incision behind the Stemomastoideus and the carotid sheath, at the level of 
the second cervical vertebra. 


THE LYMPH-GLANDS OF THE UPPER EXTREMITY 

The lymph-glands of the upper extremity are divided into two sets 
superficial end deep. 


Fig. 760. — The superficial lymph-glands and lymphatic vessels of the 
upper extremity. 



The superficial lymph-glands (fig. 760) are few and of small size. One 
or two supratrochlear lymph-glands are placed above the medial epicondyle 
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of the humerus, on the medial side of the basilic vein. Their afferents drain 
the middle, ring, and little fingers, the medial portion of the hand, and the 
superficial area over the ulnar side of the forearm ; these vessels are, however, 
in free communication with the other lymphatic vessels of the forearm. Their 
efferents accompany the basilic vein and join the deeper vessels. One or two 
deltoideopectoral lymph-glands are found beside the cephalic vein, between 
the Pectoralis major and Deltoideus, immediately below the clavicle. They 
are situated in the course of a collecting trunk which drains the lateral side 
of the arm and forearm. 

The deep lymph-glands are chiefly grouped in the axilla, although a few 
may be found in the forearm, in the course of the radial, ulnar, and interosseous 
vessels, and in the arm along the medial side of the brachial artery. 


Pig. 761. — The lymphatics of the mamma, and the axillary lymph-glands. 
Semi-diagrammatic. (Poirier and Charpy.) 
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The axillary lymph-glands (fig. 761) are of large size; they vary from 
twenty to thirty in number, and may be divided into five groups : 

1. A lateral group of from four to six lymph-glands lies in relation to the 
medial and posterior aspects of the axillary vein ; the afferents of this group 
drain the whole arm with the exception of that portion whose lymphatic vessels 
accompany the cephalic vein. The efferent vessels pass partly to the central 
and subclavicular groups of axillary lymph-glands, and partly to the inferior 
deep cervical lymph-glands. 

2. An anterior or pectoral group , consisting of four or five lymph-glands, lies 
along the lower border of the Pectoralis minor, in relation with the lateral 
thoracic artery. Its afferents drain the skin and muscles of the anterior and 
lateral walls of the body, above the level of the umbilicus, and the central and 
lateral parts of the mamma (p. 777) ; its efferents pass partly to the central, 
and partly to the subclavicular groups of axillary lymph-glands. 

3. A posterior or subscapular group of six or seven lymph-glands is placed 
along the lower margin of the posterior wall of the axilla in the course of the 
subscapular artery. The afferents of this group drain the skin and muscles 
of the lower part of the back of the neck and of the posterior thoracic wall ; 
their efferents pass to the central group of axillary lymph-glands. 
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4. A central or intermediate group of three or four large lymph-glands is 
imbedded in the adipose tissue near the base of the axilla. Its afferents are 
the efferent vessels of all the preceding groups of axillary lymph-glands : its 
efferents pass to the subclavicular group of lymph-glands. 

5. A medial or subclavicular group of six to twelve lymph-glands is situated 
partly posterior to the upper portion of the Pectoralis minor and partly above 
the upper border of this muscle. The only direct territorial afferents of this 
group are those which accompany the cephalic vein and one which drains 
the upper peripheral part of the mamma, but it receives the efferents of all 
the other axillary lymph-glands. The efferent vessels of this group unite to 
form the subclavian trunk , which opens either directly into the junction of 
the internal jugular and subclavian veins or into the jugular lymphatic trunk : 
on the left side it may end in the thoracic duct. A few efferents from the 
subclavicular group usually pass to the inferior deep cervical lymph-glands. 

Applied Anatomy . — Enlargement of the axillary lymph-glands is very often found in 
malignant disease and also in infective processes implicating the upper part of the back 
and shoulder, the front of the chest and mamma, the upper part of the front and side of 
the abdomen, or the hand, forearm, and arm. 

In the operation for the removal of a cancerous breast, all the axillary lymph-glands, 
the lymphatic vessels, and the Peetorales major et minor are removed in one mass. 


THE LYMPHATIC VESSELS OF THE UPPER EXTREMITY 


The lymphatic vessels of the upper % extremity consist of two sets, superficial 
and deep. 

The superficial lymphatic vessels (fig. 762) commence in the lymphatic plexus 
which everywhere pervades the skin ; the meshes of the plexus are much finer 

in the palm and on the flexor 
Pick 762.— The lymphatic vessels of the dorsal aspects of the digits than else- 
surface of the hand. (Sappev.) where. The digital plexuses are 



drained by a pair of vessels which 
run on the sides of each digit, 
and incline backwards to reach 
the dorsum of the hand. From 
the dense plexus of the palm, 
vessels pass in different directions, 
viz. upwards towards the wrist, 
downwards to join the digital 
vessels, mediahvards to join the 
vessels on the ulnar border of the 
hand, and lateralwards to those 
on the thumb. Several vessels 
from the central part of the 
plexus unite to form a trunk, 
which passes round the meta- 
carpal bone of the index finger 
to join the vessels on the dorsum 
of that digit and on the dorsum 
of the thumb. As the lymphatic 
vessels ascend on the dorsal and 
palmar surfaces of the wrist, they 
are collected into groups, which 
accompany the cephalic, median 
antibrachial, and basilic veins in 
the forearm. A few of those on 
the medial side end in the supra- 
trochlear lymph-glands, but the 
majority pass directly to the 
lateral group of axillary lymph- 
glands. Some of the vessels on 
the lateral side are collected into 
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a trunk which ascends with the cephalic vein to the deltoideo-pectoral lymph - 
glands; the efferents from this group enter either the sub clavicular axillary 
lymph-glands or pass over the clavicle to the inferior deep cervical lymph- 
glands. 

The deep lymphatic vessels accompany the deep blood-vessels. In the 
forearm, they consist of four sets, corresponding with the radial, ulnar, volar 
interosseous, and dorsal interosseous arteries ; they communicate at intervals 
with the superficial lymphatic vessels, and some of them end in the lymph - 
glands which are occasionally found beside the arteries. A fev r end in the 
supratrochlear lymph -glands, but most of them pass to the lateral group of 
axillary lymph -glands. 


THE LYMPH-GLANDS OF THE LOWER EXTREMITY 

The lymph-glands of the lower extremity consist of three , sets 
the anterior tibia!, the popliteal and the inguinal. 

The anterior tibial lymph-gland is small and inconstant ; it lies on the 
interosseous membrane in relation to the upper part of the anterior tibial vessels. 


Fig. 763. — The lymph-glands of the popliteal fossa. (Poirier and Charpy.) 



The popliteal lymph-glands (fig. 763), small in size and six or seven in 
number, are imbedded in the fat contained in the popliteal fossa. One lies 
•near the termination of the small saphenous vein, and drains the region 
from which this vein derives its tributaries. Another is placed between the 
popliteal artery and the posterior surface of the knee-joint ; it receives the 
lymphatic vessels from the knee- joint together with those which accompany 
the genicular arteries. The remainder lie at the sides of the popliteal vessels, 
and receive as afferents the trunks which accompany the anterior and posterior 
tibial vessels. The efferents of the popliteal lymph-glands pass almost entirely 
alongside the femoral vessels to the deep subinguinal lymph-glands, but a few 
may accompany the great saphenous vein, and end in the superficial sub- 
inguinal lymph-glands. 
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Fig. 764. — The superficial lymph -glaruh 
and lymphatic vessels or the lower 

. extremity. 



The inguinal lymph-glands (fig. 
764), from twelve to twenty in number, 
are situated at the upper part of the 
femoral triangle. They may be divided 
into two groups by a line drawn hori- 
zontally at the level of the termination 
of the great saphenous vein ; those lying 
above this line are termed the superficial 
inguinal lymph -glands, and those below 
it the subinguinal lymph-glands, the 
latter group consisting of a superficial 
and a deep set. 

The superficial inguinal lymph-glands 
form a chain immediately below the 
inguinal ligament. They receive as 
afferents the lymphatic vessels from the 
skin of the penis, scrotum (but not 
from the testis), peringeum, buttock, 
and abdominal wall below the level of 
the umbilicus ; they also receive 
lymphatic vessels from the anal canal 
and from the mucous membrane of 
the anterior part of the urethra. In 
the female they receive the lymphatics 
from the vulva. 

The superficial subinguinal lymph- 
glands are placed on either side of the 
upper part of the great saphenous 
vein ; their afferents consist chiefly of 
the superficial lymphatic vessels of the 
lower extremity, except the back and 
lateral side of the calf of the leg, but they 
also receive some of the vessels which 
drain the skin of the penis, scrotum, 
perinseum, and buttock. 

The deep subinguinal lymph-glands 
vary from one to three in number, and 
are placed deep to the fascia lata, on 
the medial side of the femoral vein. 
When three are present, the lowest is 
situated just below' the junction of the 
great saphenous and femoral veins, 
the middle in the femoral canal, and 
the highest in the lateral part of the 
femoral ring. The middle one is the 
most inconstant, but the highest, 
the lymph-gland of Cloquet or Bosen - 
mutter, is also frequently absent. They 
receive as afferents the deep lymphatic 
vessels which accompany the femoral 
vessels, the lymphatic vessels from the 
glans penis (or glans clitoridis), and 
also some of the efferents from the 
superficial subinguinal lymph-glands ; 
their efferents pass through the femoral 
canal to the external iliac lymph- 
glands. 

Applied Anatomy . — Inflammation and 
suppuration of the popliteal lymph-glands 
are most commonly due to a sore on the 
lateral side of the heel. 

The inguinal and subinguinal lymph- 
glands frequen tly become enlarged in diseases 
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implicating the parts from which their lymphatic vessels originate. Thus in ;V 

or syphilitic affections of the prepuce and penis, or labia nuijora. in oaiics-r lie* 
scrotum, in abscess in the perimeuin, anus and lower part of the vagina, or in similar 
diseases ’affect ing the skin and superficial structures in those parts, or the subuinbiiieai 
part of the abdominal wall, or the gin heal region, the npp**: 4 group of lymph- gland- is 
almost invariably enlarged, the lower groups being implf-a-cd in diseases a dec ting the 
lower limb. 


THE LYMPHATIC VESSELS OF THE LOWER EXTREMITY 


The lymphatic vessels of the lower extremity consist of two sets, superficial 
and deep, and in their distribution correspond closely with the veins. 

The superficial lymphatic vessels lie in the superficial fascia, and are 
divisible into two groups : a medial, which follows the course of the great 
saphenous vein ; and a lateral, which accompanies the small saphenous vein. 
The vessels of the medial group (fig. 764) are larger and more numerous than 
those of the lateral group, and commence on the tibial side and dorsum of 
the foot ; they ascend in front of and behind the medial malleolus, run up 
the leg with the great saphenous vein, pass with it behind the medial condyle 
of the femur, and accompany it to the groin, where they end in the superficial 
subinguinal lymph-glands. The vessels of the lateral group arise from the 
fibular side of the foot ; some ascend in front of the leg, and cross the tibia 
below the knee to join the lymphatics on the medial side of the thigh ; others 
pass behind the lateral malleolus, and, accompanying the small saphenous vein, 
enter the popliteal lymph-glands. 

The deep lymphatic vessels are few T in number, and accompany the deep 
blood-vessels. In the leg, they consist of three sets, anterior tibial, posterior 
tibial, and peronseal, which accompany the corresponding blood-vessels, two or 
three with each artery ; they enter the popliteal lymph-glands. 

The deep lymphatic vessels of the glutseal and ischial regions follow the 
course of the corresponding blood-vessels. Those accompanying the superior 
glutseal vessels end in a lymph-gland which lies on the intrapelvic portion of 
the superior glutseal artery, near the upper border of the greater sciatic foramen. 
Those following the inferior glutseal vessels traverse one or two small lymph - 
glands wdiich lie below the Piriformis muscle, and end in the hypogastric 
lymph-glands. 


THE LYMPH-GLANDS OF THE ABDOMEN AND PELVIS 

The lymph-glands of the abdomen and pelvis may be divided, from 
their situations, into : 1. parietal , lying behind the peritoneum and in close 
association with the larger blood-vessels ; and 2. visceral , which are found 
in relation to the visceral arteries. 

1. The parietal lymph-glands (figs. 765, 766) include the following groups : 

External iliac. Iliac circumflex. (Lateral aortic. 

Common iliac. Hypogastric. Lumbar- Pre-aortie. 

Inferior epigastric. Sacral. (Retro -aortic. 

The external iliac lymph-glands, from eight to ten in number, lie along 
the external iliac vessels. They are arranged in three groups, one on the lateral, 
another on the medial, and a third on the anterior aspect of the vessels ; the 
third group is, however, sometimes absent. Their principal afferents are 
•derived from the inguinal and subinguinal lymph-glands, the deep lymphatic 
vessels of the abdominal wall below the umbilicus and of the adductor region 
of the thigh, and the lymphatic vessels from the glans penis vel clitoridis, 
the membranous urethra, the prostate, the fundus of the urinary bladder, the 
cervix uteri, and upper part of the vagina. 

The common iliac lymph-glands, four to six in number, are grouped behind 
<and on the sides of the common iliac artery, one or two (subaortic) being placed 
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below the bifurcation of the aorta, in front of the fifth lumbar vertebra. They 
drain chiefly the hypogastric and external iliac lymph-glands, and their efferents 
pass to the lateral aortic lymph-glands. 

The inferior epigastric lymph-glands, three or four in number, are 
placed alongside the lower portions of the inferior epigastric vessels. 

The iliac circumflex lymph-glands, two to four in number, lie along the 
course of the deep iliac circumflex vessels ; they are sometimes absent. 


Fig. 765. — The parietal lymph-glands of the pelvis. (Cuneo and Marcille.) 
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The hypogastric lymph-glands (fig. 766) surround the hypogastric vessels, 
and receive the lymphatic vessels corresponding to the distribution of the 
branches of the hypogastric artery, i.e. they receive lymphatic vessels from all 
the pelvic viscera, from the deeper parts of the perinseum, including the 
membranous and cavernous portions of the urethra, and from the buttock 
and back of the thigh. An obturator lymph-gland is sometimes present in the 
upper part of the obturator foramen. 

The . sacral lymph-glands are placed in the concavity of the sacrum, 
in relation to the middle and lateral sacral arteries ; they receive lymphatic 
vessels from the rectum and posterior wall of the pelvis. 

The efferents of the hypogastric and sacral groups end in the common iliac 
lymph-glands. 

The lumbar lymph-glands are very numerous, and consist of right and 
left lateral aortic, pre-aortic, and retro-aortic groups. 

The right lateral aortic lymph-glands are situated partly in front of the 
inferior vena cava, near the termination of the renal vein, and partly behind 
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it on the origin of the Psoas major, and on the right crus of the Diaphragm. 
The left lateral aortic lymph-glands form a chain on the left side of the abdominal 
aorta in front of the origin of the Psoas major and left crus of the Diaphragm. 
The lymph-glands on either side receive (a) the efferents of the common iliac 
lymph-glands ; (b) the lymphatics from the testis in the male and from the 
ovary, uterine tube, and body of the uterus in the female ; (c) the lymphatics 
from the kidney and suprarenal gland ; and (d) the lymphatics draining the 
lateral abdominal muscles and accompanying the lumbar veins. Most of 
the efferent vessels of the lateral aortic lymph-glands converge to form the 
right and left lumbar trunks which join the cisterna chyli, but some enter the 


Fig. 766. — The iliopelvic lymph-glands. (Cuneo and Marcille.) 



pre- and retro-aortic lymph-glands, and others pierce the crura of the Dia- 
phragm to join the lower end of the thoracic duct. The pre-aortic lymph-glands 
lie in front of the aorta, and may be divided into ccdiac , superior mesenteric , and 
inferior mesenteric groups, arranged around the origins of the corresponding 
arteries. They receive a few vessels from the lateral aortic lymph-glands, 
but their principal afferents are derived from the viscera supplied by the three 
arteries with which the glands are associated. Some of their efferents pass to the 
retro-aortic lymph-glands, but the majority unite to form the intestinal trunk , 
which enters the cisterna chyli. The retro-aortic lymph-glands are placed 
below the cisterna chyli, on the bodies of the third and fourth lumbar vertebrse. 
They receive lymphatic vessels from the lateral and pre-aortie lymph-glands, 
while their efferents end in the cisterna chyli. 

2. The visceral lymph-glands are associated with the branches of the cceliac, 
and superior and inferior mesenteric arteries. Those related to the branches 
of the coeliac artery form three sets, gastric, hepatic, and pancreaticolienal. 

The gastric lymph-glands (figs. 767, 768) consist of two sets, superior and 
inferior. 

The superior gastric lymph-glands accompany the left gastric artery and are 
divisible into three groups, viz. ; (a) upper, on the stem of the artery ; (b) lower , 
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accompanying the descending branches of the artery along the cardiac half of 
the lesser curvature of the stomach, between the two layers of the lesser omentum ; 
and ( c ) paracardial , disposed in a manner comparable to a chain of beads around 
the neck of the stomach (Jamieson and Dobson).*' 51 They receive their afferents 
from the stomach, and also some vessels from the pylorus ; their efferents pass 
to the coeliac group of pre-aortic lymph-glands. 

The inferior gastric lymph-glands, four to seven in number, lie between the 
tw T o layers of the greater omentum along the pyloric half of the greater curvature 
of the stomach. They receive afferents from the stomach ; their efferents mostly 
pass to the subpyloric lymph-glands. 

The hepatic lymph-glands (fig. 767) consist of the following groups : 
(a) hepatic, on the stem of the hepatic artery, and extending upwards along 
the bile-duct, between the two layers of the lesser omentum, as far as the 
porta hepatis ; one member of this group, the cystic lymph-gland, is placed near 


Tig. 767. — The lymphatics of the stomach, &c. (Jamieson and Dobson.) 
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the neck of the gall-bladder ; (b) subpyloric, four or five in number, in close 
relation to the bifurcation of the gastroduodenal artery, in the angle between 
the superior and descending parts of the duodenum ; an outlying member 
of this group is sometimes found above the duodenum on the right gastric 
(pyloric) artery. The lymph-glands of the hepatic chain receive afferents 
from the stomach, duodenum, liver, gall-bladder, and pancreas ; their efferents 
join the coeliac group of pre-aortic lymph-glands. 

The pancreaticolienal lymph-glands (fig. 76B) accompany the lienal 
(splenic) artery, and are situated in relation to the posterior surface and upper 
border of the pancreas ; one or two members of this group are found in the 
gastrolienal ligament (Jamieson and Dobson, loc. cit.). Their afferents are 
derived from the stomach, spleen, and pancreas ; their efferents join the 
coeliac group of pre-aortic lymph-glands. 

b The superior mesenteric lymph-glands may be divided into three 
principal groups : mesenteric, ileocolic, and mesocolie. 

The mesenteric lymph-glands lie between the layers of the mesentery. They 
vary from one hundred to one hundred and fifty in number, and consist of 
three sets, viz. one lying close to the wall of the small intestine, amongst 
the terminal twigs of the superior mesenteric artery ; a second, in relation 

* J. K. Jamieson and J. F. Dobson, Lancet , April 20 and 27, 1907. 
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to the loops and primary branches of the jejunal and ileal vessels ; and a 
third along the upper part of the trunk of the superior mesenteric artery. 

Applied V. >;•'/. — Enlargement of the mesenteric lymph-glands is seen in most 

diseased vv-mi:: i- n- the intestinal tract, and is well marked in enteric fever, tuberculous 
ulceration or malignant growths of the bowel. The enlarged lymph-glands can often be 
palpated through the wall of the abdomen. 

The ileocolic lymph-glands (figs. 769, 770), from ten to twenty in number, 
form a chain around the ileocolic artery, but show a tendency to subdivision 
into two groups, one near the duodenum and another on the lower part of 


Fig. 768. — The lymphatics of the stomach, &c. The stomach has been turned 
upwa rds. (Jamieson and Dobson.) 



the trunk of the artery. Where the vessel divides into its terminal branches 
the chain is broken up into several groups, viz. : (a) ileal , in relation to the 
ileal branch of the artery ; (b) anterior ileocolic , usually of three glands, in 
the ileocolic fold, near the wall of the caecum ; (c) 'posterior ileocolic , mostly 
placed in the angle between the ileum and the colon, but partly lying behind 
the caecum at its junction with the ascending colon ; (d) a single gland in the 
mesenteriole of the vermiform process ; (e) right colic , along the medial side 
of the ascending colon. 

The mesocolic lymph-glands are numerous, and lie between the layers of 
the transverse mesocolon, in close relation to the transverse colon ; they are 
best developed in the neighbourhood of the right and left colic flexures. One 
or two small lymph-glands are occasionally seen along the trunk of the right 
colic artery, and others are found in relation to the trunk and branches of the 
middle colic artery. 

The superior mesenteric lymph-glands receive afferents from the jejunum, 
ileum, caecum, vermiform process, and the ascending and transverse parts of the 
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front of the transverse processes of the lumbar vertebrae, and is called the 
ascending lumbar vein ; it forms the most frequent origin of the corresponding 
azygos or hemiazygos vein, and serves to connect the common iliac, iliolumbar, 
and azygos or hemiazygos veins of its own side of the body. 

The testicular veins (spermatic veins) (fig. 695) emerge from the back 
of the testis, and receive tributaries from the epididymis ; they unite and form 
a convoluted plexus, called the pampiniform plexus which constitutes the 
greater mass of the spermatic cord and ascends along the cord, in front of the 
ductus deferens. Below the subcutaneous inguinal ring the veins of the plexus 
unite^ to form three or four veins, which pass along the inguinal canal, and, 
entering the abdomen through the abdominal inguinal ring, coalesce to form 
two veins, which run upwards in front of the Psoas major and the ureter, behind 
the peritoneum, lying one on either side of the testicular artery. These two 
veins join to form a single vessel, which opens on the right side into the inferior 
vena cava at an acute angle ; on the left side into the left renal vein at a right 
angle. The testicular veins are provided with valves.* The left vein passes 
behind the iliac parr of the descending colon and the lower margin of the 
pancreas, the right behind the terminal part of the ileum and the inferior part 
of the duodenum. 

Applied Anatomy. — The testicular veins are very frequently varicose, constituting the 
condition known as varicocele. Varicocele almost invariably occurs on bL LL side, and 
this has been accounted for by the facts that the left testicular vein joins the left renal at 
a right angle; that it is overlaid by the iliac part of the descending colon, and that when 
this portion of the gut is full of fsecal matter, in cases of >• . its weight impedes 

the return of the venous blood. 

The operation for the removal of a varicocele consists in making a small incision just 
over the subcutaneous inguinal ring; the cord is lifted out and the spermatic fasciae 
incised ; the plexus of veins is then isolated from the ductus deferens and ligatured above 
and below, as high and as low as possible, and the intermediate portion cut away; the 
divided ends are fixed together with a suture, and the skin wound closed. The venous 
return is subsequently carried out by tbe small veins of the ductus deferens, of the 
Cremaster and those connecting with the scrotal tissues. In removing a varicocele the 
testicular artery is generally removed at the same time. 

The ovarian veins in the female correspond with the testicular veins in the 
male ; each forms a plexus between the layers of the broad ligament near the 
ovary and uterine tube, and communicates with the uterine plexus. Tw r o veins 
issue from this plexus and ascend in front of the external iliac artery, one 
lying on either side of the ovarian artery. Their further course and their 
mode of termination are the same as those of the testicular veins. Valves 
are occasionally found in the ovarian veins. Like the uterine veins, they 
become much enlarged during pregnancy. 

The renal veins, of large size, are placed in front of the renal arteries, and 
almost at right angles to the inferior vena cava. The left is thrice the length 
of the right (7*5 cm. to 2*5 cm.), and passes in front of the aorta, just below 
the origin of the superior mesenteric artery. It receives the left testicular 
(or ovarian) vein, and one of the left inferior phrenic veins, and, generally, the 
left suprarenal vein. It opens into the inferior vena cava at a slightly higher 
level than the right. 

The suprarenal veins are two in number : the right ends in the inferior 
vena cava ; the left usually in the left renal. 

The inferior phrenic veins follow the course of the inferior phrenic 
arteries on the Diaphragm ; the right ends in the inferior vena cava ; the 
left is often represented by two branches, one of wdiich ends in the left renal 
or suprarenal vein, while the other passes in front of the oesophageal hiatus 
in the Diaphragm and opens into the inferior vena cava. 

The hepatic veins drain the liver, and commence in the intralobular veins 
which receive the blood from the sinusoids of the liver lobules. The intra- 
lobular veins open into the sublobular veins , and these in turn unite to form 
the hepatic veins which open into that portion of the inferior vena cava which 

* Bivington has pointed out that valves are usually found at the orifices of both the right 
and left testicular veins. When, however, valves are not found at the opening of the left testicular 
vein into the left renal vein, they are generally present in the left renal vein within 6 mm. from 
the orifice of the testicular vein. — Journal of Anatomy and Physiology , vol. vii. p. 163. 
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and obturator vessels, follow the course of the hypogastric artery, and ultimately 
join the lateral aortic lymph-glands. 

The lymphatic vessels of the perinceum and external genitals . — The lymphatic 
vessels of the perinseum, of the skin of the penis, and of the scrotum (or vulva) 
follow the course of the external pudendal vessels, and end in the superficial 
inguinal and subinguinal lymph-glands. Those of the glans penis (vel elitoridis) 
terminate partly in the deep subinguinal lymph-glands and partly in the 
external iliac lymph-glands. 

2. The visceral lymphatic vessels consist of : (1) those of the sub- 
diaphragmatic portion of the digestive tube and its associated glands, the 
liver and pancreas ; (2) those of the spleen and suprarenal glands ; (3) those 
of the urinary organs ; (4) those of the reproductive organs. 


Fig. 770. — -The lymphatics of the csecum and vermiform process. Posterior aspect. 

(Jamieson and Dobson.) 



(1) The lymphatic vessels of the subdiaphragmatic portion of the digestive 
tube are situated partly in the submucous tissue and partly in the sero- 
muscular coats, but as the former system drains into the latter, the two may 
be considered as one. 

The lymphatic vessels of the stomach (figs. 767, 768) are continuous at the 
cardiac orifice with those of the oesophagus, and at the pylorus with those of 
the duodenum. They mainly follow the blood-vessels, and may be arranged 
in four sets. The first set accompanies the branches of the left gastric artery, 
receives tributaries from a large area on both surfaces of the stomach, and 
terminates in the superior gastric lymph-glands. Those of the second set drain 
the fundus and body of the stomach on the left of a line drawn vertically from 
the oesophagus ; they accompany, more or less closely, the short gastric and 
left gastro-epiploic arteries, and end in the pancreaticolienal lymph-glands. 
The third set drains the right part of the greater curvature as far as the pyloric 
portion, and ends in the inferior gastric lymph-glands, the efferents of which 
pass to the subpyloric group. Those of the fourth set drain the pyloric portion 
and pass to the hepatic, subpyloric, and superior gastric lymph-glands. 

The lymphatic vessels of the duodenum consist of an anterior and a posterior 
set, which open into a series of small pancreaticoduodenal lymph-glands , on the 
anterior and posterior aspects of the groove between the head of the pancreas 

G.A. 2 b 



770 


ANGIOLOGY 


and the duodenum. The efferents of these glands run in two directions, 
upwards to the hepatic lymph-glands, and downwards to the pre- aortic 
lymph-glands around the origin of the superior mesenteric artery. 

The lymphatic vessels of the jejunum and ileum are termed lacteals , from the 
milk-white fluid they contain during intestinal digestion. They run between 
the layers of the mesentery and enter the mesenteric glands, the efferents 
from which end in the pre-aortic lymph -glands. 

The lymphatic vessels of the vermiform process and caecum (figs. 769, 770) 
are numerous, since in the wall of the vermiform process there is a large amount 
of lymphoid tissue. From the body and tail of the vermiform process eight to 


Fig. 771. — The lymphatics of the colon. (Jamieson and Dobson.) 



fifteen vessels ascend between the layers of the mesenteriole, one or two being 
interrupted in the lymph-gland which lies between the layers of this peritoneal 
fold. They unite to form three or four vessels, which end partly in the lower 
and partly in the upper lymph-glands of the ileocolic chain. The vessels from 
the root of the vermiform process and from the caecum consist of an anterior 
and a posterior group. The anterior vessels pass in front of the caecum, and 
end in the anterior ileocolic lymph-glands and in the upper and lower lymph- 
glands of the ileocolic chain ; the posterior vessels ascend over the back of 
the caecum and terminate in the posterior ileocolic lymph-glands and in the 
lower lymph-glands of the ileocolic chain. 

Lymphatic vessels of the colon (fig. 771). — The lymphatic vessels of the 
ascending and transverse parts of the colon end in the mesenteric lymph-glands, 
after traversing the right colic and mesocolic lymph-glands. Those of the 
descending and sigmoid parts of the colon are interrupted by the small lymph- 
glands on the branches of the left colic and sigmoid arteries, and ultimately end 
in the pre-aortic lymph-glands around the origin of the inferior mesenteric artery. 
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common iliac veins by the ascending lumbar veins, and with many of the tributaries of 
the inferior vena cava. 

Thrombosis of the superior vena cava is oft-enest due to pressure exerted on the vessel 
by an aneurysm or a tumour ; it may also occur by propagation of clotting from a tribu- 
tary peripheral vein. If occlusion of the vessel take place slowly, a collateral venous 
circulation may be established; the patient will have some oedema with dilatation and 
congestion of the veins about the head and neck, and may also suffer from attacks of 
dyspnoea and recurrent pleural effusion. In most cases, however, the blockage of the 
superior cava takes place rapidly, and is rapidly fatal. 

The bronchial veins, usually two on either side, return the blood from the larger 
bronchi, and from the structures at the roots of the lungs ; those of the right side 
open into the terminal part of the vena azygos ; those of the left side, into the 
left superior intercostal vein or the accessory hemiazygos vein. Some of the blood 
carried to the lungs through the bronchial arteries is returned to the heart through 
the pulmonary veins. 


The Veins of the Vertebral Column (figs. 742, 743) 

The veins which drain the blood from the vertebral column, the neighbouring 
muscles, and the meninges of the medulla spinalis form intricate plexuses extending 

along the entire length of the 
column ; these plexuses are di- 
visible into two groups, external 
and internal, according to their 
positions outside or inside the 
vertebral canal. The plexuses 
of the two groups anastomose 
freely with each other, and end 
in the intervertebral veins. 

The external vertebral venous 
plexuses, best marked in the cer- 
vical region, consist of anterior 
and posterior plexuses which 
anastomose freely with each 
other. The anterior external 
plexuses lie in front of the bodies 
of the vertebrae, communicate 
with the basivertebral and inter- 
vertebral veins, and receive 
tributaries from the vertebral 
bodies. The posterior external 
plexuses are placed partly on 
the posterior surfaces of the 
vertebral arches and their pro- 
cesses, and partly between the 
deep dorsal muscles. In the cervical region they anastomose with the vertebral, 
occipital, and deep cervical veins. 

The internal vertebral venous plexuses lie within the vertebral canal between 
the dura mater and the vertebrae, and receive tributaries from the bones and 
from the medulla spinalis. They form a closer network than the external plexuses, 
and, runniiig mainly in a vertical direction, form four longitudinal veins, tw T o 
in front and two behind ; they therefore may be divided into anterior and posterior 
groups. The anterior internal plexuses consist of large veins which lie on the posterior 
surfaces of the vertebral bodies and intervertebral fibrocartilages, on either side of 
the posterior longitudinal ligament ; under cover of this ligament they are connected 
by transverse branches into which the basivertebral veins open. The posterior 
internal plexuses are placed one on either side of the middle line in front of the 
vertebral arches and ligamenta flava, and anastomose, bv veins passing through 
those ligaments, with the posterior external plexuses. 

The anterior and posterior internal plexuses communicate freely with one 
another by a series of venous rings, one opposite each vertebra. Around the 
foramen magnum they form an intricate network which opens into the vertebral 


Fig. 742. — A transverse section through a thoracic 
vertebra, showing the vertebral venous plexuses. 


Posterior external plexuses 
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The lymphatic vessels of the kidney form three plexuses ; one in the substance 
of the kidney, a second beneath its fibrous capsule, and a third in the perinephric 
fat ; the second and third communicate freely with each other. 

The vessels from the plexus in the substance of the kidney converge to form 
four or five trunks which issue at the hilum. Here they are joined by vessels 
from the plexus under the capsule, and, following the course of the renal vein, 
end in the lateral aortic lymph-glands. The perinephric plexus is drained 
directly into the upper lateral aortic lymph-glands. 

The lymphatic vessels of the ureter run in different directions. Those from 
its upper portion end partly in the efferent vessels from the kidney and partly 
in the lateral aortic lymph-glands ; those from the portion immediately above 
the brim of the lesser pelvis are drained into the common iliac lymph-glands ; 
while the vessels from the intrapelvic portion of the tube either join the efferents 
from the bladder, or end in the hypogastric lymph-glands. 


Fig. 772. — The lymphatics of the urinary bladder. (Cuneo and Marcille.) 
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The lymphatic vessels of the urinary bladder (fig. 772) begin in two plexuses, 
an intra- and an extra- muscular, it being generally admitted that the mucous 
membrane is devoid of lymphatics.* The efferent vessels are arranged in two 
groups, one from the anterior and another from the posterior surface of the 
bladder. The vessels from the anterior surface pass to the external iliac 
lymph-glands, though there are also some minute lymph-glands distributed 
along the course of the vessels. These minute lymph-glands are arranged 
in two groups, an anterior vesical , in front of the bladder, and a lateral vesical , 
in relation to the lateral umbilical ligament. The vessels from the posterior 
surface pass to the hypogastric, external, and common iliac lymph-glands ; 
those draining the upper part of this surface traverse the lateral vesical lymph- 
glands. 

The lymphatic vessels of the prostate (fig. 773) terminate chiefly in the hypo- 
gastric and sacral lymph-glands, but one trunk from the posterior surface ends 

* Some authorities maintain that a plexus of lymphatic vessels does exist in the mucous 
membrane of the bladder (consult Medecine operatoire des Voies urinaires , par J. Albarran. 
Paris, 1909). 
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in the external iliac lymph-glands, and another from the anterior surface joins 
the vessels which drain the membranous part of the urethra. 

Lymphatic vessels of the urethra. — The lymphatics of the cavernous portion 
of the urethra accompany those of the glans penis, and end with them in the 
superficial and deep subinguinal and external iliac lymph-glands. Those of 
the membranous and prosiatic portions, and those of the "whole urethra in the 
female, pass to the hypogastric lymph-glands. 


Fig. 773. — The lymphatics of the prostate. (Cuneo and Marcille.) 



a, b. External iliac lymph-glands, c. Vessel draining into external iliac lymph-glands, d. Betro- 
prostatic lymph-glands, e. Vessels draining into lymph-gland on sacral promontory. /. Lymph- 
gland in front of sacral promontory, g. Lateral sacral lymph-glands, n. Middle hsemorrhoidal 
lymph-gland, i . Middle hsemorrhoidal lymphatic vessels. 


(4) The lymphatic vessels of the reproductive organs . 

The lymphatic vessels of the testis consist of two^ sets, superficial and deep, 
the former commencing on the surface of the tunica vaginalis,^ the latter^ in 
the epididymis and body of the testis. They form from four to eight collecting 
trunks which ascend with the testicular veins in the spermatic cord and along 
the front of the Psoas major, to end in the lateral and pre-aortic groups of 
lumbar lymph-glands.* 

The lymphatic vessels of the ductus deferens pass to the external mac lymph- 
glands ; those of the vesiculce seminales go partly to the hypogastric and 
partly to the external iliac lymph-glands. 


* * 


The lymphatics of the testicle,* by J. K, Jamieson and J. F. Dobson, Lancet » Feb. 19, 


1900. 
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The lymphatic vessels of the ovary are similar to those of the testis, and 
ascend with the ovarian artery to the lateral and pre- aortic lymph-glands. 

The lymphatic vessels of the uterine tube pass partly with those of the ovary 
and partly with those of the uterus. 

The lymphatic vessels of the uterus (fig. 774) consist of two sets, superficial 
and deep, the former being placed beneath the peritoneum, the latter in the 
substance of the organ. The lymphatics of the cervix uteri run in three 
directions : transversely to the external iliac lymph-glands, posterolaterally 


Fig. 774. — The lymphatics of the uterus. (Cuneo and Marcille.) 



a. Efferents'- to lateral aortic !^.r>h-qrlands. 6, c, d. Efferents to external iliac lymph-glands. 
e. Network on laroral esproi. ■;.■■■' cor. ix liieri. /. Lymph-glands in front of sacral promontory, g. Effe- 
rents to lymph-glands in front of sacral promontory, h. Hypogastric lymph-glands, i. Lateral sacral 
lymph-glands, j. Vessels draining into hypogastric lymph-glands. Jc. Vessels passing to lateral 
sacral lymph-glands. 

to the hypogastric lymph-glands, and posteriorly to the common iliac lymph- 
glands. The majority of the vessels of the body and fundus of the uterus pass 
lateralwards in the upper parts of the broad ligaments, and ascend alongside 
the ovarian vessels to the lateral and pre-aortic lymph-glands ; a few, however, 
run to the external iliac lymph-glands, and one or two run along the round 
ligament of the uterus to the superficial inguinal lymph-glands. In the 
unimpregnated uterus the lymphatic vessels are very small, but during 
gestation they are greatly enlarged. 

The lymphatic vessels of the vagina are carried in three directions : those of 
the upper part to the external iliac lymph-glands, those of the middle part 
to the hypogastric lymph-glands, and those of the lower part to the common 
iliac lymph-glands. On the course of the vessels from the middle and lower 
parts small lymph-glands are situated. Some lymphatic vessels from the 
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lower part of the vagina join those of the vulva and pass to the superficial 
inguinal lymph-glands. The lymphatic vessels of the vagina anastomose with 
those of the cervix uteri, vulva, and rectum, but not with those of the bladder. 


THE LYMPH-GLANDS OF THE THORAX 

The lymph-glands of the thorax may be divided into: 1. parietal and 
2. visceral — the former being situated in the thoracic wall, the latter in 
relation to the viscera. 

1. The parietal lymph-glands include the 
sternal, intercostal, and diaphragmatic glands. 

(a) The sternal or internal mammary lymph- 
glands are four or five in number on each side, 
and are placed (fig. 775) at the anterior ends of 
the intercostal spaces, by the side of the internal 
mammary artery.* They derive afferents from 
the mamma, from the deeper structures of the 
anterior abdominal wall above the level of the 
umbilicus, from the upper surface of the liver 
through a small group of lymph-glands which lies 
behind the xiphoid process, and from the deeper 
parts of the anterior portion of the thoracic wall. 

Their efferents usually unite to form a single trunk 
on either side ; this may open directly into the 
junction of the internal jugular and subclavian 
veins, or that of the right side may join the right 
subclavian trunk, and that of the left the thoracic 
duct. 

(b) The intercostal lymph-glands lie in the 
posterior parts of the intercostal spaces and in 
front of the heads of the ribs. They receive the 
deep lymphatics from the posterolateral aspect of 
the chest; some of these vessels are interrupted 
by small lateral intercostal lymph -glands. The 
efferents of the lymph-glands in the lower four or 
five spaces unite to form a trunk, which descends 
and opens either into the ci sterna chyli or into 
the commencement of the thoracic duct. The 
efferents of the lymph-glands in the upper spaces of the left side end in the 
thoracic duct ; those of the corresponding right spaces, in the right lymphatic 
duct. 

(c) The diaphragmatic lymph-glands lie on the thoracic aspect of the 
Diaphragm, and consist of three sets, anterior, middle, and posterior. 

The anterior set comprises (a) two or three small lymph-glands behind the 
base of the xiphoid process, which receive afferents from the convex surface 
of the liver, and ( b ) one or two lymph-glands on either side near the junction 
of the seventh rib with its cartilage, which receive lymphatic vessels from 
the front part of the Diaphragm. The efferent vessels of the anterior set 
pass to the sternal lymph-glands. 

The middle set consists of two or three lymph-glands on either side close 
to where the phrenic nerves enter the Diaphragm. On the right side some of 
the lymph-glands of this group lie within the fibrous wall of the pericardium, 
on the front of the termination of the inferior vena cava. The afferents of 
this set are derived from the middle part of the Diaphragm, those on the right 
side also receiving afferents from the convex surface of the liver. Their efferents 
pass to the posterior mediastinal lymph-glands. 

• The posterior set consists of a few lymph-glands situated on the back of the 
crura of the Diaphragm, and connected on the one hand with the lumbar 
lymph-glands, and on the other with the posterior mediastinal lymph-glands. 

* E. P. Sfcibbe, Journal of Anatomy > vol* 52. 


Fig. 775. — The right sternal 
or internal mammary lymph- 
glands (E. P. Stibbe). 
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2. The visceral lymph-glands consist of three groups, viz. anterior 
mediastinal, posterior mediastinal, and tracheobronchial. 

The anterior mediastinal lymph-glands are placed in the anterior part 
of the superior mediastinal cavity, in front of the aortic arch and in relation 
to the innominate veins and the large arterial trunks which arise from the 
aortic arch. They receive afferents from the thymus and pericardium, and 
from the sternal lymph-glands ; their efferents unite with those of the tracheo- 
bronchial lymph-glands, to form the right and left bronchomediastinal trunks. 


Fig. 776. — The tracheobronchial lymph-glands. (From a figure designed by M. Halle.) 
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The posterior mediastinal lymph-glands lie behind the pericardium in 
relation to the oesophagus and descending thoracic aorta. Their afferents are 
derived from the oesophagus, the posterior part of the pericardium, the Dia- 
phragm, and the convex surface of the liver. Their efferents mostly end in 
the thoracic duct, but some join the tracheobronchial lymph-glands. 

The tracheobronchial lymph-glands (fig. 776) form four main groups, 
and include some of the largest lymph-glands in the body : (a) tracheal , on 
either side of the trachea ; (b) bronchial , in the angles between the lower part 
of the trachea and bronchi, and in the angle between the two bronchi ; (c) 
bronchopulmonary , in the hilum of each lung ; and (d) pulmonary , in the lung 
substance, on the larger branches of the bronchi. The afferents of the tracheo- 
bronchial lymph-glands drain the lungs and bronchi, the thoracic part of 
the trachea, and the heart ; some of the efferents of the posterior mediastinal 
lymph-glands also end in this group. Their efferent vessels ascend upon 
the trachea and unite with efferents of the internal mammary and anterior 
mediastinal lymph-glands to form the right and left bronchomediastinal trunks . 
The right bronchomediastinal trunk may join the right lymphatic duct, and 
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the left the thoracic duct, but more frequently they open independently of 
these ducts into the junction of the internal jugular and subclavian veins 
of their own side. 

Applied Anatomy . — In all town-dwellers there are continually being swept into these 
lymph-glands from the bronchi and alveoli large quantities of the dust and black car- 
bonaceous pigment that are so freely inhaled in cities. At first the lymph-glands are 
moderate! v enlarged, firm, inky black and gritty on section; later they enlarge still 
v, < becoming fibrous from the irritation set up by the minute foreign bodies 
with which they are crammed, and may break dowm into a soft slimy mass or may calcify. 
In tuberculosis of the lungs these lymph-? 1 . and? are practically always infected; they 
enlarge, being filled with tuberculous deposhs hat may soften, or become fibrous, or 
calcify. Not infrequently an enlarged mbwcw :.? lymph-gland perforates into a bron- 
chus, discharging its contents into the tube. When this happens there is great danger of 
acute pulmonary tuberculosis, the infecting gland-substance being rapidly spread through- 
out the bronchial system by the couching *>s presence in the air-passages excites. 

Tuberculous infection with consider!; b: :■ enlargement of the tracheobronchial glands 
is common in children. It produces a characteristic patch of impaired resonance on 
percussion, with increase in the vocal fremitus and resonance and harsh bronchial breath- 
sounds-, over a dmmrnd-s^npod area on the back about the region of the third, fourth and 
fifth thoracic vormbro; spine?. It is thought, too, that enlargement of these glands pro- 
duces an irritative dry cough in children, by pressure on the pulmonary nerves in their 
neighbourhood. 


THE LYMPHATIC VESSELS OF THE THORAX 

The lymphatic vessels of the thorax may be divided into : 1. those of the 
thoracic wall and 2. those of the thoracic viscera. 

1. The superficial lymphatic vessels of the thoracic wall ramify beneath the 
skin and converge to the axillary lymph-glands. Those over the Trapezius 
and Latissimus dorsi run forwards and unite to form about ten or twelve 
trunks which end in the subscapular group. Those over the pectoral region, 
including the vessels from the skin covering the peripheral part of the mamma, 
run backwards, and those over the Serratus anterior upwards, to the pectoral 
group. Others near the lateral margin of the sternum pass nrwards between 
the rib cartilages and end in the sternal lymph-glands, while the vessels of 
opposite sides anastomose across the front of the sternum. A few vessels 
from the upper part of the pectoral region ascend over the clavicle to the 
inferior deep cervical lymph-glands. 

The lymphatic vessels of the mamma originate in a plexus in the interlobular 
spaces and on the walls of the galactophorous ducts. Those from the central 
part of the mamma pass to an intricate plexus situated beneath the areola, a 
plexus which receives also the lymphatics from the skin over the central part 
of the mamma and those from the areola and nipple. Its efferents are collected 
into two trunks which pass to the pectoral group of axillary lymph-glands. The 
vessels which drain the medial part of the mamma pierce the thoracic wall 
and end in the sternal lymph-glands, while a vessel occasionally emerges from 
the upper part of the mamma, and, piercing the Pectoralis major, terminates 
in the sub clavicular lymph-glands (fig. 761). 

The deep lymphatic vessels of the thoracic wall consist of : 

(a) The lymphatic vessels of the muscles which lie on the ribs : most of these 
end in the axillary lymph-glands, but some from the Pectoralis major pass to 
the sternal lymph-glands. ( b ) The intercostal lymphatic vessels which drain 
the Intercostales and parietal pleura. Those draining the Intercostales externi 
run backwards and, after receiving the vessels which accompany the posterior 
branches of the intercostal arteries, end in the intercostal lymph-glands. 
Those of the Intercostales interni and parietal pleura consist of a single trunk 
in each space. These trunks run forwards in the subpleural tissue, and the 
upper six open separately into the sternal lymph-glands or into the vessels 
which unite them ; while those of the lower spaces join to form a single trunk 
which terminates in the lowest of the sternal lymph-glands, (c) The lymphatic 
vessels of the Diaphragm, which form two plexuses, one on its thoracic and 
another on its abdominal surface ; these plexuses anastomose freely with each 
other, and are best marked on the parts covered respectively by the pleurae and 
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peritoneum. The plexus on the thoracic surface unites with the lymphatics 
of the costal and mediastinal parts of the pleura, and its efferents consist of 
three groups : anterior, passing to the lymph-glands which lie near the junction 
of the seventh rib with its cartilage ; middle, to the lymph -glands on the 
oesophagus and to those around the termination of the inferior vena cava ; 
and posterior, to the lymph-glands which surround the aorta at the point 
where this vessel leaves the thoracic cavity. The plexus on the abdominal 
surface is composed of fine vessels, and anastomoses with the lymphatics 
of the liver and, at the periphery of the Diaphragm, with those of the sub- 
peritoneal tissue. The efferents from the right half of this plexus terminate 
partly in a group of lymph -glands on the trunk of the corresponding inferior 
phrenic artery, while others end in the right lateral aortic lymph -glands. Those 
from the left half of the plexus pass to the pre- aortic and lateral aortic lymph- 
glands and to the lymph-glands on the terminal portion of the oesophagus. 

2. The lymphatic vessels of the thoracic viscera comprise those of the heart 
and p ricardium, lungs an I pleura, thymus, and oesophagus. 

The lymphatic vessels of the heart consist of two plexuses : ( a ) deep, 

immediately under the endocardium, and (b) superficial, subjacent to the 
visceral pericardium. The deep plexus opens into the superficial, the efferents 
of which form left and right collecting trunks. The left trunks, two or three 
in number, ascend in the anterior longitudinal sulcus, receiving, in their course, 
vessels from both ventricles. On reaching the coronary sulcus they are joined 
by a large trunk from the diaphragmatic surface of the heart, and then unite 
to form a single vessel which ascends between the pulmonary artery and the 
left atrium, and ends in one of the tracheobronchial lvmph-glands. The right 
trunk receives its afferents from the right atrium and from the right border 
and diaphragmatic surface of the right ventricle. It ascends in the posterior 
longitudinal sulcus and then runs forward in the coronary sulcus, and passes 
up behind the pulmonary artery, to end in one of the tracheobronchial 
lymph-glands. 

The lymphatic vessels of the lungs originate in two plexuses, a superficial 
and a deep. The superficial plexus is placed beneath the pulmonary pleura ; 
the deep accompanies the branches of the pulmonary vessels and the 
ramifications of' the bronchi. In the case of the larger bronchi the deep plexus 
consists of two networks — a submucous, beneath the mucous membrane, 
and a peribronchial, outside the walls of the bronchi. In the smaller bronchi 
there is but a single plexus, which extends as far as the bronchioles, but fails 
to reach the alveoli, in the walls of which there are no traces of lymphatic 
vessels. The superficial efferents turn round the borders of the lungs and 
the margins of their fissures, and converge to end in some lymph-glands situated 
at the hilum ; the deep efferents are conducted to the hilum along the pul- 
monary vessels and bronchi, and end in the tracheobronchial lymph-glands. 
Little or no anastomosis occurs between the superficial and deep lymphatics 
of the lungs, except in the region of the hilum. 

The lymphatic vessels of the pleura consist of two sets — one in the visceral 
and another in the parietal part of the membrane. Those of the visceral 
pleura drain into the superficial efferents of the lung, wMe those of the parietal 
pleura have three modes of ending, viz. : (a) those of the costal portion join 
the lymphatics of the Intercostales interni and so reach the sternal lymph- 
glands ; ( b ) those of the diaphragmatic part are drained by the efferents of the 
Diaphragm ; while (c) those of the mediastinal portion end in the posterior 
mediastinal lymph-glands. 

The lymphatic vessels of the thymus end in the anterior mediastinal, tracheo- 
bronchial, and sternal lymph-glands. 

The lymphatic vessels of the oesophagus form a plexus round that tube, and 
the collecting vessels from the plexus drain into the posterior mediastinal 
lymph-glands. 



NEUROLOGY 


T HE nervous system is the most complicated and highly organised of the 
human body. It is built up of nervous and non-nervous tissues — the 
former consisting of nerve- cells and nerve-fibres, the latter of neuroglia and 
blood-vessels, together with certain enveloping membranes. 

The minute structure of the nervous elements and neuroglia is described 
on pp. 32 to 39, and an outline of the development of the nervous system, is 
given on pp. 85 to 100. 

The nervous system can be resolved into two subsidiary systems, the cerebro- 
spinal and the autonomic, which however are intimately intermingled. 

The cerebrospinal system is composed of a central and a peripheral part. 
The central part consists of an upper expanded portion, the encephalon or brain , 
contained within the cranium, and a lower, elongated, cylindrical portion, the 
medulla spinalis or spinal cord , lodged in the upper part of the vertebral canal. 
The two portions are united at the level of the upper border of the atlas vertebra, 
and together constitute the central nervous system or cerebrospinal axis. The 
peripheral part consists of the cerebrospinal nerves which unite the central 
nervous system to the various parts of the body, and are associated with the 
functions of the special and general senses, and with the voluntary movements 
of the body. There are forty-three pairs of these nerves — twelve cerebral , 
attached to the brain, and thirty-one spinal , to the medulla spinalis. Three 
pairs of the cerebral nerves, viz. the olfactory, the optic, and the acoustic, are 
connected with special sense-organs, and differ somewhat in their arrangement 
from the others, as wdll be subsequently described. The other cerebral nerves 
and all the spinal nerves are composed of fibres which arise from nerve -cells 
situated either in the central nervous system or in ganglia on the roots of the 
nerves. 

The autonomic system transmits impulses which govern the calibre of the 
blood-vessels, regulate the movements of the viscera and iris, stimulate the 
Arrectores pilorum and excite the secretory glands. Like the cerebrospinal' 
system it consists of a central and a peripheral portion. The central part 
consists of groups of nerve-cells situated in certain regions of the central nervous 
system. The peripheral part is composed of fibres which arise from these 
nerve-cells, and emerge in certain of the cerebral and spinal nerves. The fibres 
of the autonomic system never ran continuously from their origin in the central 
nervous system to their areas of distribution, but always end in ganglia ; from 
the nerve-cells of these ganglia new fibres arise and pass to their areas of dis- 
tribution without further interruption. Autonomic nerves, therefore, consist 
of (a) preganglionic fibres, usually medullated, which spring from cells in the 
central nervous system and end in ganglia, and (6) postganglionic fibres, usually 
non-medullated, arising from cells in these ganglia and passing to their areas 
of distribution. The autonomic system consists of two subsidiary systems, 
the parasympathetic and the sympathetic. 

The parasympathetic system is found at the cranial and sacral ends of the 
autonomic system. The cranial parasympathetic fibres issue from groups of 
nerve-cells in the mid-brain and medulla oblongata, and run in the oculomotor, 
facial, glossopharyngeal, vagus and accessory cerebral nerves. The sacral 
parasympathetic fibres issue from cells in the sacral part of the medulla spinalis 
and run in the second, third and fourth sacral nerves to the nerve-plexuses of 
the pelvis. 

The sympathetic system is represented by two chains of central ganglia, 
placed one on either side of the middle line of the vertebral column, and 
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connected centrally with nerve-cells in the thoracic and lumbar parts of the 
medulla spinalis ; "from the ceils of the central ganglia peripheral fibres run 
to form intricate plexuses, in many of which ganglia are found ; from these 
plexuses the ultimate branches of distribution arise. 

The chief involuntary structures, e.g. glands, viscera, etc., receive a double 
nerve-supply, parasjunpat-hetic and sympathetic, and these two systems are 
physiologically antagonistic ; thus impulses through the parasympathetic fibres 
inhibit, while those through the sympathetic fibres accelerate, the movements 
of the heart. ; again impulses through the parasympathetic fibres contract, 
while those through the sympathetic fibres dilate, the pupil. 


The Structure of the Peripheral Nerves and Ganglia 

The cerebrospinal nerves consist of numerous nerve-fibres collected into bundles, 
which are enclosed in membranous sheaths (fig. 777) ; a small bundle of fibres is 
called a funiculus . Each funiculus is surrounded by a sheath, the perineurium : 


Fig. 777. — A transverse section through two funiculi of a human tibial nerve. 
Stained with haematoxylin. x 30. 



this consists of a fine, smooth, transparent membrane, made up of connective tissue, 
which has a lamellar arrangement ; the sheath may be easily separated, in the 
form of a tube, from the fibres it encloses. The nerve-fibres are held together and 
supported within the funiculus by delicate connective tissue called the endoneurium ; 
it is continuous with septa which pass inwards from the perineurium, and shows a 
ground substance in which are embedded fine bundles of fibrous connective tissue 
running for the most part longitudinally. If the nerve be small, it may consist 
of only a single funiculus ; but if large, it consists of several funiculi held together 
and invested by connective tissue ; this investment is known as the epineurium. 
The cerebrospinal nerves consist almost exclusively of medullated nerve-fibres, only 
a very small proportion of non-medullated fibres being present. 

The blood-vessels supplying a nerve end in a minute plexus of capillaries which 
pierce the perineurium, and run, for the most part, parallel with the fibres ; they 
are connected together by short, transverse vessels, forming narrow, oblong meshes, 
similar to the capillary system of muscle. Fine non-medullated nerve-fibres, 
vasomotor fibres , accompany these vessels, and break up into elementary fibrils 
which form a network around them. Medullated fibres, termed nervi nervorum , run 
in the epineurium and terminate in small spheroidal tactile corpuscles or end-bulbs 
of Krause. 
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The cerebrospinal nerve-.fi.bres pursue an uninterrupted coarse from the centre 
to the periphery, but in separating a nerve into its component funiculi, it may be 
seen that bundles of fibres from one funiculus occasionally join, at a very acute 
angle, another funiculus proceeding in the same direction. 

Nerves, in their course, subdivide into branches, and these frequently communi- 
cate with branches of neighbouring nerves ; such communications form what is 
called a nerve-jplexus. Sometimes a plexus is formed by the nrimarv branches of 
the trunks of the nerves — as, for example, the cervical, brachial. lumbar, and sacral 
plexuses — and occasionally by the terminal funiculi, as in the plexuses formed at 
the periphery of the body. In the formation of a plexus, the component nerves 
divide, then join, and again subdivide in such a complex manner that the individual 
funiculi become intricately interlaced ; so that each branch leaving a plexus may 
contain filaments from all the primary nervous trunks entering the plexus. In the 
formation also of smaller plexuses at the periphery of the body there is a free inter- 
change of funiculi and fibres. In each case, however, the individual fibres remain 
separate and distinct. 

Through this interchange of fibres, every nerve leaving a plexus gains a more 
extensive connexion with the medulla spinalis than if it had proceeded direct to 
its distribution without joining other nerves. Consequently the parts supplied by 
these nerves have more extended relations with the nervous centres ; by this means 
also, groups of muscles may be associated for combined action. 

The autonomic nerves consist largely of non-medullated fibres, collected in 
funiculi and enclosed in sheaths of connective tissue. There is, however, in these 
nerves a certain admixture of medullated fibres ; thus, the cervical portions 
of the sympathetic trunk, and the splanchnic nerves contain many medullated 
preganglionic fibres. 

The cerebrospinal and autonomic nerve-fibres convey various impressions. 
The sensory nerves, called also centripetal or afferent nerves, transmit to the nervous 
centres impressions made upon the peripheral ends of the nerves, and in this way 
the mind, through the medium of the brain, becomes conscious of external objects. 
The centrifugal or efferent nerves transmit impressions from the nervous centres 
to the parts to which they are distributed, these impressions either exciting muscular 
contraction, or influencing the process of secretion and possibly the processes of 
nutrition and growth. 

Origins of nerves. — The origin of a nerve is in some cases single — that is to say, 
the whole nerve emerges from the nervous centre by a single root ; in other 
instances the nerve arises by two or more roots. The point where the nerve-root 
or roots emerge from the surface of the nervous centre is named the superficial or 
apparent origin, but the fibres of the nerve can be traced to groups of nerve-cells 
in the grey substance of the nervous centre ; these cell-groups constitute the deep 
or real origin of the nerve. The centrifugal or efferent nerve-fibres originate in the 
nerve-cells of the grey substance of the central nervous system, the axis-cylinder 
processes of these cells being prolonged to form the nerve-fibres. The centripetal 
or afferent nerve-fibres spring from nerve-cells in the organs of special sense (e.g. the 
retina) or from nerve-cells in the ganglia. Having entered the nerve-centre they 
branch and send their ultimate twigs among ifcs cells, without, however, uniting 
with them. 

Peripheral terminations of nerves. — Nerve-fibres terminate peripherally in 
various ways, and these may be conveniently studied in the sensory and motor 
nerves respectively. The terminations of the sensory nerves are dealt with in the 
section on the sense-organs. 

Motor nerves can be traced to either unstriped or striped muscular fibres. In 
the unstriped or involuntary muscles the nerves divide into numerous branches 
which communicate and form fine plexuses. At the junctions of the branches small 
nucleated bodies (ganglion-cells) are situated. From tbe plexuses minute branches 
are given off, which divide and break up into the ultimate fibrils of which the nerves 
are composed. These fibrils course between the involuntary muscle-cells, and, 
according to Elischer, terminate on the surface of the cells, opposite the nuclei, in 
minute swellings. 

In the striped or voluntary muscle the nerves enter the sheath of the muscle, break 
up into fibres or bundles of fibres which form plexuses, and gradually divide until, 
as a rule, a single nerve-fibre enters a single muscular fibre ; if the muscular fibre 
be long, more than one nerve-fibre may enter it. Within the muscular fibre 
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the nerve ends in a special expansion, called by Kuhne, who first described it 
accurately, a motor end-plate (fig. 778). The nerve-fibre, on approaching the 
muscular fibre, suddenly loses its medullary sheath, the neurolemma becomes 
continuous with the sarcolemma of the muscle, and only the axis-cylinder enters 


Fig. 778. — Muscular fibres of Lacerta viridis with the terminations of nerves. 



a. Seen in profile. P.P. The motor end-plate. S.S. The base of relate, consists r: of a granular 
mass with nuclei. 6. The same as seen in looking at a perfectly : vsis -lore. norw-eri.is being pro- 
bably < till (ixciinbl.;:. (The forms of the variously divided plate can V be revreserr-.'d !m i\ woodent 
by suilicienUy d-.-iica;e .vu! r-.-.i-' wrii-srsto reproduce correctly w:u:; !■■ -■<■*'. Ip JS';:.; The same 
as seen two hour? afier drath ;:>m p.> ! -o:.iag by curare. 


the muscular fibre. There it ramifies immediately beneath the sarcolemma, and 
becomes imbedded in a layer of granular matter, containing a number of clear, 
oblong nuclei, the whole constituting a motor end-plate from which the contractile 
wave of the muscular fibre is said to start. 


Fig. 779. — A transverse section through a human spinal ganglion. Stained with 
methyl blue. Note the brown pigment in some of the ganglion cells, x 60. 



Ganglia are small aggregations of nerve-cells. They are found on the posterior 
roots of the spinal nerves ; on the sensory roots of the trigeminal, facial, glosso- 
pharyngeal, and vagus nerves, and on the acoustic nerves. They are also found 
in connexion with the sympathetic nerves. They consist of a reddish-grey 
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Fig. 780. — Three types of nerve- cells 
from a spinal cramrlbn of a cat. Stained 
with *UL-rr:at-/.\ yliii and eosin. X 350. 
(The nuclei of the cells lining the cap- 
sule are shown in the left-hand figure 
only.) 
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substance, traversed by numerous white nerve-fibres, and vary considerably in form 
and size ; the largest are found in the cavity of the abdomen ; the smallest, not 
visible to the naked eye, exist in consider- 
able numbers upon the nerves distributed 
to the viscera. Each ganglion is invested 
by a smooth, firm, membranous envelope, 
consisting of dense areolar tissue; this 
envelope is continuous with the perineur- 
ium of the nerves, and sends numerous 
processes into the interior of the ganglion. 

Ganglia consist of nerve-cells and nerve- 
fibres.* Each nerve-cell has a nucleated 
capsule which is continuous with the neuro- 
lemma of the nerve-fibre connected with 
the cell. The nerve-cells in the ganglia 
of the spinal nerves (figs. 779, 780) are 
spherical in shape, and each gives off a 
single fibre which runs towards the centre 
of the ganglion, and divides in a T-shaped 

manner ; one limb of the cross-bar enters ; ■ ' 

the medulla spinalis, the other passes out- 
wards to the periphery. Some of these fibres are medullated, others are non- 
medullated. In the sympathetic ganglia (Fig. 781) the nerve-cells are multipolar, 
and each has one axis-cylinder process and several dendrons ; the axon emerges 
from the ganglion as a non-medullated nerve-fibre; some dendrons form networks 
(glomeruli) wirliin the cell-capsules; others pierce the cell- capsules. The spinal 
and sympathetic ganglia differ somewhat in the size and disposition of the nerve- 
cells and in the number of nerve-fibres entering and leaving them. In the spinal 
ganglia (fig. 779) the nerve-cells are much larger and for the most part collected in 
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Fig. 781. — A section through a human sympathetic ganglion. Stained with 
h sematoxvlin and eosin. x 60. 



groups near the periphery, while the fibres, which are mostly medullated, traverse 
the central portion of the ganglion ; in the sympathetic ganglia (fig. 781) the cells 
are smaller and distributed in irregular groups throughout the whole ganglion ; 
the fibres also are irregularly scattered ; some of those entering are medullated, 
while many leaving the ganglion are non-medullated. 
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Neuron theory. — The nerve-cell and its processes collectively constitute what is 
termed a neuron , and Waldeyer formulated the theory that the nervous system is "built up 
of numerous neurons, c anatomically and genetically independent of one another.’ 
According to this neuron theory the processes of one neuron only come into contact, and 
are never in direct continuity, with those of other neurons ; impulses being transmitted 
from one nerve-cell to another through the points of contact. This theory is based on 
the following facts, viz. : (1) each neuron is derived from a single embryonic nerve-cell or 
neuroblast ; (2) when nervous tissues are stained by the Golgi method no continuity is 
seen even between neighbouring neurons ; and (3) when degenerative changes occur in 
nervous tissue, either as the result of disease or experiment, they never spread from one 
neuron to another, but are limited to the individual neurons, or groups of neurons, 
primarily affected. It must, how r ever, be added that the validity of the neuron theory 
has been called in question by certain eminent histologists who maintain that, by the 
employment of more delicate histological methods, minute fibrils can be followed from 
one nerve-cell into another. 


The Medulla Spinalis or Spinal Cord 

The medulla spinalis or spinal cord is the elongated, nearly cylindrical, 
part of the central nervous system which occupies the upper two-thirds of the 

vertebral canal. Its average length in 

Fig. 782. — A sagittal section through ma - e js 45 cm. , its weight is about 

the vertebral canal showing the ^ gins. It extends from the level of the 
lower end of the medulla spinalis upper border of the atlas vertebra to that 
and the filum terminale. (Testut.) of the lower border of the first, or upper 

border of the second, lumbar vertebra. 
Above, it is continuous wdth the brain ; 
below, it ends in the conus medullar is, 
from the apex of which a delicate non- 
nervous filament, the filum terminale , 
descends as far as the first segment of 
the coccyx (fig. 782). 

The position of the medulla spinalis 
varies with the movements of the vertebral 
column, its lower extremity being raised 
slightly when the column is flexed. It 
also varies at different periods of life : 
in early foetal life the medulla spinalis is 
as long as the vertebral canal, but after 
the embryo has attained a length of 30 mm. 
the vertebral column begins to grow farther 
caudalwards than the medulla spinalis, 
and the latter gradually assumes a higher 
position within the vertebral canal. The 
chief part of this upward migration occurs 
during the first half of foetal life, so that 
by the twenty-fifth week of foetal life the 
lower end of the medulla spinalis has 
ascended from the level of the second 
coccygeal vertebra to that of the third 
lumbar vertebra, i.e. a distance of nine 
segments, and there remain but two seg- 
ments before the adult position is reached 
(Streeter). In the early embryo the 
nerve-roots pass transversely outwards to 
Li, lv. First and fifth lumbar vertebra, their respective intervertebral foramina, 
I. 1 Lo S wer°parro C f r tub™of e duo ™.w ur ?. but owing to the relative inequality in the 

end of medulla spinalis. ±. Li ra dura!, rates of growth of the medulla spinalis and 
6? Attachment rJ of p fSum 13 terminale " 1q 1: * first vertebral column, the nerve-roots become 
segment of coccyx. more and more oblique in direction, so 

that in the adult the lumbar and sacral 
nerves descend almost vertically to reach their foramina. From the appear- 
ance these nerves present at their attachment to the medulla spinalis and from 
their great length they are collectively termed the cauda equina (fig. 784). 
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The medulla spinalis is ensheathed by three protective membranes separated 
from each other by spaces. The membranes are named from without inwards 
the dura mater, the arachnoid, and the pia mater (fie. 783). The dura metier* 
a strong, fibrous membrane, forms a wide, tubular sheath which extends below 
the termination of the medulla spinalis and ends in a pointed cul-de-sac at 
the level of the lower border of the second sacral vertebra. The dura mater is 
separated from the wall of the vertebral canal by the epidural cavity , which 
contains a quantity of areolar tissue, fat, and a plexus of veins ; between the 
dura mater and the subjacent arachnoid is the subdural cavity , a capillary 
interval containing a small quantity of fluid, probably of the nature of lymph. 
The arachnoid is a thin, transparent sheath which ends at the lower border of 
the second sacral vertebra ; it is separated from the pia mater by the subarach- 
noid cavity, which contains cerebrospinal fluid. The pia mate/ closely invests 
the medulla spinalis and sends delicate septa into its substance ; from either 
side of the pia mater a fibrous band, named the ligament mn denticidatum , 
projects into the subarachnoid space, and is attached by a series of pointed 
processes to the inner surface of the dura mater. 


Fig. 783. — A transverse section through the medulla spinalis and its 
membranes. Diagrammatic. 



Thirty-one pairs of spinal nerves spring from the medulla spinalis, each 
nerve having an anterior and a posterior root, the latter being distin- 
guished by the presence of an oval swelling, the spinal ganglion , which 
contains numerous nerve-cells. Each root consists of several bundles of nerve- 
fibres, and at its attachment extends for some distance along the side of the 
medulla spinalis. The pairs of spinal nerves are grouped as follows : 
cervical 8, thoracic 12, lumbar 5, sacral 5, coccygeal 1, and, for convenience 
of description, the medulla spinalis is divided into cervical, thoracic, lumbar, 
and sacral regions, corresponding with the attachments of the different groups 
of nerves. 

Although no trace of transverse segmentation is visible on the surface of the 
medulla spinalis, it is convenient to regard it as being built up of a series of 
superimposed spinal segments or neuromeres , to each of which is attached a pair 
of spinal nerves. The lower limit of each spinal segment may be represented 
by an imaginary transverse plane at the level of the highest roots of each pair of 
spinal nerves. 

The filum terminate (figs. 782, 784) is a delicate filament, about- 20 cm. long, 
continued downwards from the apex of the conus medullaris. Its upper part, 
or j filum terminate internum , about 15 cm. long, is contained within the tubular' 
sheath of dura mater and reaches as far as the lower border of the second sacral 
vertebra. It is surrounded by the nerves forming the cauda equina, but can 
b© readily distinguished from them by its bluish-white colour. Its lower part, 
or filum terminate externum , is closely invested by, and adherent to, the dura 
mater ; it descends from the apex of the tubular sheath of dura mater and is 
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attached to the back of the first segment of the coccyx. The filum terminale 
consists mainly of fibrous tissue, continuous above with that of the pia mater, 
but adhering to its outer surface are a few strands of nerve-fibres which probably 
represent rudimentary second and 
third coccygeal nerves ; further, 

the central canal of the medulla Fig. 785. —Diagrams of the medulla spinalis. 


spinalis is continued downwards 
into it for 5 or 6 cm. 

Enlargements. — The med- 
ulla spinalis is not quite cylin- 
drical, being slightly flattened 
from before backwards ; it also 
presents two swellings or enlarge- 
ments, an upper or cervical, and 
a lower or lumbar (fig. 785). 


.Fig. 784. — The cauda equina and 
filum terminale seen from behind. 
The dura mater has been opened 
and spread out, and the arachnoid 
has been removed. 
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The cervical enlargement is the more pronounced, and corresponds with the 
attachments of the large nerves of the upper limbs. It extends from the third 
cervical to the second thoracic vertebra, its maximum circumference (about 
38 mm.) being at the level of the roots of the sixth pair of cervical nerves. 

To the lumbar enlargement are attached the nerves of the lower limbs. It 
begins at the level of the ninth thoracic vertebra, and reaches its maximum 
circumference, of about 33 mm., opposite the last thoracic vertebra, below 
which it tapers rapidly into the conus medullaris. 

Fissures and sulci (fig. 7S6). — An anterior median fissure and a posterior 
median sulcus incompletely divide the medulla spinalis into two symmetrical 
parts, which are joined across the middle line by a commissural band of 
nervous matter. 

The anterior median fissure has an average depth of about 3 mm., but is 
deepest in the low r er part of the medulla spinalis. It contains a double fold of 


Fig. 786. — A transverse section through the mid-thoracic region of the medulla 

spinalis, x 8. 


Posterior funiculus Posterior median septum 



pia mater, and its floor is formed by a transverse band of white substance, 
the anterior white commissure , which is perforated by blood-vessels on their way 
to or from the central part of the medulla spinalis. 

The posterior median sulcus is very shallow ; from it a septum of neuroglia 
reaches rather more than half-way into the substance of the medulla spinalis ; 
this septum varies in depth from 4 to 6 mm., but diminishes considerably in 
the lower part of the medulla spinalis. 

On either side of the posterior median sulcus, and at a short distance from 
it, the posterior nerve-roots are attached along a vertical furrow named the 
posterolateral sulcus . The portion of the medulla spinalis which lies between 
this and the posterior median septum is named the posterior funiculus. In 
the cervical and upper thoracic regions the surface of this funiculus presents 
a longitudinal furrow, the postero-intermediate sulcus : this marks the position 
of a septum which extends into the posterior funiculus and subdivides it into 
tw T o fasciculi — a medial, named the fasciculus gracilis (tract of Goll) ; and a 
lateral, the fasciculus cuneatus (tract of Burdach) (fig. 792). 

The portion of the medulla spinalis between the posterolateral sulcus and 
the anterior median fissure is termed the anterolateral region. The anterior 
nerve-roots, unlike the posterior, are not attached in linear series, and their 
positions of exit are not marked by a sulcus ; they arise by separate bundles 
which spring from the anterior column of grey substance and, passing forward 
through the white substance, emerge over an area of some width. The line of 
emergence of the most lateral of these bundles is generally taken as a dividing 
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line which separates the anterolateral region into two parts, viz. an anterior 
funiculus , between the anterior median fissure and the most lateral of the 


Fig. 787. — Transverse sections 
through the medulla spinalis 
at different levels. 


anterior nerve-roots ; and a lateral funiculus, 
between the exit of these roots and the postero- 
lateral sulcus. In the upper part of the cervical 
region a series of nerve-roots passes outwards 
through the lateral funiculus ; these unite to form 



the spinal portion of the accessory nerve, which 
ascends and enters the cranial cavity through 
the foramen magnum (fig. 801), and conveys to 
the accessory nerve the fibres which supply the 
Sternocleidomastoideus and Trapezius. 
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The Internal Structure of the Medulla 
Spinalis 

The medulla spinalis is composed of grey and 
white nervous substance, in both of which there 
is a supporting framework of neuroglia. 

The grey substance (substantia grisea) is 
enclosed within the white (fig. 786), and has the 
form of a fluted column which runs through the 
whole length of the medulla spinalis. This 
column consists of two symmetrical portions, 
one in either half of the medulla spinalis : these 
are joined to one another by a transverse com- 
missure of grey substance which is traversed by 
the central canal, just visible to the naked eye. 
In a transverse section each half of the grey 
substance is shaped like a comma or crescent 
with its concavity directed lateralwards ; and 
these, together with the intervening grey com- 
missure, present the appearance of the letter H. 
A coronal plane through the central canal serves 
to divide each crescent into an anterior and a 
posterior column. 

The anterior column (anterior cornu) is 
directed forwards ; it is broad, and round or 
quadrangular in shape. Its posterior part is 
termed the base , and its anterior part the head , 
but these are not separated from each other by 
any well-defined constriction. Between the head 
of the column and the surface of the medulla 
spinalis is a layer of white substance which is 
traversed by the bundles of the anterior nerve- 
roots. In the thoracic region, the posterior part 
of the anterior column projects lateralwards, and 
is named the lateral column (lateral cornu). 

The posterior column (posterior cornu) is 
long and slender, and is directed backwards 
and lateralwards ; it reaches almost as far as 
the posterolateral sulcus, from which it is 
separated by a thin layer of white substance, the 
tract of Lissauer. It consists of a base, directly 
continuous with the base of the anterior column, 
and a neck or slightly constricted portion, which 
is succeeded by an oval or fusiform area, termed 
the head , of which the ajpex approaches the 
posterolateral sulcus. The apex is capped by 
a mass of translucent, gelatinous neuroglia, 
termed the substantia gdatinosa of Rolando, 
which contains both neuroglia- cells and small 
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nerve-cells and is V-shaped or crescentic on transverse section. Between the 
anterior and posterior columns the grey substance extends as a series of 
processes into the lateral funiculus, and forms a network called the format io 
reticularis . 

The quantity of grey substance and the form it presents on transverse 
section vary at different levels. In the thoracic region the grey substance is 
small in amount, not only absolutely but relatively" to the surrounding white 
substance. In the cervical and lumbar enlargements it is greatly increased ; 
so that in the latter, and especially in the conus medullaris, its proportion to 
the white substance is greater than elsewhere (fig. 787). In the cervical region 
the posterior column of grey substance is comparatively narrow, while "the 
anterior column is broad and expanded ; in the thoracic region, both 
columns are narrow, and the lateral column is evident ; in the lumbar 
enlargement the anterior and posterior columns are both expanded ; 
while in the conus medullaris the grey substance assumes the form of two 
oval masses, one in either half of the cord, connected together by a broad 
grey commissure. 

The central canal traverses the entire length of the medulla spinalis. 
It is continued upwards through the lower part of the medulla oblongata and 
opens into the fourth ventricle of the 


Fig. 78S. — A transverse section through the 
central canal of the medulla spinalis, show- 
ing the ependymal and neuroglial cells. 
(Lenhossek.) 


Neuroglial cells 



Ependymal cells 


brain ; below, it reaches for a short 
distance (5-6 cm.) into the filum ter- 
minale. In the lower part of the 
conus medullaris it exhibits a fusi- 
form dilatation, the terminal ventricle : 
this has a vertical measurement of 
from 8 to 10 mm., is triangular on 
cross section with its base directed 
forwards, and tends to undergo obli- 
teration after the age of forty years. 

Throughout the cervical and thor- 
acic regions the central canal is 
situated in the anterior one-third of 
the medulla spinalis : in the lumbar 
enlargement it is near the middle, and 
in the conus medullaris it approaches 
the posterior surface. It is Med with 
cerebrospinal fluid, and lined by cili- 
ated, columnar epithelium, which is 
encircled by a band of gelatinous 
substance, the substantia gelatinosa 
centralis. This gelatinous substance 
consists mainly of neuroglia, but contains a few nerve- cells and nerve-fibres; 
it is traversed by processes from the deep ends of the- cells which line the central 
canal (fig. 788). 

The grey substance in front of the canal is named the anterior grey com- 
missure ; that behind it, the posterior grey commissure. The anterior grey 
commissure is thin, and in contact with the anterior white commissure : it 
contains a pair of longitudinal veins, one on either side of the middle line. 
The posterior grey commissure reaches from the central canal to the posterior 
median septum ; it is thinnest in the thoracic region, and thickest in the conus 
medullaris. 

The structure of the grey substance. — The grey substance of the 
medulla spinalis consists of neuroglia, nerve-cells, and nerve-fibres. Throughout 
the greater part of it the neuroglia is arranged in the form of a sponge-like 
network, but around the central canal and on the apices of the posterior 
columns it is condensed to form the gelatinous substance already referred 
to. The nerve-cells are multipolar, and vary greatly in size and shape, but 
they may be classified in three main types : (1) Motor-cells of large size, 
which are situated in the anterior column, and are especially numerous. in 
the cervical and lumbar enlargements ; the axons of most of these cells pass 
out to form the anterior nerve-roots, but before leaving the white substance 
they frequently give off collaterals, which re-enter and ramify in the grey 
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Fig. 789. — A diagram showing 
in longitudinal section the 
mtcrsegrr.crrtal rourons of the 
rucc ii J lu spirudis. The grey 
and white parts correspond 
respectively to the grey and 
white substance of the 
medulla spinalis. (Poirier.) 
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substance.* (2) Cells of small or medium size, the axons from which pass into 
the white matter, where some pursue an ascending, and others a descending 

course, but most of them divide in a T-shaped 
manner into descending and ascending processes ; 
they give off collaterals which enter and ramify 
in the grey substance, and the axons end in a 
similar manner. Some of these axons are short 
and pass only r between adjoining spinal segments ; 
others are longer and connect more distant 
segments. These cells and their processes con- 
stitute a series of association or inter segmental 
neurons (fig. 789), which link together the 
different parts of the medulla spinalis. The 
axons of most of these cells are confined to 
that side of the medulla spinalis in which the 
nerve-cells are situated, but some cross to the 
opposite side through the anterior commissure, 
and are termed crossed commissural fibres. 
Some of the latter end directly in the grey 
substance, while others enter the white sub- 
stance, and ascend or descend in it for varying 
distances, before finally terminating in * the 
grey substance. Most of the nerve-cells are 
arranged in longitudinal columns, and appear 
as groups on transverse section (figs. 790, 791). 

Nerve-cells in the anterior column.™ 
The nerve-cells in the anterior column are 
arranged in columns of varying length. The 
longest occupies the medial part of the anterior 
column and is named the anteromedial column : 
it is absent only in the fifth lumbar, the first 
sacral and the upper part of the second sacral 
segments. Behind it, is a posteromedial column 
of small cells, which extends from the second 
thoracic to the first lumbar segment and is also 
present in the lower two cervical segments. 

In the cervical and lumbar enlargements, 
where the anterior column is expanded in a 
lateral direction, the following additional 
columns of nerve- cells are present, viz. — (a) 
anterolateral , in the fourth, fifth, and sixth 
cervical, second thoracic, lower four lumbar 
and upper two sacral segments ; ( b ) postero- 
lateral , in the lower five cervical, lower four lumbar, and upper three sacral 
segments ; (c) post-posterolateral , in the last cervical, first thoracic, and upper 
three sacral segments ; and (d) central , in the lower four lumbar and upper 
two sacral segments. Throughout the base of the anterior column are solitary 
cells, the axons of some of which form crossed commissural fibres, while others 
constitute the motor fibres of the posterior nerve-root.* 

Nerve-cells in the lateral column. — These form a column which is 
best marked in the thoracic region ; it extends from the eighth cervical 
segment to the lower part of the second or upper part of the third lumbar 
segment, but can be traced throughout the length of the medulla spinalis 
in the form of groups of small cells situated in the anterior part of the 
formatio reticularis. The cells of this column are fusiform or star-shaped, and 
of a medium size : the axons of many of them pass into the anterior nerve- 
roots, and are conveyed to the sympathetic ganglia through the white rami 
communicantes ; while the axons of others pass into the anterior and lateral 
funiculi, where they become longitudinal. 

* Lenhossek and Cajal found that in the embryo of the chick the axons of a few of these 
nerve-cells passed backwards through the posterior column, and emerged as the motor fibres of 
the posterior nerv6-roots. These fibres are said to control the peristaltic movements of the intestine. 
Their presence in man has not yet been determined. 
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Nerve-cells in the posterior column.—L The dorsal nucleus ( column of 

Clarke) occupies the medial part of the base of the posterior column, and appears 
on transverse section as a well-defined oval area (figs. 786, 791). It begins below 
at the level of the second or third lumbar nerve, and reaches its maximum size 
opposite the twelfth thoracic nerve. It diminishes in size above the level 
of the ninth thoracic nerve, and ends opposite the last cervical or first thoracic 
nerve. It is represented, however, in the other regions by scattered cells, 
which are aggregated to form a cervical nucleus opposite the third cervical 
nerve, and a sacral nucleus in the middle and lower part of the sacral region. 


Fig. 790. — A scheme showing the mode of distribution of the nerve-cells in the 
grey substance. (Testufc.) 



1, 2. Medial and lateral groups of nerve-cells in anterior column. 3. Nerve-cells in lateral column. 
4, 4. Dorsal nucleus. 5. Group of nerve-cells in substantia gelatinosa of Eolando. 6. Nerve-cell of 
anterior column, the axon of which is passing into the posterior nerve -root. 7. Cells of substantia 
gelatinosa centralis. 8. Solitary cell. i*. C-.-iL- o.' Go!;:'!. '.0. Cells of origin of the superficial 

anterolateral fasciculus. 11. Anterior rooi . 'i -. lVsu-rior 13. Spinal ganglion. 


Its cells are of medium size, and oval or pyriform in shape ; many of their 
axons pass into the peripheral part of the lateral funiculus of the same side, 
'and there ascend, under the name of the direct cerebellar tract ; others cross 
to the opposite side and ascend as the superficial anterolateral fasciculus. 

2. Nerve-cells in the substantia gelatinosa of Rolando. — These -are arranged 
in three zones : a posterior or marginal, of large triangular or fusiform cells ; 
an intermediate, of small fusiform cells ; and an anterior, of star-shaped cells. 
The axons of these cells pass into the lateral and posterior funiculi, and there 
pursue a vertical course. Some of the cells in the anterior zone belong to 
Golgi’s type II, their short axons being confined to the grey substance. 

3. Solitary cells of varying form and size are scattered throughout the 
posterior column. Some of these are grouped to form an ill-defined posterior 
basal column , lateral to the dorsal nucleus. The axons of the cells of this 
column pass partly to the posterior and lateral funiculi of the same side, and 
partly through the anterior white commissure to the lateral funiculus of the 
opposite side. Before leaving the grey substance, a considerable number run 
longitudinally for a varying distance in the head of the posterior column, 
forming what is termed the longitudinal fasciculus of the posterior column. 
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A few star-shaped or fusiform nerve-cells of varying size are found in the 
substantia gelatinosa centralis. Their axons pass into the lateral funiculus of 


Fig. 791. — Transverse sections through the medulla 
spinalis at different levels, showing the arrange- 
ment of the principal cell-columns. 



the same, or the opposite, 
side. 

The nerve-fibres in the 
grey substance form a dense 
interlacement among the 
nerve- cells. This interlace- 
ment is formed partly of 
axons which pass from the 
cells in the grey substance 
to enter the white funiculi 
or the anterior nerve-roots ; 
partly of the axons of Golgi’s 
cells which ramify only in 
the grey substance ; and 
partly of collaterals from 
the nerve-fibres in the white 
funiculi, which, as already 
stated, enter the grey sub- 
stance and ramify within it. 
The white substance 




(substantia alba) of the 
medulla spinalis surrounds 
the grey substance, and con- 
sists chief] y of medullated 
nerve-fibres. The nerve- 
fibres are arranged in three 
funiculi : anterior, lateral, 
and posterior. The anterior 
funiculus lies between the 
anterior median fissure and 
the most lateral of the an- 
terior nerve-roots ; the lateral 
funiculus between these 
nerve-roots and the postero- 
lateral sulcus ; and the 
posterior funiculus between 
the posterolateral sulcus and 
the posterior median septum 
(fig. 792). The nerve-fibres 
vary in thickness ; the thin- 
nest are found in the fasci- 
culus gracilis, the fasciculus 
of Lissauer, and the central 
part of the lateral funiculus ; 
the thickest are situated in 
the anterior funiculus, and 
in the peripheral part of the 
lateral funiculus. Some of 
the nerve-fibres run more or 
less transversely, as for ex- 
ample those which cross the 
middle fine in the anterior 
white commissure, but the 
majority pursue a longi- 
tudinal course and are divi- 
sible into (1) those connecting 
the medulla spinalis with the 
brain and conveying impulses 
to or from the latter, and (2) 


those which are confined to the medulla spinalis, and fink together its different 


segments (i.e. intersegmental or association fibres). 
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Nerve-fasciculi. — The longitudinal fibres are grouped into more or less 
definite bundles or fasciculi. These are not recognisable from each other in 
the natural state, and their existence has been determined by the following 
methods. (1) A. Waller discovered that if a bundle of nerve-fibres be cut, the 
portions of the fibres which are separated from their ceils rapidly degenerate 
and become atrophied, while their cells and the parts of the fibres connected 
with them undergo little alteration.* This is known as Wallerian degeneration. 
Similarly, if a group of nerve-cells be destroyed, the fibres arising from them 
undergo degeneration. Thus, if the motor cells of the cerebral cortex be 
destroyed, or if the fibres arising from these cells be severed, a descending 
degeneration from the seat of injury takes place in the fibres. In the same 
manner, if a spinal ganglion be destroyed, or the fibres which pass from it 


Fig. 792. — A diagram of the principal fasciculi of the white substance of the 

medulla spinalis. 



into the medulla spinalis be cut, an ascending degeneration occurs in these 
fibres above the lesion. (2) In the early stages of the development of the 
nervous system, the nerve-fibres are naked axis-cylinders ; groups of nerve- 
fibres acquire their medullary sheaths at different periods ; hence the fibres, 
can be grouped according to the dates at which they receive these sheaths. 
The first fibres to acquire medullary sheaths are those of the nerve-roots and 
of the fasciculi proprii ; the last, those of the cerebrospinal fasciculi. (3) Golgi’s 
method of staining nervous tissues allows the course and mode of termination 
of the axis-cylinder processes to be followed. 

Fasciculi in the anterior funiculus. — {a) The anterior cerebrospinal 
fasciculus (direct pyramidal tract) is usually small, but varies in size inversely 
with the lateral cerebrospinal fasciculus. It is* present only in the upper part 
of the medulla spinalis ; gradually diminishing in size as it descends, it ends 
about the mi ddle of the thoracic region. It consists of fibres which arise from 
cells in the motor area of the cerebral hemisphere of the same side, and which, 

* Somewhat later a change, termed chromatolysis , takes place in the nerve-cells, and consists, 
of the breaking down and ultimate disappearance of the Nissl bodies. The cell- body swells, 
the nucleus is displaced towards the periphery of the cell, and the part of the axon still attached 
to the altered cell diminishes in size and atrophies. Under favourable conditions the cell may 
resume its normal appearance, and its axon may grow again. 
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•as they run downwards in the medulla spinalis, cross in succession through the 
anterior white commissure to the opposite side, where they end by arborising 
around the motor cells in the anterior column. 

(b) The vestibulospinal fasciculus, derived from the cells of Reiters’ nucleus, 
one of the nuclei in which the vestibular division of the acoustic nerve ends, 
descends in the anterior funiculus. 

(c) The anterior spinothalamic fasciculus arises from cells in the posterior 
grey column of the opposite side of the medulla spinalis, crosses in the anterior 
white commissure, and ascends in the anterior funiculus to the thalamus. 

The remaining fibres of the anterior funiculus constitute what is termed the 
fasciculus proprius anterior (anterior basis bundle). It consists mainly of : 
(1) longitudinal intersegmental fibres which arise from cells in the grey sub- 
stance, more especially from those of the medial group of the anterior column, 
and, after a longer or shorter course, re-enter the grey substance. Some of the 
fibres of this fasciculus pass upwards into the medial (posterior) longitudinal 
fasciculus (p. 827) ; (2) fibres arising from cells of the cerebellum and extending 
down the medulla spinalis to end around the cells of the anterior column. 

Fasciculi in the lateral funiculus. — 1. Descending fasciculi. — (a) The 
lateral cerebrospinal fasciculus (crossed pyramidal tract) extends throughout 
the length of the medulla spinalis, and on transverse section appears as an oval 
area in front of the posterior grey column and medial to the direct cerebellar 
tract. In the lumbar and sacral regions, where the direct cerebellar fasciculus 
is absent, the lateral cerebrospinal fasciculus reaches the surface of the medulla 
spinalis. Its fibres arise from cells in the motor area of the cerebral hemisphere 
of the opposite side. They pass downwards in company with those of the 
anterior cerebrospinal fasciculus through the same side of the brain as that 
from which they originate, but cross to the opposite side in the medulla oblongata 
and descend in the lateral funiculus of the medulla spinalis ; they end by 
•arborising around the motor cells in the anterior column.* 

The anterior and lateral cerebrospinal fasciculi constitute the motor fasciculi 
of the medulla spinalis and have their origins in the motor cells of the cerebral 
cortex. They descend through the internal capsule of the cerebrum, traverse 
the cerebral peduncles and pons, and enter the pyramid of the medulla oblon- 
gata. In the lower part of the latter about two -thirds of them cross the middle 
line and run downwards in the lateral funiculus as the lateral cerebrospinal 
fasciculus while the remaining fibres do not cross, but are continued into the 
same side of the medulla spinalis, where they form the anterior cerebrospinal 
fasciculus. Fibres of the latter, however, cross in succession through the 
anterior white commissure, and thus, generally speaking, all the motor fibres 
from one side of the brain reach the opposite side of the medulla spinalis. The 
proportion of fibres which cross in the medulla oblongata is not a constant one, 
and thus the anterior and lateral cerebrospinal fasciculi vary inversely in size. 
Sometimes the former is absent, and it is then presumed that complete decus- 
sation of the motor fibres has occurred in the medulla oblongata. Medullation 
of the fibres of these two fasciculi is not completed until the second year. There 
is experimental and clinical evidence to show that the lateral cerebrospinal 
fasciculus contains a few fibres which are derived from the cerebral hemisphere 
of the same side (uncrossed lateral cerebrospinal fibres). 

(b) The rubrospinal fasciculus (Monakow) is anterior to the lateral cerebro- 
spinal fasciculus, and on transverse section appears as a somewhat triangular 
area. Its fibres descend from the mid-brain, where they have their origins in 
the cells of the red nucleus of the tegmentum of the opposite side ; they end 
by forming synapses with the cells in the anterior column. 

(c) The tectospinal fasciculus originates in the superior colliculus (upper 
quadrigeminal body) of the opposite side, and its fibres are partly intermingled 
with those of the rubrospinal fasciculus, and are partly contained in the anterior 
funiculus. 

* Sharpey Schafer ( Proc . Physiological Soc. 1899) says it is probable that the fibres of the 
anterior and lateral cerebrospinal fasciculi are not related in this direct m ann er with the cells of 
the anterior column, but terminate by arborising round the cells at the base of the posterior 
column, which in turn link them to the motor cells in the anterior column, usually of several 
segments of the cord. In consequence of these interposed neurons the fibres of the cerebrospinal 
fasciculi correspond, not to individual muscles, but to associated groups of muscles. 
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colon ; their efferents pass to the superior mesenteric group of pre-aortic 
lymph-glands. 

The inferior mesenteric lymph-glands (fig. 771) consist of : (a) small 
glands on the branches of the left colic and sigmoid arteries ; (b) a group in 
the sigmoid mesocolon, around the superior hasmorrhoidal artery ; and (c) a 


Fig. 769. — The lymphatics of the cascum and vermiform process. Anterior aspect. 

(Jamieson and Dobson.) 
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pararectal group in contact with the muscular coat of the rectum. The 
inferior mesenteric lymph-glands drain the descending and sigmoid parts of 
the colon and the upper part of the rectum ; their efferents pass to the 
inferior mesenteric group of pre-aortic lymph -glands. 


THE LYMPHATIC VESSELS OF THE ABDOMEN AND PELVIS 

The lymphatic vessels of the abdomen and pelvis may be divided into 
1. parietal and 2. visceral. 

1. The parietal lymphatic vessels consist of two sets, superficial and 
deep. 

The superficial lymphatic vessels follow the course of the superficial blood- 
vessels, and converge to the axillary and the superficial inguinal lymph-glands ; 
those from the skin above the level of the umbilicus pass to the pectoral and 
subscapular groups of axillary lymph-glands ; those derived from the skin 
of the front of the abdomen below the umbilicus follow the course of the super- 
ficial epigastric vessels, and those from the sides of the lumbar part of the 
abdominal wall pass along the crest of the ilium, with the superficial iliac 
circumflex vessels. The superficial lymphatic vessels of the glutaeal region 
turn horizontally round the buttock, and join the superficial inguinal and 
subinguinal lymph-glands. 

The deep lymphatic vessels run alongside the principal blood-vessels. Those 
of the parietes of the pelvis, which accompany the superior and inferior glutaeal 
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Occupying the anterior or deepest part of the posterior funiculus is a strand 
of fibres termed the cornucommissural fasciculus. It is somewhat crescentic on 
transverse section, and is placed between the posterior grey commissure and the 
posterior funiculus ; it is best marked in the lumbar region, but can be traced 
into the thoracic and cervical regions. Its fibres, derived from the cells of 


Fig. 793. — A diagram showing the 
formation of the fasciculus 
gracilis. (Poirier.) 


Fig. 794. — The descending fibres in 
the posterior funiculi, shown at 
different levels. (After Testut.) 
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The medulla spinalis viewed from behind. 
To the left, the fasciculus gracilis is shaded. 
To the right, the drawing shows that the 
fasciculus gracilis is formed by the long ascend- 
ing fibres of the posterior roots and that the 
sacral nerves lie next the median plane, the 
lumbar to their lateral side, and the thoracic 
still more laterally. 
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a. In the conus medullaris. b. In the lumbar 
region, c. In the lower thoracic region, 
n. In the upper thoracic region. 


the posterior column, divide into ascending and descending branches which 
re-enter and ramify in the grey substance. This fasciculus has been found 
to preserve its integrity in certain cases of locomotor ataxia. 

The posterior funiculus contains some descending fibres which occupy 
different parts at different levels (fig. 794). In the cervical and upper thoracic 
regions they appear as a comma-shaped fasciculus in the medial part of the 
fasciculus cuneatus, the blunt edge of the fasciculus being directed forwards ; 
in the lower thoracic region they form a dorsal peripheral band on the posterior 
surface of the funiculus ; in the lumbar region they are situated by the side of 
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the posterior median septum, and appear on section as a semi-elliptical bundle, 
which, together with the corresponding bundle of the opposite side, forms the 
oval area of Flechsig ; while in the conus medullaris they assume the form of a 
triangular strand in the posteromedial part of the fasciculus gracilis. These 
descending fibres are mainly intersegmental in character and derived from cells 
in the posterior column, but some 


consist of the descending branches 
of the posterior nerve-roots. The 
comma-shaped fasciculus was sup- 
posed to belong to the second cate- 
gory, but against this view is the 
fact that it does not undergo 
descending degeneration when the 
posterior nerve-roots are destroyed. 

Roots of the spinal nerves. — 
Each spinal nerve has two roots, 
an anterior and a posterior, which 
are attached to the surface of the 
medulla spinalis opposite the corre- 
sponding columns of grey substance 
(fig. 795) ; their fibres acquire their 
medullary sheaths about the fifth 
month of foetal life. 

The anterior nerve-root consists of 
efferent fibres, which are the axons 
of the nerve- cells in the anterior 
and lateral grey columns. A short 
distance from their origins, these 
axons are invested by medullary 
sheaths and, passing forwards, 
emerge in two or three irregular 
rows over an area which measures 
about 3 mm. in width. 


Fig. 795. — A spinal nerve with its anterior 
and posterior roots. (Testut.) 



1. A portion of the medulla spinalis viewed from 
the left side. 2. Anterior median fissure. 3. Anterior 
column. 4. Posterior column. 5. Lateral column. 
6. Formatio reticularis. 7. Anterior root. 8. Posterior 
root, with S', its ganglion. 9. Spinal nerve ; and 
9', its posterior division. 


The posterior nerve-root comprises six or eight fasciculi, attached in linear 
series along the posterolateral sulcus. It consists of afferent fibres which 
arise from the nerve- cells in a spinal ganglion. Each ganglion- cell gives off a 
single fibre which divides in a T-shaped manner into two processes, medial 
and lateral. The medial processes of the ganglion- cells pass into the medulla 
spinalis as the posterior roots of the spinal nerves, while the lateral are directed 
towards the periphery. 

The posterior nerve-root enters the medulla spinalis in two chief bundles, 
medial and lateral. The medial strand passes directly into the fasciculus 
cuneatus ; it consists of coarse fibres, which acquire their medullary sheaths 
about the fifth month of intra-uterine life ; the lateral strand is mainly com- 
posed of fine fibres, many of which are non-medullated ; they enter the 
fasciculus of Lissauer. 


After entering the medulla spinalis, all the fibres of the posterior nerve- 
roots divide into ascending and descending branches, and these in their turn 
give off collaterals which enter the grey substance (fig. 796). The descending 
branches are short, and soon enter the grey substance. The ascending 
branches are grouped into long, short, and intermediate fibres ; the long fibres 
ascend in the fasciculus cuneatus and fasciculus gracilis as far as the medulla 
oblongata, where they end by arborising around the cells of the cuneate and 
gracile nuclei ; the short fibres run upwards for a distance of only 5 or 6 mm., 
and enter the grey substance ; while the intermediate fibres, after a somewhat 
longer course, have a similar destination. All fibres entering the grey substance 
end by arborising around its nerve-cells ; in the thoracic region those of inter- 
mediate length are especially associated with the cells of the dorsal nucleus. 
The collaterals which spring from the ascending and descending branches of 
the fibres of the posterior nerve-roots end by arborising around the cells in 
the anterior and posterior grey columns ; in the thoracic region many of these 
collaterals arborise around the cells of the dorsal nucleus and the cells of the 


lateral grey column. 
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The long ascending fibres of the posterior nerve-roots pursue an oblique- 
course, being situated at first in the lateral part of the fasciculus cuneatus ; 

higher up, they occupy the 
middle of this fasciculus* 
having been displaced by 
the accession of other 
entering fibres ; while still 
higher, they ascend in the 
fasciculus gracilis. In the 
upper cervical region the 
localisation of these fibres, 
is very precise : the sacral 
nerves lie in the medial 
part of the fasciculus- 
gracilis and near its base* 
the lumbar nerves lateral 
to them, the thoracic 
nerves still more laterally 
while the cervical nerves- 
are confined to the fasci- 
culus cuneatus (fig. 793). 

The development of the 
medulla spinalis is de- 
scribed on pp. 85 to 88. 

Applied Anatomy . — Several 
cases have been recorded* in 
which a local doubling of the 
medulla spinalis has taken 
place. The condition is pro- 
bably due to some interference 
with the development of the 
neural tube in the embryo ; in 
a few it was associated with 
spina bifida, while in one case f 
the two parts were separated by a dermoid tumour. Other congenital abnormalities of 
the medulla spinalis occur in connexion with spina bifida (p. 184), and syringomyelia . 
In this latter chronic condition an abnormal proliferation of the neuroglia takes place, 
generally near the central canal and usually in the cervical enlargement, and later 
this mass becomes absorbed, leaving an irregular cavity in its place. This gives rise 
to a number of interesting signs and symptoms, such as analgesia (or insensitiveness 
to pain), inability to distinguish between cold and heat, progressive atrophy in the 
muscles of the hands and arms, trophic changes in the bones and joints, and painless 
whitlows. Severe injuries to the medulla spinalis may occur in fractures or fracture- 
dislocations of the vertebral column anywhere above the second lumbar vertebra. If the 
medulla spinalis is completely crushed or torn across, total paralysis and anaesthesia of 
all parts of the body drawing their nerve supply from below the injured spot will follow, 
with loss of control over the actions of the bladder and rectum. The higher up such a 
lesion occurs, the worse the prognosis. Thus, in fracture of the atlas or epistropheus, 
the vital centres in the medulla oblongata are injured, and death occurs at once. If the 
origin of the phrenic nerve — mainly the fourth cervical — just escape in a case where the 
neck is broken, respiration will have to be carried on by the Diaphragm alone, and death 
is likely to ensue before long from pulmonary complications. When the hack is broken 
in the lower thoracic region, life is not immediately threatened ; but unless the patient 
is carefully nursed, death may follow at any time from the development of bed sores in 
the anaesthetic area, or from septic infection spreading up the ureters into the kidneys 
and secondary to the cystitis that is so prone to occur in patients who have no control 
over the bladder. Inflammation of the medulla spinalis, or spinal myelitis , sometimes- 
follows influenza or one of the acute specific fevers. A transverse patch of such myelitis 
extending completely across the medulla spinalis produces more or less complete interruption 
of the passage of nervous impulses through it. Hence it will occasion more or less complete 
paralysis and anaesthesia of the parts of the body obtaining their nerve-supply from below 
it, and, in addition, a zone of cutaneous hyperesthesia at its level, in consequence of the 
irritation of the sensory fibres entering the inflamed region of the medulla spinalis. The 
disease mainly attacking children, and known as infantile spinal paralysis , or acute anterior 

* An analysis of these cases is given in the Review of Neurology and Psychiatry , Jan. 1916. 
t Harriehausen, D. Ztschrft. f. NervenheilJc. Bd. 36, Hft. 3 und 4, S. 268. 


Fig. 796. — The posterior nerve-roots dividing into 
ascending and descending branches. (Van 
Gehuchion.) 



a. Nerve-fibiw *>, V According and -lescending branches. 
c. crlsinj: five* .wwo-fibre. 
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poliomyelitis , is a bacterial infection of the pia mater that spreads into the medulla spinalis 
along the blood-vessels, and destroys groups of the motor neurons- aggregated in the 
anterior column. Destruction of the ceils causes rapid and sometimes permanent paralysis, 
of the muscles innervated, and groups of muscles in one or more of the limbs are commonly 
picked out for attack. The affected limbs are thus partially paralysed, and their subsequent 
growth and nutrition both suffer. Further, the muscles that normally antagonise the 
affected groups of muscles, finding their actions unopposed, tend to assume a state of 
spastic contraction. . In consequence, much dwarfing and deformity follow later, and 
may demand for their relief such operations as tenotomy, the transplantation of tendons, 
or even amputation. 

Inflammation of the ganglia on one or more of any of the posterior nerve-roots is the 
cause of shingles or herpes zoster, in which there is a painful eruption of groups of cutaneous 
vesicles corresponding to the distribution of the nerves derived from the affected ganglia. 
It is commonest along the course of the intercostal nerves ; the eruption is often preceded 
and followed, as well as accompanied, by girdle pains, and in old people these may he 
prolonged and serious in character. Herpes is the analogue on the sensory side to anterior 
poliomyelitis on the motor side of the nervous system. 


THE ENCEPHALON OR BRAIN 

General Considerations and Divisions 

The encephalon, or brain, is the upper, expanded part of the central nervous 
system, and is contained within the cranium. In the early embryo it consists 
of three hollow vesicles, 

termed the rhombencephalon ^ 797 __ A scheme showing the connesio ns of the 

or hind-brain, . the mesen - several parts of the brain. (After Schwalbe.) 

cephalon or mia-bram, and 
the prosencephalon or fore- 
brain ; and the parts de- 
rived from each of these 
can be recognised in the 
adult (fig. 797). The wall 
of the rhombencephalon is 
modified to form the medulla 
oblongata, pons, and cere- 
bellum, while its cavity is 
expanded to form the fourth 
ventricle. The mesence- 
phalon forms only a small 
part of the adult brain ; 
its cavity becomes the cere- 
bral aqueduct (aqueduct 
of Sylvius), and serves as 
a tubular communication 
between the third and 
fourth ventricles; its walls 
are thickened to form the corpora quadrigemina and the cerebral peduncles. 
The prosencephalon undergoes great modification ; the anterior part (telen- 
cephalon) expands laterally as two hollow vesicles the cavities of which become 
the lateral ventricles, while the surrounding walls form the cerebral hemispheres 
and their commissures ; the cavity of the posterior part (diencephalon) forms 
the greater part of the third ventricle, and from its walls are developed most 
of the structures which bound that cavity. Further details regarding these 
important changes are given on pages 90 to 100. 
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THE RHOMBENCEPHALON OR HIND-BRAIN 

The rhombencephalon or hind-brain occupies the posterior fossa of the 
cranial cavity and lies below a fold of dura mater, named the tentorium cerebelli. 
It consists of (a) the myelencephalon , comprising the medulla oblongata and 
the lower part of the fourth ventricle ; (h) the met encephalon, consisting of the 
pons, cerebellum, and the intermediate part of the fourth ventricle ; and 
(c) the isthmus rhomb encephali, a constricted portion immediately adjoining 
the mesencephalon and including the brachia conjunctiva of the cerebellum, 
the anterior medullary velum, and the upper part of the fourth ventricle. 


The Medulla Oblokgata 

The medulla oblongata, the lowest division of the brain, is extremely 
complex in structure, since it gives attachment to many of the cerebral nerves, 
and forms the connecting link between the medulla spinalis below and the 
cerebrum and cerebellum above. 

It extends from the lower margin of the pons to a plane passing transversely 
below the pyramidal decussation and above the first pair of cervical nerves ; 
this plane corresponds with the upper border of the atlas behind, and the 
middle of the dens of the epistropheus in front ; at this level the medulla 
oblongata is continuous with the medulla spinalis. The anterior surface of 
the medulla oblongata is separated from the basilar part of the occipital bone 
and the upper part of the dens of the epistropheus by the membranes of the 
brain and the occipito-axial ligaments. Its posterior surface is received into 
the fossa between the hemispheres of the cerebellum, and the upper portion 
of it forms the lower part of the floor of the fourth ventricle. The vertebral 
arteries pass upwards and forwards in relation to its lateral surfaces ; they 
then curve forwards to its anterior surface and unite at the lower border of the 
pons to form the basilar artery. 

The medulla oblongata is pyramidal in shape (fig. 798), its broad extremity 
being directed upwards towards the pons, while its narrow lower end is 
continuous with the medulla spinalis. It measures about 3 cm. longi- 
tudinally, 2 cm. transversely at its widest part, and 1*25 cm. anteroposteriorly. 
The central canal of the medulla spinalis is prolonged into its lower half, and 
then opens into the cavity of the fourth ventricle ; the medulla oblongata 
may therefore be divided into a lower closed part containing the central 
canal, and an upper open part corresponding with the lower portion of the 
fourth ventricle. Its anterior and posterior surfaces are marked by median 
fissures. 

The anterior median fissure contains a fold of pia mater, and extends 
along the entire length of the medulla oblongata ; below, it is continuous with 
the anterior median fissure of the medulla spinalis ; above, it ends at the lower 
border of the pons in a small triangular expansion, termed the foramen caecum. 
Its lower part is interrupted by bundles of fibres which cross obliquely from 
one side to the other, and constitute the pyramidal decussation. Some fibres, 
termed the external arcuate fibres , emerge from the fissure above this decus- 
sation and curve lateralwards and upwards over the surface of the medulla 
oblongata. 

The posterior median fissure is a narrow groove which exists only 
in the closed part of the medulla oblongata ; it is continuous below with 
the posterior median sulcus of the medulla spinalis, becomes gradually 
shallower from below upwards, and finally ends about the middle of the 
medulla oblongata, where the central canal expands into the cavity of the 
fourth ventricle. 

These two fissures divide the closed part of the medulla oblongata into 
lateral halves which, on surface view, appear to be continuous with the 
halves of the medulla spinalis. In the open part the halves are separated 
by the anterior median fissure, and by a median raphe which extends from 
the bottom of the fissure to the median sulcus of the rhomboid fossa or 
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floor of the fourth ventricle. Further, certain of the cerebral nerves pass 
through the substance of the medulla oblongata, and are attached to its 
surface in series with the roots of the spinal nerves ; thus, the fibres of the 
hypoglossal nerve correspond in position with the anterior roots of the 
spinal nerves, and emerge in linear series from a furrow termed the antero- 
lateral sulcus. Similarly, the accessory, vagus, and glossopharyngeal nerves 
correspond with the posterior roots of "the spinal nerves, and are attached to 
the bottom of a sulcus named the ‘posterolateral sulcus. Advantage is taken 


Fig. 798. — The medulla oblongata, pons and mid-brain. Ventral aspect. 



of this arrangement to subdivide each half of the medulla oblongata into 
anterior, middle, and posterior regions. Although these three regions appear 
to be directly continuous with the corresponding funiculi of the medulla 
apinalis, they do not necessarily contain the same nerve-fibres, since some of 
the fasciculi of the medulla spinalis end in the medulla oblongata, while others 
alter their course in passing through it. 

The anterior region of the medulla oblongata (fig. 7981 is named the 
pyramid , and lies between the anterior median fissure and the anterolateral 
sulcus. Its upper end is slightly constricted, and between it and the pons the 
fibres of the abducent nerve emerge ; below, it tapers into the anterior funiculus 
■of the medulla spinalis, with which, at first sight, it appears to be directly 
continuous. 

The two pyramids contain the motor fibres which pass from the brain to 
the medulla spinalis. When traced downwards, two-thirds or more of these 

G. A. 2C 
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fibres leave the pyramids in successive bundles, and decussate in. the anterior 
median fissure, forming what is termed the pyramidal decussation. Having 
crossed the middle line, they pass down in the posterior part of the lateral 
funiculus of the medulla spinalis as the lateral cerebrospinal fasciculus. The 

remaining fibres — i.e. those which occupy 
Fig. 799. — A scheme showing the the lateral part of the pyrannd- 1 - do not 
passage of various fasciculi through cross the middle line, but descend as the 
the medulla oblongata. (Testut.) anterior cerebrospinal fasciculus (fig. 799) 
CXj into the anterior funiculus of the same 

side of the medulla spinalis. 

The greater part of the fasciculus pro- 
W SI jmius anterior of the medulla spinalis is 

*T( Si ! j continued upwards through the medulla 

VI % oblongata under the name of the medial 

'■ ' 5 .j I g longitudinal fasciculus . 

/ The lateral region of the medulla 

1 — f oblongata (fig. 800) is limited in front by 

\ a #!l j Hr 7 ( the anterolateral sulcus and the roots of 

1 J ' \ \ if '\ A the hypoglossal nerve, and behind by the 

S f ^ posterolateral sulcus and the roots of the 

j / ^ Lj \ ! accessory, vagus, and glossopharyngeal 

i La . jvL -j---: | nerves. Its upper part consists of a pro- 

j \ ;j -_i ! I minent oval mass which is named the 

: |! olive, while its lower part is of the same 

j (m ; pi I j 8 width as the lateral funiculus of the 

0_ !; j j h j;' 3 medulla spinalis, and appears on the sur- 

j !| 1 j* j. face to be a direct continuation of it. 

ii 2 . j |i 2 ! . As a matter of fact, only a portion of the 

j | __ 3 _| i : lateral funiculus of the medulla spinalis is 

: i j i . continued upwards into this region, for 

7 S'A\r7 -bV : ' ^ ! I the lateral cerebrospinal fasciculus passes 

i‘ ! ( ■ J :. ! 1 n into the pyramid of the opposite side, and 

' the direct cerebellar tract is carried into 

the restiform body in the posterior 
I ;;j. : : region. The remainder of the lateral 

jb , funiculus, which consists chiefly of the 

Jy fasciculus proprius lateralis and the super- 

d ficial anterolateral fasciculus, can be 

a. Pons. b. Medulla oblongata, c Decussa- traced into the lateral region of the 
tion of the pyramids, d. Section of cervical ■» n i i , , 9 ,i n-i 

part of medulla spinalis. 1. Anterior cerebro- medulla oblongata. Most 01 these fibres 

g£ti 3 2 ^s& c g e acms dip beneath the olive and disappear from 

and fasciculus cuneatus (in blue). 3'. Nucleus the surface : but a small strand remains 

gracilis and nucleus cuneatus. 4. Anterolateral *»• i _ -j i ^ „ 

proper fasciculus (in dotted line). 5. Pyramid, superficial, and ascends between the olive 

6. Lemniscus 7 Medial longitudinal fasciculus. an( i the posterolateral sulcus. In a de- 

8. Superficial anterolateral fasciculus (in blue). . _ , , 

9. Direct cerebellar tract (in yellow). pression at the upper end of this strand 

is the acoustic nerve. 

The olive is situated lateral to the pyramid, from which it is separated by 
the anterolateral sulcus and the fibres of the hypoglossal nerve. Behind, it 
is separated from the posterolateral sulcus by the small superficial strand 
of the lateral funiculus already referred to. It is about 1*25 cm. long, and 
between its upper end and the pons there is a slight depression to which the 
roots of the facial nerve are attached. The external arcuate fibres wind 


a. Pons. b. Medulla oblongata, c. Decussa- 
tion of the pyramids, d. Section of cervical 
part of medulla spinalis. 1. Anterior cerebro- 
spinal fasciculus (in red). 2. Lateral cerebro- 
spinal fasciculus (in red). 3. Fasciculus gracilis 
and fasciculus cuneatus (in blue). 3'. Nucleus 
gracilis and nucleus cuneatus. 4. Anterolateral 
proper fasciculus (in dotted line). 5. Pyramid. 
6. Lemniscus. 7. Medial longitudinal fasciculus. 

8. Superficial anterolateral fasciculus (in blue). 

9. Direct cerebellar tract (in yellow). 


backwards across the lower part of the pyramid and olive and enter, the 
restiform body. 

The posterior region of the medulla oblongata (fig. 801) lies behind the 
posterolateral sulcus and the roots of the accessory, vagus, and glossopharyngeal 
nerves, and, like the lateral region, is divisible into a lower and an upper portion. 

The lower part is limited behind by the posterior median fissure, and consists 
of the fasciculus gracilis and the fasciculus cuneatus , the direct upward pro- 
longations of the posterior funiculus of the medulla spinalis. The fasciculus 
gracilis is placed parallel to and along the side of the posterior median fissure, 
and is separated from the fasciculus cuneatus by the postero-intermediate 
sulcus and septum. The fasciculus gracilis and fasciculus cuneatus are at first 
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vertical ; but at the lower part of the rhomboid fossa they diverge from the 
middle line in a V-shaped manner, and each presents an elongated swelling. 
The swelling on the fasciculus gracilis is named the dam, and is produced by a 
subjacent nucleus of grey substance, the nucleus gracilis ; that on the fasciculus 
cuneatus is termed the cuneate tubercle , and is caused similarly by a grey nucleus, 
named the nucleus cuneatus. The fibres of these two fasciculi end by arborising 
around the cells in their respective nuclei. A third elevation, named the 
iuberculum cinereum (tubercle of Rolando), is present in the lower part of the 
posterior region of the medulla oblongata. It lies between the fasciculus 
cuneatus and the roots of the accessory nerve, and is narrow below T but wider 
above ; it ends superiorly at a distance of about 1*25 cm. below 7, the pons. It 
is produced by a nucleus of grey substance which is continuous below with 


Fig. 800. — The hind-brain and the mid- brain. Posterolateral aspect. 
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the substantia gelatinosa of Rolando, and in which the fibres of the tractus 
spinalis, or spinal root, of the trigeminal nerve ends ; these fibres separate 
the nucleus from the surface of the medulla oblongata. 

The upper part of the posterior region of the medulla oblongata is occupied 
by the restiform body , a thick rope-like strand situated between' the lower part 
of the fourth ventricle and the roots of the glossopharyngeal and vagus nerves. 
The two restiform bodies connect the medulla spinalis and medulla oblongata 
with the cerebellum, and are sometimes named the inferior peduncles of the 
cerebellum. As they ascend, they diverge from one another, and assist in 
forming the lower parts of the lateral boundaries of the fourth ventricle ; higher 
up, they are directed backwards, each passing to the corresponding cerebellar 
hemisphere. Near their entrance into the cerebellum they are crossed by 
several strands of fibres, which run to the median sulcus of the rhomboid fossa 
and are named the stria medullar es. The restiform body is not, although it 
appears to be, the upward continuation of the fasciculus gracilis and fasciculus 
cuneatus, since the fibres of these fasciculi end in the nucleus gracilis and 
nucleus cuneatus ; its constitution will be subsequently discussed. 

Internal structure of the medulla oblongata. — Although the external 
form of the medulla oblongata bears a certain resemblance to that of the upper 
part of the medulla spinalis, its internal structure differs widely from that of 
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the latter, and this for the following principal reasons : (1) certain fasciculi 
of nerve-fibres which extend from the medulla spinalis to the brain, or vice versa, 
undergo a rearrangement in their passage through the medulla oblongata ; 
(2) other fasciculi of the medulla spinalis end in the medulla oblongata ; (3) new 
fasciculi originate in the grey substance of the medulla oblongata and pass to 
different parts of the brain ; (4) the grey substance, which in the medulla 
spinalis forms a continuous H -shaped column, is greatly modified and sub- 
divided in the medulla oblongata, where also new masses of grey substance 


Fig. 801. — The upper part of the medulla spinalis and the hind- and mid-brains. 
Exposed from behind. 
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are added ; (5) on account of the opening out of the central canal, certain 
parts of the grey substance, which in the medulla spinalis were more or less 
centrally situated, are displayed in the rhomboid fossa; (6) the medulla 
oblongata is intimately associated with many of the cerebral nerves, some 
arising from, and others ending in, nuclei within its substance. A short descrip- 
tion of the course taken by the principal fasciculi, and of the arrangement of 
the grey substance, will now be given. 

The cerebrospinal fasciculi. — The downward course of these fasciculi 
from the pyramids of the medulla oblongata and their partial decussation 
have already been described (p. 794). In crossing to the lateral funiculus of the 
opposite side, the fibres of the lateral cerebrospinal fasciculi run backwards 
through the anterior columns of grey substance, and separate the head of 
each of these columns from its base (figs. 802, 803). The base retains its 
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position in relation to the ventral aspect of the central canal, and, when the 
latter opens into the fourth ventricle, appears in the rhomboid fossa, or floor of 
the ventricle, close to the middle line, where it forms the nuclei of the hypoglossal 
and abducent nerves ; while, above the level of the ventricle it exists as the 
nuclei of the trochlear and oculomotor nerves in relation to the floor of the 
cerebral aqueduct. The head of the column is pushed lateralwards and forms 
the nucleus ambiguus which gives origin from below upwards to the cerebral 
part of the accessory nerve and the motor fibres of the vagus and glosso- 
pharyngeal nerves : higher up, the head of the column is represented by the 
motor nuclei of the facial and trigeminal nerves. 


Fig. 802. — A section through the medulla 
oblongata below the level of the decus- 
sation of the pyramids. Schematic. 
(Testut.) 



1. Anterior median fissure. 2. Posterior median 
sulcus. 3. Anterior column (in red), with 3', anterior 
root. 4. Posterior column (in blue), with 4', 
posterior root. 5. lateral cerebrospinal fasciculus. 
6. Posterior funiculus. The arrow, aa\ indicates 
the course of the decussation of i lu? pyramids; ihe 
arrow, b V, that of the decussation of rr*.-: lemniscus. 


Fig. 803. — A section through the medulla 
oblongata at the level of the decussation 
of the pyramids. Schematic. (Testut.) 



1. Anterior median fissure. 2. Posterior median 
sulcus. 3. Motor roots. 4. Sensory roots. 5. Base 
of the anterior column, from which the head (5') 
has been detached by the lateral cerebrospinal 
fasciculus. 6. Decussation of the pyramids. 
7. Posterior columns (in blue). 8. Nucleus gracilis. 


The fasciculus gracilis and fasciculus cuneatus constitute the posterior 
sensory fasciculi of the medulla spinalis; they are prolonged upwards into the 
lower part of the medulla oblongata, where they end in the nucleus gracilis and 
nucleus cuneatus. These two nuclei are continuous with the central grey 
substance of the medulla spinalis of which they may be regarded as dorsal 
projections, each being covered superficially by the fibres of the corresponding 
fasciculus. On transverse section, the nucleus gracilis appears as a single, 
more or less quadrangular mass, while the nucleus cuneatus consists of a 
larger medial nucleus , composed of small or medium-sized cells, and a smaller 
lateral nucleus containing large cells. 

The fibres of the fasciculus gracilis and fasciculus cuneatus end by arborising 
around the cells of these nuclei (fig. 804). From the cells of the nuclei new 
fibres arise ; some of these are continued as the external arcuate fibres into 
the restiform body of the same side, and through it to the cerebellum, but most 
of them pass forwards as the internal arcuate fibres through the neck of the 
posterior column, thus cutting off its head from its base (fig. 805). Curving 
forwards, they cross the middle line, and run upwards immediately behind 
the cerebrospinal fibres, as a flattened band, named the lemniscus or fillet 
The crossing of these sensory fibres is situated above that of the motor fibres 
and reaches as high as the middle of the olive ; it constitutes the decussation 
of the lemniscus or sensory decussation. 

The base of the posterior column at first lies on the dorsal aspect of the 
central canal, but when the latter opens into the fourth ventricle, it appears 
in the lateral part of the rhomboid fossa. It forms the terminal nuclei of 
the sensory fibres of the vagus and glossopharyngeal nerves, and is asso- 
ciated with the vestibular part of the acoustic nerve and the sensory root of 
the facial nerve. Still higher, it forms a mass of pigmented cells — the locus 
coeruleus — in which some of the sensory fibres of the trigeminal nerve appear 
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to end. The head of the posterior column forms the tuberculum cinereum, a 
long nucleus, in which the fibres of the spinal tract of the trigeminal nerve 
largely end. 

The direct cerebellar tract leaves the lateral region of the medulla 
oblongata ; most of its fibres are carried backwards into the restiform body 
of the same side, and through it are conveyed to the cerebellum ; but some 
run upwards with the fibres of the lemniscus, and, reaching the inferior colliculus, 
undergo decussation, and are carried to the cerebellum through the brachium 
conjunctivum. 

The fasciculi proprii (basis bundles) of the anterior and lateral funiculi of 
the medulla spinalis largely consist of intersegmental fibres, which link together 


Fig. 804. — A scheme showing the superior 
terminations of the fasciculus gracilis 
and fasciculus cuneatus of the medulla 
spinalis. (Testut.) 


Fig. 805. — A transverse section through 
the sensory decussation (decussation of 
the lemniscus). Schematic. (Testut.) 




1. Anterior median fissure. 2. Posterior median 
sulcus. 3, 3'. Head and base of the anterior column 
(in red). 4. Hypoglossal nerve. 5. Bases of the 
posterior columns. 5'. Tuberculum cinereum (tubercle 
of Kolando). 6. Nucleus gracilis. 7. Nucleus 
cuneatus. 8, 8. Lemniscus. 9. Sensory decussa- 
tion. 10. Pyramid. 


its different segments; they assist 
in the production of the formatio 
reticularis of the medulla oblon- 
gata, and many of them are accumu- 
lated into a fasciculus which runs 


1. Posterior median sulcus. 2. Fasciculus 
gracilis. 3. Fasciculus cuneatus. 4. Nucleus 
gracilis. 5. Nucleus cuneatus. 6, 6', 6", Sensory 
fibres forming the lemniscus. 7. Sensory decussa- 
tion. 8. Cerebellar fibres, uncrossed. 9, Cerebellar 
fibres, crossed. 


up close to the median raphe be- 
tween the lemniscus and the rhom- 
boid fossa ; this strand is ■ named 
the medial longitudinal fasciculus , 
and will be described more fully 
later (p. 827). 

Grey substance of the medulla oblongata (figs. 806, 807). — In addition 
to the gracile and cuneate nuclei, there are several other nuclei to be con- 
sidered. Some of these are traceable from the grey substance of the medulla 
spinalis, while others are unrepresented in it. 

1. The hypoglossal nucleus is derived from the base of the anterior column ; 
in the lower, closed part of the medulla oblongata it is situated on the ventro- 
lateral aspect of the central canal, but in the upper, open part it approaches the 
rhomboid fossa, where it lies close to the middle line, under an eminence named 
the trigonum hypoglossi (fig. 821). The nucleus measures about 2 cm. in length, 
and consists of large multipolar nerve-cells the axons of which constitute 
the roots of the hypoglossal nerve. These nerve-roots pass forward between the 
anterior and lateral regions of the medulla oblongata, and emerge at the 
anterolateral sulcus. ...... 
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2. The motor nudeusl(iigs. 808, 809) common to the aloswpharywjeal. vagus, 
and cerebral part of the accessory nerves is named the nucleus amhiguus. It 


Fig. 806.— A transverse section through the medulla oblongata at about the 
middle of the olive. (Schwalbe.) 
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Fig. 807. — A transverse section through the medulla oblongata below the 
middle of the olive. 
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lies deeply in the formatio reticularis grisea, and extends throughout nearly the 
whole length of the medulla oblongata. 
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3. The afferent fibres of the facial , glossopharyngeal and vagus end in the 
fasciculus solitarius (p. 811). 

4. The nuclei of the acoustic nerve are described on p. 814. 

5. The olivary nuclei (figs. 806, 807) are three in number on either side of the 
middle line, viz. the inferior olivary nucleus, and the medial and dorsal acces- 
sory olivary nuclei ; they consist of small, round, yellowish cells and numerous 

fine nerve-fibres. (a) The 

Fig. 808 . — The nuclei of the cerebral nerves schemafci- inferior olivary nucleus is ^the 
eally represented. Dorsal aspect. Motor nuclei, largest, and is situated within 
in red; sensory in blue. (The olfactory and optic Ihe olive. It consists of a 
centres are omitted.) grey folded lamina arranged 

in the form of an incomplete 
capsule, opening medially by 
an aperture called the hilum ; 
emerging from the hilum are 
numerous fibres which collec- 
tively constitute the peduncle 
of the olive. ( h ) The medial 
accessory olivary nucleus lies 
between the inferior olivary 
nucleus and the pyramid, 
and forms a curved lamina, 
the concavity of which is 
directed laterally. The fibres 
of the hypoglossal nerve, as 
they traverse the medulla, 
pass between the medial 
accessory and the inferior 
olivary nuclei, (c) The dor- 
sal accessory olivary nucleus 
is the smallest, and appears 
on transverse section as a 
curved lamina behind the 
inferior olivary nucleus. 

The inferior olivary nu- 
cleus is connected — (1) with 
that of the opposite side by 
fibres which cross through 
the raphe ; (2) with the 

arfterior column of the same 
side of the medulla spinalis 
by the spino-olivary fascicu- 
lus ; (3) with the thalamus of 
the cerebrum by the cerebro - 
olivary fasciculus which 
passes through the pons and 
tegmentum ; (4) with the 

opposite cerebellar hemi- 
sphere by the olivo-cerebellar 
fasciculus (fig. 811), the fibres 
of which cross the raphe and 
turn backwards to enter the deep part of the restiform body. Removal of one 
cerebellar hemisphere is followed by atrophy of the opposite olivary nucleus. 

6. The nucleus arcuatus is described with the external arcuate fibres 

(p. 811). 

Restiform bodies. — The position of the restiform bodies has already been 
described (p. 803). Each comprises : (1) the direct cerebellar tract or posterior 
spino-cerebellar fasciculus, which ascends from the lateral funiculus of the 
same side of the medulla spinalis ; (2) the olivo-cerebellar fasciculus, described 
above; (3) descending cerebellar fibres, many of which are disseminated 
throughout the peripheral part of the anterior and lateral funiculi .of the 
medulla spinalis, while others pass to the motor nuclei of the cerebral nerves; 
and (4) the external arcuate fibres. 
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Fig. 809. — The nuclei of origin of the cerebral motor nerves schematically 
represented. Lateral aspect. 



Fig. 810. — The primary terminal nuclei of the afferent (sensory) cerebral nerves 
schematically represented. Lateral aspect. (The olfactory and optic centres 
are omitted.) 
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The lymphatic vessels of the anus pass forwards and end with those of the 
skin of the perinseum and scrotum in the superficial inguinal lymph-glands. 

The lymphatic vessels of the anal canal and rectum — The lymphatic vessels 
of the anal canal accompany the inferior hoemorrhoidal vessels across the 
ischiorectal fossa, run with the internal pudendal vessels through Alcock’s 
canal, and open into the hypogastric (internal iliac) lymph-glands. The lym- 
phatic vessels from the lotver part of the rectum join in a plexus on the Levator 
ani, and then enter the hypogastric lymph-glands : those from the upper part 
of the rectum accompany the superior hemorrhoidal vessels, and, after travers- 
ing the pararectal lymph-glands, enter the lymph-glands near the bifurcation 
of the common iliac artery ; vessels pass from the highest pararectal lymph- 
glands to the lymph-glands in the sigmoid mesocolon, and the efferents of the 
latter glands end in the pre-aortic lymph-glands around the origin of the inferior 
mesenteric artery. 

The lymphatic vessels of the liver are divisible into two sets, superficial and 
deep. The former arise in the subperitoneal areolar tissue over the entire 
surface of the organ, and may be grouped into : (a) those on the convex surface, 
(6) those on the inferior surface. 

(a) On the convex surface. — The vessels' from the back part of this surface 
reach their terminal lymph-glands by three different routes : the vessels of the 
middle set, five or six in number, pass through the vena-caval foramen in the 
Diaphragm and end in one or two lymph-glands which are situated around 
the terminal part of the inferior vena cava ; a few vessels from the left side 
pass backwards towards the oesophageal hiatus, and terminate in the paracardial 
group of superior gastric lymph-glands ; the vessels from the right side, one 
or two in number, run on the abdominal surface of the Diaphragm, and, after 
crossing its right crus, end in the pre-aortic lymph-glands which surround the 
origin of the cceliac artery. From the portions of the right and left lobes 
adjacent to the falciform ligament, the lymphatic vessels converge to form 
two trunks, one of which accompanies the inferior vena cava through the 
Diaphragm, and ends in the lymph -glands around the terminal part of this 
vessel ; the other runs downwards and forwards, and, turning round the 
anterior sharp margin of the liver, accompanies the upper part of the liga- 
mentum teres, and ends in the upper hepatic lymph-glands. From the anterior 
surface a few additional vessels turn round the anterior sharp margin to reach 
the upper hepatic lymph-glands. 

(b) On the inferior surface. — The vessels from this surface mostly converge 
to the porta hepatis, and accompany the deep lymphatics emerging from the 
porta to the hepatic lymph-glands ; one or two from the posterior parts of 
the right and caudate lobes accompany the inferior vena cava 'through the 
Diaphragm, and end in the lymph-glands round the terminal part of this 
vein. 

The deep lymphatics of the liver converge to ascending and descending 
trunks. The ascending trunks accompany' the hepatic veins and pass through 
the Diaphragm to end in the lymph-glands round the terminal part of the 
inferior vena cava. The descending trunks emerge from the porta hepatis, 
and end in the hepatic lymph-glands. 

The lymphatic vessels of the gall-bladder pass to the cystic lymph-gland and 
to the hepatic lymph-glands in the porta hepatis ; those of the bile-duct to 
the hepatic lymph-glands alongside the bile-duct and to the upper pancreatico- 
duodenal lymph-glands. 

The lymphatic vessels of the pancreas follow the course of its blood-vessels. 
Most of them enter the pancreaticolienal lymph-glands, but some end in the 
pancreaticoduodenal lymph-glands, and others in the pre-aortic lymph-glands 
near the origin of the superior mesenteric artery. 

(2) The lymphatic vessels of the spleen and suprarenal glands. 

The lymphatic vessels of the spleen , both superficial and deep, accompany the 
splenic blood-vessels and pass to the pancreaticolienal lymph-glands. 

The lymphatic vessels of the suprarenal glands usually accompany the supra- 
renal veins, and end in the lateral aortic lymph-glands ; occasionally some 
of them pierce the crura of the Diaphragm, and end in the lymph-glands of 
the posterior mediastinal cavity. 

(3) The lymphatic vessels of the urinary organs . 
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The external arcuate fibres vary as to their prominence in different brains ; 
in some they form an almost continuous layer covering the pyramid and olive, 
while in others they are barely visible on the surface. They arise from the 
cells of the nucleus gracilis and nucleus cuneatus, pass forwards through the 
formatio reticularis, and decussate in the middle line. Most of them reach 
the surface by way of the anterior median fissure, and arch backwards over 
the pyramid. Reinforced by others which emerge between the pyramid and 
olive, they pass backwards over the olive and lateral region of the medulla 
oblongata, and enter the restiform body. They thus connect the cerebellum 
with the nucleus gracilis and nucleus cuneatus of the opposite side. As the 
fibres arch across the pyramid, they enclose a small nucleus which lies in front 
of and medial to the pyramid. This is named the nucleus arcuatus , and is 
serially continuous above with the nuclei pontis : it contains small fusiform 
cells, around which some of the arcuate fibres end, and from w T hich others 
arise. 

A few fibres are said to arise from the nucleus gracilis and nucleus cuneatus 
and to pass to the restiform body of the same side. 

Formatio reticularis (fig. 812). — This term is applied to the coarse reti- 
culum which occupies the anterior and lateral regions of the medulla oblongata. 
It is situated behind the pyramid and olive, extending laterally as far as the 
restiform bodies, and dorsally to within a short distance of the rhomboid 
fossa. The reticulum is caused by the intersection of bundles of fibres running 
at right angles to each other, some being longitudinal, others more or less 
transverse in direction. In the formatio reticularis of the anterior region, 
there is an almost entire absence of nerve -cells, and hence this part is known as 
the substantia reticularis alba ; whereas in the lateral region nerve- cells are 
numerous, and as a consequence the formatio presents a grey appearance, and 
is termed the substantia reticularis grisea. 

In the substance of the formatio reticularis are two small nuclei of grey 
matter : one, the nucleus of Roller, near the ventral surface of the hypoglossal 
nucleus ; the other, the nucleus lateralis , between the olive and the spinal tract 
of the trigeminal nerve. 

In the substantia reticularis alba the chief longitudinal fibres consist of the 
lemniscus , which lies close to the raphe, immediately behind the pyramid ; 
the tectospinal fasciculus , behind the lemniscus ; and still more posteriorly, 
the medial longitudinal fasciculus. In the substantia reticularis grisea the 
ascending fibres, comprise the spinocerebellar, spinothalamic, and spinotectal 
fasciculi ; the descending fibres include the rubrospinal and ihalamo-oliuary 
fasciculi, and the fascicidus solitarius, the last consisting of the downwardly- 
directed afferent fibres of the facial, vagus and glosso-pharyngeal nerves. The 
transverse fibres of the formatio reticularis are the arcuate fibres already 
described (p. 805, and above). 

Applied Anatomy . — In bulbar paralysis , i.e. paralysis of the medulla oblongata, which is 
really a special form of a progressive degeneration affecting the whole efferent or motor 
tract, the disease begins with impairment of the movements of the lips, tongue, pharynx, 
and larynx, due to degeneration of the cells in the motor nuclei of the medulla oblongata. 
Speech and swallowing become difficult, and the saliva dribbles from the open mouth. 
Other groups of muscles soon become involved, and death often occurs from 4 aspiration 
pneumonia, 5 set up by food that has accidentally passed down the trachea. 


The Rons 

The pons (pons Varolii) or fore part of the rhombencephalon is situated 
in front of the cerebellum. From its upper part the cerebral peduncles 
emerge, one on either side of the middle line. Behind and below, the pons is 
continuous with the medulla oblongata, but is separated from it in front and 
laterally by a transverse furrow in which the abducent, facial, and acoustic 
nerves appear. 

Its ventral or anterior surface (fig. 798) is prominent, markedly convex from 
side to side, less so from above downwards. It consists of transverse fibres 
arched like a bridge across the middle line, and gathered on either side into a 
compact mass which forms the brachium pontis. It rests upon the clivus of 
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the sphenoidal bone, and is limited above and below by well-defined borders. 
In the middle line is the shallow sulcus basilaris for the lodgment of the basilar 
artery ; this sulcus is bounded on either side by an eminence caused by the 
descent of the cerebrospinal fibres through the substance of the pons. Lateral 
to these eminences, near the upper border of the pons, the trigeminal nerves 
make their exit, each consisting of a smaller, medial, motor root, and a larger, 
lateral, sensory root ; vertical lines drawn immediately lateral to the attach- 
ments of the trigeminal nerves, may be taken as the boundaries between the 
ventral surface of the pons and the brachia pontis. 

Its dorsal or posterior surface, triangular in shape, is hidden by the cere- 
bellum, and is bounded laterally by the brachia conjunctiva ; it forms the 
upper part of the rhomboid fossa, with which it will be described. 


Fig. 813. — A coronal section through the upper part of the pons. (Testut.) 
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1. Fourth ventricle ; its ependyma is coloured yellow. 2. Anterior medullary velum, with 2', its 
white stratum, and 2", its grey stratum. 3. Mesencephalic root of trigeminal nerve. 4. Nerve-cells 
associated with this root. 5. Medial longitudinal fasciculus. 6. Formatio reticularis. 7. Lateral 
sulcus. 8. Section of brachium conjunctivum. 9. Medial lemniscus. 9'. Lateral lemniscus. 10, 10. 
Transverse fibres of pons. 11, 11. Cerebrospinal fasciculi. 12. Raphe. V. Trigeminal nerve. 


Structure (fig. 813). — Transverse sections through the pons show it to be 
composed of two parts ; a ventral or basilar portion consisting for the most part 
of fibres arranged in transverse and longitudinal bundles, together with a 
small amount of grey substance ; and a dorsal or tegmental portion continuous 
with the reticular formation of the medulla oblongata, and most of the con- 
stituents of which are prolonged into the tegmenta of the cerebral peduncles. 

The ventral or. basilar part of the pons consists of : (a) superficial and deep 
transverse fibres, ( b ) longitudinal fasciculi, and (c) some small nuclei of grey 
substance termed the nuclei pontis. 

The superficial transverse fibres constitute a rather thick layer on the ventral 
surface of the pons, and are collected into a large rounded bundle on either side. 
This bundle, with the addition of some transverse fibres from the deeper portion 
of the pons, forms the greater part of the brachium pontis. 

The deep transverse fibres partly intersect and partly lie on the dorsal aspect 
of the longitudinal fasciculi. They course to the lateral border of the pons, and 
form part of the brachium pontis; the further connexions of the brachium 
pontis will be discussed with the anatomy of the cerebellum. 



THE PONS 


813 


The longitudinal fasciculi are continued from the cerebral peduncles, and 
enter the upper surface of the pons. They stream downwards on either side 
of the middle line in bundles, separated from one another by the deep trans- 
verse fibres, and give rise to the eminences on the anterior surface. Some of 
these fibres end in the nuclei pontis, and others, after decussating, in. the nuclei 
of the. abducent and hypoglossal nerves, and in the .motor .nuclei of .the tri- 
geminal and facial nerves ; but many pass through the pons, at the lower 
margin of which they are collected into the pyramids of the medulla oblongata. 
The fibres which end in the motor nuclei of the cerebral nerves are derived from 
the pyramidal ceils of the cerebral cortex, and bear the same relation to the 
motor cells of the cerebral nerves as the cerebrospinal fibres bear to the motor 
cells in the anterior column of the medulla spinalis. 

The nuclei pontis are serially continuous with the arcuate nuclei in the 
medulla oblongata, and consist of small groups of multipolar nerve-cells which 
are scattered between the bundles of transverse fibres ; the axons of these cells 
are continuous with the transverse fibres of the pons. 

The dorsal or leg mental part of the pons is chiefly composed of an upward 
continuation of the reticular formation and grey substance of the medulla 
oblongata ; it is divided by a median raphe. It consists of transverse and 
longitudinal fibres and contains important grey nuclei. In the lower part 
of the pons the transverse fibres of the tegmental part are collected into a 
strand, named the trapezoid body . This consists of fibres which arise from 
the cells of the ventral or accessory cochlear nucleus and of the superior olivary 
nucleus, and will be referred to in connexion with the cochlear division of the 
acoustic nerve. In the substance of the trapezoid body is a collection of nerve- 
cells, termed the trapezoid nucleus. Of the longitudinal fibres three fasciculi 
must be mentioned. They are ( a ) the upward prolongation of the lemniscus 
which, as it ascends, assumes the form of a flat band ; (b) the medial longi- 
tudinal fasciculus, situated near the floor of the fourth ventricle ; and (c) the 
anterior spinocerebellar fasciculus which passes to the cerebellum by way of 
the brachium conjunctivum. 

' The rest of the dorsal part of the pons is a continuation upwards of the 
formatio reticularis of the medulla oblongata, and, like it, presents the appear- 
ance of a network, in the meshes of which are numerous nerve-cells. Besides 
these scattered nerve-cells, there are some larger masses of grey substance, 
viz. the superior olivary nucleus, and the nuclei of the trigeminal, abducent, 
facial, and acoustic nerves (fig. 80S). 

L The superior olivary nucleus is a small mass of grey substance situated 
on the dorsal surface of the lateral part of the trapezoid body. Rudimentary 
in man, but well developed in certain animals, it exhibits the same structure 
as the inferior olivary nucleus, and is situated immediately above it. Some 
of the fibres of the trapezoid body end by arborising around the cells of the 
superior olivary nucleus, while others arise from these cells. 

2. The nuclei of the trigeminal nerve in the pons are motor and sensory. 
The inferior or chief motor nucleus is situated in the upper part of the pons 
close to its posterior surface and along the fine of the lateral margin of the 
fourth ventricle. The axons of its cells form a portion of the motor root of 
the trigeminal nerve : the remaining fibres of the motor root of this nerve 
consist of a fasciculus which arises from a nucleus in the grey substance of the 
floor of the cerebral aqueduct, and hence is named the mesencephalic root * 
The sensory fibres of the trigeminal nerve arise from the cells of the semilunar 
ganglion. Some of these fibres end in a nucleus which is placed lateral to the 
motor one, and beneath the braehium conjunctivum ; but the greater number 
descend, under the name of the spinal tract of the trigeminal nerve , to end in a 
nucleus which is continuous below with the substantia gelatinosa of Rolando. 
The motor and sensory roots of the trigeminal nerve pass through the substance 
of the pons and emerge near the upper margin of its anterior surface. 

3. The nucleus of the abducent nerve is a spherical mass of grey substance 
situated close to the floor of the fourth ventricle, above the strise medullares 
and subjacent to the colliculus facialis. The fibres of the abducent nerve pass 
forward through the entire thickness of the pons on the medial side of the 
superior olivary nucleus and between the lateral fasciculi of the cerebrospinal 

* See footnote on p. 893. 
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fibres, and emerge in the furrow between the lower border of the pons and the 
pyramid of the medulla oblongata. 

4. The nucleus of the facial nerve is situated deeply in the reticular formation 
of the pons on the dorsal aspect of the superior olivary nucleus, and the roots 
of the nerve derived from it pursue a remarkably tortuous course in the sub- 
stance of the pons. At first they pass backwards and medial wards until 
they reach the rhomboid fossa, close to the median sulcus, where they are 
collected into a round bundle ; this bundle passes upwards and forwards, 
producing an elevation, the colliculus facialis, in the rhomboid fossa, and 
then taking a sharp lateral bend round the nucleus of the abducent nerve, 
passes through the pons to emerge at its lower border in the interval between 
the olive and the restiform body of the medulla oblongata. 

5. The nuclei of the acoustic nerve . — The acoustic nerve consists of a cochlear 
and a vestibular nerve. The fibres of the cochlear nerve end in two nuclei : 

(a) the lateral cochlear nucleus , on the lateral surface of the restiform body ; 
and (b) the ventral or accessory cochlear nucleus , on the ventral surface of the 
restiform body. The nuclei in which the vestibular nerve ends are (a) the 
medial or chief vestibular nucleus, corresponding to the lower part of the area 
acustica in the rhomboid fossa ; the caudal end of this nucleus is termed 

(b) the descending or spinal vestibular nucleus ; (c) the lateral vestibular nucleus 
(nucleus of Deiters), consisting of large multipolar cells and situated in the 
lateral angle of the rhomboid fossa ; the dorsolateral part of this nucleus is 
sometimes termed (d) the superior vestibular nucleus (nucleus of Bechterew). 

Applied Anatomy . — Injury to the pons, such as may occur on the occlusion or rupture 
of one of its blood-vessels, often gives rise to a special train of symptoms that is almost 
diagnostic. Pontine lesions are characterised mainly by c alternate paralyses * ; that is to 
say, by paralysis of the muscles supplied by one of the motor cerebral nerves on one side, 
and of the limbs on the other side of the body. Thus a haemorrhage into the lower part 
of the pons might cause paralysis of the face (‘ lower segment paralysis ’) on the same side, 
from destruction of the facial nucleus or nerve-root, and paralysis of the arm and leg on 
the opposite side from injury to the adjacent cerebrospinal tract. In the same way, 
paralysis of the Rectus lateralis of one eye and of the Rectus medialis of the other (‘ conjugate 
paralysis 5 of the muscles turning the two eyes in one direction) and often paralysis of one 
side of the face as well, together with palsy of the limbs on the opposite side of the body, 
may be found when the lesion occurs about the nucleus of the abducent nerve. Hearing 
is often unaffected in pontine lesions, possibly because the central acoustic tract occupies 
a ventral and lateral position in the pons. 


The Cerebellum 

The cerebellum, the largest part of the hind-brain, lies behind the pons 
and medulla oblongata. Between its central portion and these structures is 
the cavity of the fourth ventricle. It rests on the inferior fossse of the occipital 
bone and is covered by the tentorium cerebelli (p. 879). It is somewhat 
ovoid in form, but constricted in its median part, and flattened from above 
downwards, its greatest diameter being from side to side. Its surface is 
not convoluted like that of the cerebrum, but is traversed by numerous 
curved furrows or sulci, which vary in depth at different parts, and separate 
the laminae of which it is composed. Its average weight in the male is about 
150 gms. In the adult the proportion between the cerebellum and cerebrum 
is about 1 to 8, in the infant about 1 to 20. 

Lobes of the cerebellum. — The cerebellum consists of a median con- 
stricted part, the vermis, and two lateral expanded portions, the hemispheres. 
On the upper surface of the cerebellum the vermis is elevated above the level 
of the hemispheres, but on the under surface it is sunk almost out of sight 
in a deep depression between them ; this depression is called the vallecula 
cerebelli, and lodges also the posterior part of the medulla oblongata. The 
part of the vermis on the upper surface of the cerebellum is named the 
superior vermis ; that on the lower surface, the inferior vermis . The hemi- 
spheres are separated below and behind by a deep notch, the posterior 
cerebellar notch, and in front by a broader, shallower notch, the anterior cerebellar 
notch. The posterior notch contains the upper part of the falx cerebelli, a fold 
of dura mater. The anterior notch lies close to the pons and upper part of the 
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medulla, and its superior edge curves round the inferior colliculi and the brachia 
conjunctiva cerebelli. 

The cerebellum is characterised by its laminated or foliated appearance ; 
it is marked by curved fissures, which extend for a considerable distance into 
its substance, and divide it into a series of layers or folia. The largest and 
deepest fissure is named the horizontal sulcus. On either side if commences 
in front at the pons, and passes horizontally round the free margin of the 
hemisphere to the middle line behind ; it divides the cerebellum into an upper 
and a lower portion. Several secondary but deep fissures separate the cere- 
bellum into lobes, and these are further subdivided by shallower sulci, which 
separate the individual folia or laminae from each other. Sections across the 
laminae show that the folia consist of central white substance covered by grey 
substance. 

The cerebellum is connected to the cerebrum by the brachia conjunctiva, 
to the pons by the brachia pontis, and to the medulla oblongata by the restiform 
bodies. 


Ere. SI4. — The cerebellum. Superior aspect. (Sharper Schafer.) 
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The superior surface of the cerebellum (fig. 814) presents a raised 
median ridge, the superior vermis, which is not sharply defined from the 
hemispheres. 

The superior vermis, most prominent in front, is subdivided from before 
backwards into the lingula, the lobulus centralis, the monticulus, and the 
folium vermis, and each of these with the exception of the lingula, is con- 
tinuous with corresponding parts of the hemispheres — the lobulus centralis 
with the alee, the monticulus with the quadrangular lobules, and the folium 
vermis with the superior semilunar lobules. 

The lingula is a small tongue-shaped process, consisting of four or five 
folia ; it lies in front of and is concealed by the lobulus centralis. It rests 
on the dorsal surface of the anterior medullary velum, and its white substance 
is continuous with that of the velum. 

The lobulus centralis and alae. — The lobulus centralis is a small square 
lobule situated in the anterior cerebellar notch. It overlaps the lingula, 
but is separated from it by the precentral fissure ; laterally, it is continued into 
each hemisphere, as a wing-like prolongation, the ala lobuli centralis . 

The monticulus and quadrangular lobules.— The monticulus is the 
largest part of the superior vermis. Anteriorly, it overlaps the lobulus centralis 
from which it is separated by the postcentral fissure ; laterally, it is continuous 
with the quadrangular lobules in the hemispheres. It is divided by the preclival 
fissure (fissura prima) into an anterior, raised part, the culmen or summit, 
and a posterior sloped part, the clivus : the quadrangular lobule is similarly 
divided. The culmen and the anterior parts of the quadrangular lobules form 
the lobus culminis ; the clivus and the posterior parts, the lobus clivi . 
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The folium vermis and superior semilunar lobules. — The folium vermis 
(folium cacummis) is a short, narrow, concealed band at the posterior end 
of the superior vermis, consisting apparently of a single folium, but in reality 
marked on its upper and under surfaces by secondary fissures. Laterally, it 
expands in either hemisphere into a considerable lobule, the superior semilunar 
lobule, which occupies the posterior one-third of the upper surface of the hemi- 
sphere, and is bounded below by the horizontal sulcus . The folium vermis and 
the superior semilunar lobules form the lobus semilunaris . 

The inferior surface of the cerebellum (fig. 815) presents, in the middle 
line, the inferior vermis, buried in the vallecula, and separated from the hemi- 
sphere on either side by a deep groove, the sulcus valleculce. This surface, 
like the superior, is divided into lobules ; but the arrangement is more com- 
plicated, and the relations of the parts of the vermis to those of the hemispheres 
are less clearly marked. The inferior vermis is subdivided from before back- 
wards, into : (1) the nodule, (2) the uvula, (3) the pyramid, and (4) the tuber 


Fig. 815 . — -The cerebellum. Interior aspect. (Sharpey Schaffer.) 



vermis ; the corresponding parts in either hemisphere are : (1) the flocculus , 
(2) the tonsilla cerebelli , (3) the biventral lobule, and (4) the inferior semilunar 
lobule . The three main fissures are : (1) the postnodular fissure , which runs 
transversely across the vermis, between the nodule and the uvula ; in the 
hemispheres this fissure passes in front of the tonsilla and the biventral lobe 
but behind the flocculus, and joins the anterior end of the horizontal sulcus. 
(2) The prepyramidal fissure crosses the vermis between the uvula and the 
pyramid, then curves forwards between the tonsilla and the biventral lobe, 
to join the postnodular fissure. (3) The postpyramidal fissure passes across 
the vermis between the pyramid and the tuber vermis, and, in the hemisphere, 
courses behind the tonsilla and biventral lobule, and then along the lateral 
border of the biventral lobule to the postnodular sulcus ; in the hemisphere 
it forms the anterior boundary of the inferior semilunar lobule. 

The nodule, posterior medullary velum and flocculus. — The nodule, 
or anterior end of the inferior vermis, abuts against the roof of the fourth 
ventricle, and can only be distinctly seen after the cerebellum has been separated 
from the medulla oblongata and pons. On either side of the nodule is a thin 
layer of white substance, named the posterior medullary velum (p. 817). The 
flocculus is a prominent, irregular lobule, situated in front of the biventral 
lobule, between it and the brachium pontis cerebelli. It is subdivided into a 
few small laminae, and is connected to the posterior medullary velum by its 
central white core. The flocculi, nodule, and posterior medullary velum 
constitute the lobus noduli . 
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The uvula and tonsilla. — The uvula forms a considerable portion of the 
inferior vermis ; it is separated on either side from the tonsilla by the sulcus 
valleculce , at the bottom of which it is connected to the tonsilla by a furrowed 
ridge of grey matter called the f urro wed band. The tonsillse are rounded masses, 
situated in the hemispheres. Each lies in a deep fossa, termed the bird's nest 
(nidus avis), between the uvula and the biventral lobule. The uvula and 
tonsillse form the lobus uvulce. 

The pyramid and biventral lobules constitute the lobus pyramid-nib. The 
pyramid, a conical projection, is the largest prominence of the inferior vermis. 
It is separated from the hemispheres by the sulcus vallecula, across which 
it is connected to the biventral lobule by an indistinct grey band, analogous 
to the furrowed band already described" The biventral lobule is somewhat 
ovoid in shape ; its narrower end points backwards, and is joined by the grey 
band to the pyramid ; its broader end, directed forwards, is on a line with the 
anterior border of the tonsilla, and is separated from the flocculus by the 
postnodular fissure. The lateral border is separated from the inferior semilunar 
lobule by the postpyramidal fissure. 

The tuber vermis and the inferior semilunar lobules form the lobus 
tuberis. The tuber vermis, the most posterior division of the inferior 
vermis, is of small size, and spreads out laterally into the large inferior 
semilunar lobules, which comprise at least two-thirds of the inferior surface 
of the hemisphere. 

The anterior medullary velum (valve of Vieussens) is a thin, transparent 
lamina of white substance, which stretches between the brachia conjunctiva, 
and with them forms the roof of the upper part of the fourth ventricle. The 
velum is narrow’ above, where it passes beneath the inferior colliculi, and 
broader below, where it is continuous with the white substance of the superior 
vermis. The folia of the lingula are prolonged on to the dorsal surface of its 
knver half, and a median ridge, the frenulum veil , descends upon its upper part 
from between the inferior colliculi. The trochlear nerves emerge from the 
sides of the frenulum. 

The posterior medullary velum is a thin layer of white substance, situated 
above and on either side of the nodule ; it forms a part of the roof of the fourth 
ventricle, and its deep surface is covered by the ventricular epithelium. Some- 
what semilunar in shape, its upper convex edge is continuous with the white 
substance of the cerebellum, while its lower concave margin is free ; from it 
the ventricular epithelium is prolonged downwards to the tsenise of the ventricle. 

The two medullary vela are in contact with each other along their line of 
emergence from the white substance of the cerebellum ; and this line of contact 
forms the summit of the roof of the fourth ventricle, which, in a sagittal, 
section through the cavity, appears as a pointed angle. 


The Internal Structure of the Cerebellum 

The cerebellum consists of white and grey substance. 

White substance. — If a sagittal section (fig. 816 ) be made through either 
hemisphere, the interior will be found to consist of a central stem of white 
substance, in the middle of which is a grey mass, the dentate nucleus. From 
this central white stem a series of plates diverge ; these plates are covered with 
grey substance and form the laminas. The main branches from the central 
stem divide and subdivide, and a characteristic appearance, named the arbor 
viice , is presented. If the sagittal section be made through the middle of the- 
vermis, it will he seen that the central stem divides into a vertical and a 
horizontal branch. The vertical branch passes upwards to the culmen monti- 
culi, where it subdivides freely, one of its ramifications passing forwards and 
upwards to the central lobule. The horizontal branch passes backwards to the 
folium vermis, greatly diminished in size in consequence of having given off 
large secondary branches : one of the latter ascends to the clivus monticuli ; . 
the others descend, and enter the tuber vermis, the pyramid, the uvula, and 
the nodule. 

The white substance of the cerebellum consists of projection fibres and fibrcej 
proprice. 
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Projection fibres. — The cerebellum is connected to the other parts of 
the brain by three large bundles of projection fibres, viz. to the cerebrum 
by the brachia conjunctiva, to the pons by the brachia pontis, and to the 
medulla oblongata by the restiform bodies (fig. 817). 

The brachia conjunctiva (superior cerebellar peduncles) are two in number, 
one on either side ; they emerge from the upper and medial part of the white 
substance of the hemispheres and are placed under cover of the upper part of 
the cerebellum. They are joined to each other across the middle line by the 
anterior medullary velum, and can be followed upwards as far as the inferior 
colliculi, under which they disappear. Below, they form the upper lateral 
boundaries of the fourth ventricle, but as they ascend they converge on the 
dorsal aspect of the ventricle and form a part of its roof. 

Most of the fibres of the brachium conjunctivum are derived from the cells 
of the dentate nucleus of the cerebellum (p. 821), and emerge from the hilum of 


Fig. 816. — A sagittal section through the left cerebellar hemisphere, near its 
junction with the vermis. (Sharpey Schafer.) 



this nucleus, but a few arise from the cells of the smaller grey nuclei in this 
cerebellar white substance. The fibres of the two brachia are continued 
upwards beneath the corpora quadrigemina, and on the ventral surface of the 
cerebral aqueduct they undergo a complete decussation, and then divide into 
ascending and descending branches; most of the ascending branches end in 
the red nucleus, but some go to the thalamus and the nucleus of the oculomotor 
nerve ; the descending branches can be traced into the pons and medulla 
oblongata ; Cajal believes them to be continued into the anterior and lateral 
funiculi of the medulla spinalis. The fibres of the anterior spinocerebellar 
fasciculus pass through the brachia conjunctiva to reach the cerebellum. 
Tectocerebellar fibres pass from the roof of the midbrain to the cerebellum 
through the brachia conjunctiva. 

The brachia pontis (middle cerebellar peduncles) (fig. 817) are largely 
composed of centripetal fibres, which arise from the cells of the nuclei pontis of 
the opposite side and end in the cerebellar cortex ; they are said to contain 
also some efferent fibres to the nuclei pontis, and others to the medulla spinalis. 
The fibres of each brachium pontis are arranged in three fasciculi, superior, 
inferior, and deep. The superior fasciculus is derived from the upper trans- 
verse fibres of the pons ; it is directed backwards and lateralwards superficial 
to the other two fasciculi, and is distributed mainly to the lobules on the inferior 
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surface of the cerebellar hemisphere, and to the parts of the superior surface 
adjoining the posterior and lateral margins. The inferior fasciculus is formed 
by the lowest transverse fibres of the pons ; it passes under cover of the superior 
fasciculus and is continued downwards and backwards more or less parallel 
with it, to be distributed to the folia on the under surface close to the vermis. 
The deep fasciculus comprises most of the deep transverse fibres of the pons. 
It is at first covered by the superior and inferior fasciculi, but crossing obliquely 
it appears on the medial side of the superior, from which it receives a bundle ; 
its fibres spread out and pass to the upper anterior cerebellar folia. The fibres 
of this fasciculus cover those of the restiform body.* 

The restiform bodies (inferior cerebellar peduncles) pass at first upwards 
and lateral wards, forming parts of the lateral walls of the fourth ventricle, and 
then bend abruptly backwards to enter the cerebellum between the brachia 
conjunctiva and brachia pontis. Each restiform body contains the following 


Fig. 817. — A dissection showing the projection fibres of the cerebellum. 
(E. B. Jamieson.) 


Brachium conjunctivum 



fasciculi : (1) the direct cerebellar tract (posterior spinocerebellar fasci- 

culus) of the medulla spinalis, which ends mainly in the cortex of the 
superior vermis ; (2) fibres from the nucleus gracilis and nucleus cuneatus, 
of the same and of the opposite side ; (3) fibres from the opposite inferior 
olivary nucleus ; (4) crossed and uncrossed fibres from the reticular formation 
of the medulla oblongata ; (5) vestibular fibres, derived partly from the vesti- 
bular division of the acoustic nerve and partly from the nuclei in which this 
•division ends — these fibres occupy the medial segment of the restiform body 
and divide into ascending and descending branches ; the ascending branches 
partly end in the opposite roof nucleus and partly in the cortex of the cere- 
bellum ; (6) cerebellobulbar fibres which come from the opposite roof nucleus 
and probably from the dentate nucleus, and end in the nucleus of Deiters and 
in the formatio reticularis of the medulla oblongata. 

The fibrse propria of the cerebellum are of two kinds : (1) commissural 
fibres , which cross the middle line at the anterior and posterior parts of the 
vermis and connect the opposite halves of the cerebellum ; (2) arcuate or 
association fibres , which connect adjacent lobules and laminae with each other. 

Grey substance. — The grey substance of the cerebellum is found in two 
situations : (1) on the surface, forming the cortex ; (2) as independent masses 
in the interior. 

* Consult an article by E. B. Jamieson, Journal of Anatomy and Physiology, vol. xliv. 
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(1) The grey substance of the cortex presents a characteristic foliated 
appearance, due to the series of laminse which project from the central white 
substance ; these in their turn give off secondary laminae, which are covered 
by grey substance. Externally the cortex is covered by pia mater ; internally 
it rests on the white substance^. 

Microscopic appearance of the cortex (fig. 818). — The cortex consists of two 
layers, viz. an external grey, or molecular, layer, and an internal rust- coloured, 
or nuclear, layer ; between these is an incomplete stratum of cells, the cells 
of Purkinje. 


Fig. 818 . — A transverse section through a cerebellar folium. Diagrammatic. 
(After .Ramon y Cajal and KoJliker.) 



The external grey , or molecular , layer consists of nerve-fibres and cells. The 
fibres comprise : (a) the dendrites and axon- collaterals of Purkinje’s cells ; 
(6) fibres from cells in the nuclear layer ; (c) fibres from the central white 
substance of the cerebellum ; (d) fibres derived from cells in the molecular 
layer itself. In addition to these are other fibres, which have a vertical direction 
and are the processes of large neuroglia-cells situated in the nuclear layer. 
They .pass outwards to the periphery of the grey substance, where they expand 
into little conical enlargements which form a sort of limiting membrane beneath 
the pia mater, analogous to the membrana limitans interna of the retina. 

The cells of the molecular layer are small, and are arranged in an inner and 
an outer layer ; they all possess branched axons. The cells of the inner layer 
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are termed basket-cells ; their axons run for some distance parallel with the 
surface of the folium and give off collaterals which form basket-like networks 
around the bodies of Purkinje’s cells. 

The cells of Purkinje are peculiar to the cerebellum ; they form a single 
stratum of large, flask-shaped cells at the junction of the molecular and nuclear 
layers, their bases resting against the latter. The cells are flattened in a 
direction transverse to the long axis of a folium, and thus appear broad in 
sections carried across a folium, and fusiform in sections parallel to the 
long axis of a folium. From the neck of the flask one or more dendrites 
arise and pass into the molecular layer, where they subdivide and form an 
extremely rich arborescence, the various subdivisions of the dendrites being 
covered by lateral spine-like processes. This arborescence, like the cell, is 
flattened at right angles to the long axis of a folium ; in other words, it 
resembles the branches of a fruit-tree trained against a trellis or a wall. Hence, 
in sections carried across a folium the arborescence is broad and expanded ; 
whereas in sections parallel to the long axis of a folium, the arborescence, 
like the cell, is seen in profile, and is limited to a narrow area. 

From the bottom of the flask-shaped cell the axon arises ; this passes 
through the nuclear layer, and, becoming medullated, is continued as a nerve- 
fibre in the subjacent white substance. As it traverses the nuclear layer 
it gives off fine collaterals, some of which run into the molecular layer. 

The internal rust-coloured, or nuclear , layer (fig. 818) contains numerous small 
nerve-cells of a reddish-brown colour, together with many nerve -fibrils. Most 
•of the cells are nearly spherical and provided with short dendrites which spread 
out in a spider-like manner in the nuclear layer. Their axons pass into the 
molecular layer, and, bifurcating at right angles, run for some distance parallel 
to the long axis of the folium. In the outer part of the nuclear layer are some 
larger cells, of the type II. of Golgi. Their axons undergo frequent division 
as soon as they leave the nerve-cells, and pass into the nuclear layer ; while 
their dendrites ramify chiefly in the molecular layer. 

Finally, in the grey substance of the cerebellar cortex, there are fibres which 
come from the white centre and penetrate the cortex. The cell-origin of 
these fibres is unknown, but they are presumably afferent fibres, contained 
in the brachia and restiform bodies. Some of them end in the nuclear layer 
by dividing into numerous branches, on which are to be seen peculiar moss-like 
appendages ; hence they have been termed by Ramon y Cajal the moss-fibres ; 
they form an arborescence around the cells of the nuclear layer. Other fibres, 
the dinging or tendril fibres , 

can be traced into the mole- ^ia. 819. — A sagittal section through the right cerebellar 
cular layer, where their 
branches cling around the 
dendrites of Purkinje’s 
cells. 

(2) The independent 
centres of grey substance 
are imbedded in the white 
substance of the cerebellum, 
and are four in number on 
either side : one is of large 
size, and is known as the 
nucleus dentatus ; the other 
three, much smaller, are 
situated near the middle 
of the cerebellum, and 
are known as the nucleus 
emboliformis, nucleus glo- 
bosus, and nucleus fastigii. 

The nucleus dentatus 
(fig. 819) is situated a little 
to the medial side of the 
centre of the stem of the 
white substance of the hemisphere. It consists of an irregularly folded grey 
lamina, containing a white centre, and presenting on its anteromedial aspect 
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(d) The olivospinal fasciculus (Helweg) arises in the vicinity of the inferior 
olivary nucleus in the medulla oblongata and is seen only in the cervical region 
of the medulla spinalis, where it forms a small triangular area at the periphery, 
close to the most lateral of the anterior nerve-roots. Its exact origin and its 
mode of ending have not been definitely made out. 

2. Ascending fasciculi. — (a) The direct cerebellar tract of Flecksig (posterior 
.spinocerebellar fasciculus) is situated at the periphery of the posterior portion 
of the lateral funiculus, and on transverse section appears as a flattened band 
reaching as far forwards as a line drawn transversely through the central canal 
of the medulla spinalis. Medially it is in contact with the lateral cerebrospinal 
fasciculus ; behind, with the fasciculus of Lissauer. It begins about the level 
of the second or third lumbar nerve, increases in size as it ascends, and finally 
passes to the cerebellum through the restiform body. Its fibres are the axons 
of the cells of the dorsal nucleus (Clarke’s column) of the same side ; they 
receive their medullary sheaths about the sixth or seventh month of fcetal life. 

(b) The superficial anterolateral fasciculus (tract of Gowers) skirts the peri- 
phery of the lateral funiculus in front of the direct cerebellar tract. In trans- 
verse section it is shaped somewhat like a comma, the expanded end lying in 
front of the lateral cerebrospinal fasciculus while the tail reaches forwards into 
the anterior funiculus. Its fibres are derived from the cells of the dorsal nucleus 
and from other cells of the posterior column. The superficial anterolateral 
fasciculus begins about the level of the third pair of lumbar nerves, and, in- 
creasing in size as it ascends, can be followed into the medulla oblongata and 
pons. It consists of three fasciculi: (1) the anterior spinocerebellar , partly 
crossed and partly uncrossed, passes to the cerebellum by way of the brachia 
conjunctiva ; (2) the lateral spinothalamic ends in the thalamus ; and (3) the 
spinotectal passes to the corpora quadrigemina. 

(c) The fasciculus of Lissauer is a small strand situated at the tip of the 
posterior grey column, close to the entrance of the posterior nerve-roots. It 
consists of fine fibres which do not receive their medullary sheaths until near 
the close of foetal life ; some of its fibres are said to remain non-medullated 
throughout life. It is usually regarded as being formed by some of the lateral 
fibres of the posterior nerve-roots, which ascend for a short distance in the 
tract and then enter the posterior grey column, but its fibres are myelinated 
later than those of the posterior nerve-roots, and do not undergo degeneration 
in locomotor ataxia ; they are probably intersegmental in character. 

(d) The fasciculus proprius lateralis (lateral basis bundle) constitutes the 
remainder of the lateral funiculus, and is continuous in front with the anterior 
proper fasciculus. It consists chiefly of intersegmental fibres which arise from 
cells in the grey substance, and, after a longer or shorter course, re-enter the 
grey substance and ramify in it. Most of the intersegmental fibres of the 
anterior and lateral proper fasciculi are confined to the same side, but some 
cross to the opposite side, of the medulla spinalis. Some of the fibres of the 
lateral proper fasciculus are continued upwards into the brain under the name 
of the medial longitudinal fasciculus. 

Fasciculi in the posterior funiculus. — This funiculus comprises two 
main fasciculi, viz. the fasciculus gracilis and the fasciculus cuneatus. These 
are separated from each other in the cervical and upper thoracic regions by 
the postero-intermediate septum (p. 787), and consist mainly of ascending fibres 
derived from the posterior nerve-roots. 

The fasciculus gracilis (tract of Goll) lies next the posterior median septum, 
'and is wedge-shaped on transverse section, its base being at the surface of the 
medulla spinalis. It increases in size from below upwards (fig. 793), and con- 
sists of long thin fibres which are derived from the posterior nerve-roots, and 
ascend as far as the medulla oblongata, where they end in the nucleus gracilis. 

The fasciculus cuneatus (tract of Burdach) is triangular on transverse section, 
and lies between the fasciculus gracilis and the posterior grey column, with its 
base on the surface of the medulla spinalis. Its fibres^ larger than those of 
the fasciculus gracilis, are mostly derived from the same source, viz. the posterior 
nerve-roots. Some of its fibres ascend for only a short distance, and, entering 
the grey substance, come into relationship with the cells of the dorsal nucleus ; 
•others can be traced as far as the medulla oblongata, where they end in the 
nucleus gracilis and nucleus cuneatus. 
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Lateral boundaries. — The lower part of each lateral boundary is con- 
stituted by the clava, the fasciculus euneatus, and the restiform body ; the 
upper part by the brachium pontis and the brachium conjunctivum. 

The roof or dorsal wall (fig. 820).— The upper portion of the roof is 
formed by the brachia conjunctiva and the anterior medullary velum ; 
the lower portion, by the posterior medullary velum, the epithelial lining of 
the ventricle covered by the tela chorioidea inferior, the tseniae of the ventricle, 
and the obex. 

The brachia conjunctiva (p. 818), on emerging from the central white sub- 
stance of the cerebellum, pass upwards and forwards, forming at first the 
lateral boundaries of the upper part of the ventricle ; on approaching the 
inferior colliculi, they converge, and their medial portions overlap the ventricle 
and form part of its roof. 

The anterior medullary velum (p. 817) fills the angular interval between 
the brachia conjunctiva, and is continuous behind with the central whit© 
substance of the cerebellum ; it is covered on its dorsal surface by the lingula 
of the superior vermis. 

The posterior medullary velum (p. 817) is continued downwards and forwards 
from the central white substance of the cerebellum in front of the nodule and 
tonsillse, and ends inferiorly in a thin, concave, somewhat ragged margin. 
Below this margin the roof of the ventricle is devoid of nervous matter except 
in the immediate vicinity of the lower lateral boundaries of the ventricle, 
where two narrow white bands, the tcenice of the fourth ventricle , appear ; these 
bands meet over the inferior angle of the ventricle in a thin triangular lamina, 
the obex. The non-nervous part of the roof is formed by the epithelial lining 
of the ventricle , which is prolonged downwards as a thin membrane, from the 
deep surface of the posterior medullary velum to the corresponding surface 
of the obex and taeniae, and thence on to the floor of the ventricular cavity ; 
it is covered and strengthened by a portion of the pia mater which is named 
the ‘tela chorioidea of the fourth ventricle. 

The tcenice of the fourth ventricle (ligulae) (fig. 821) are two narrow bands of 
white matter, one on either side, which complete the lower part of the roof of 
the ventricle. Each consists of a vertical and a horizontal part. The vertical 
part is -continuous with the clava, to which it is adherent by its lateral border. 
The horizontal portion extends transversely across the restiform body, below 
the striae medullares, and forms the roof of the lower and posterior part of the 
lateral recess ; it is attached by its lower margin to the restiform body, and 
partly encloses the chorioid plexus, which, however, projects beyond it like a 
cluster of grapes. The obex is a thin, triangular, grey lamina, which covers the 
lower angle of the ventricle and is attached by its lateral margins to the clavse. 
The tela chorioidea of the fourth ventricle is the name applied to the triangular 
fold of pia mater which is carried upwards between the cerebellum and the 
medulla oblongata. It consists of two layers, -which are continuous with 
each other in front, and are more or less adherent throughout. The posterior 
layer covers the antero -inferior surface of the cerebellum, while the anterior 
is applied to the structures wdiich form the lower part of the roof of the ventricle, 
and is continuous inferiorly with the pia mater on the restiform bodies and 
the closed part of the medulla. 

The openings in the roof. — In the roof of the fourth ventricle there are 
three openings, a median and two lateral : the median aperture (foramen 
Majendii) is situated immediately above the inferior angle of the ventricle ; the 
lateral apertures are found at the ends of the lateral recesses. Through these 
openings the ventricular cavity communicates with the subarachnoid cavity, 
and the cerebrospinal fluid can circulate from the one cavity to the other. 

The chorioid plexuses. — Two highly vascular fringe-like processes of the 
tela chorioidea are named the chorioid plexuses of the fourth ventricle ; they 
invaginate the lower part of the roof of the ventricle and are everywhere covered 
by the epithelial lining of the cavity. Each consists of a vertical and a hori- 
zontal portion : the former lies close to the middle line, and the latter passes 
into the lateral recess and projects through the lateral aperture. The vertical 
parts of the plexuses are distinct from each other, but the horizontal portions 
are joined in the middle line ; and hence the entire structure presents the form 
of the letter T, the vertical limb of which, however, is double. 
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The rhomboid fossa (fig. 821). — The anterior wall or floor of the fourth 
ventricle is named, from its shape, the rhomboid fossa ; it is formed by the 
posterior surfaces of the pons and medulla oblongata. It is covered by a lave? 
of grey substance continuous with that of the medulla spinalis ; superficial 
to this is a thin lamina of neuroglia which constitutes the ependyma of the 
ventricle and supports a layer of ciliated epithelium. The fossa consists of 
three parts, superior, intermediate, and inferior. The superior part is triangular 
in shape and limited laterally by the brachia conjunctiva cerebelli ; its apex, 
directed upwards, is continuous with the cerebral aqueduct ; its base is 
represented by an imaginary line at the level of the upper ends of two small 
depressions, named the superior fovese. The intermediate part extends from 
this level to that of the horizontal portions of the taeniae of the ventricle and 


.Fig. 821. — The rhomboid fossa. 
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is prolonged into the lateral recesses. The inferior part is triangular, and its 
downwardly directed apex, named the calamus scriptorius , is continuous with 
the wall of the central canal of the closed part of the medulla oblongata. 

The rhomboid fossa is divided into symmetrical halves by a median sulcus 
which reaches from the upper to the lower angle of the fossa and is deeper 
below than above. On either side of this sulcus is an elevation, the medial 
eminence , bounded laterally by a sulcus, the sulcus limitans. In the superior 
part of the fossa the medial eminence has a width equal to that of the corre- 
sponding half of the fossa, but opposite the superior fovea it forms an elongated 
swelling, the colliculus facialis, which overlies the nucleus of the abducent 
nerve, and is in part produced by the ascending portion of the root of the 
facial nerve. In the inferior part of the fossa the medial eminence assumes 
the form of a triangular area, the trigonum hypoglossi . When examined under 
water with a lens the trigonum hypoglossi is seen to consist of a medial and 
a lateral area separated by a series of oblique furrows ; the medial area corre- 
sponds with the upper part of the nucleus of the hypdglossal nerve, the lateral 
with a small nucleus, the nucleus intercalate. 

Th e sulcus limitans forms the lateral boundary of the medial eminence. 
Its superior part corresponds with the lateral limit of the fossa and presents 
a bluish-grey area, the locus cceruleus , which owes its colour to a patch of deeply 
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pigmented nerve-cells, termed the substantia ferrugmea. At the level of 
the colliculus facialis the sulcus limitans widens into a flattened depression, 
the superior fovea , and in the inferior part of the fossa appears as a distinct 
dimple, the inferior fovea. Lateral to the fovese is a rounded elevation named 
the area acustica, which extends into the lateral recess. Winding round the 
restiform body and crossing the area acustica and the medial eminence are 
a number of white strands, the strive, medullar es (striae acusticae), which form 
a portion of the cochlear division of the acoustic nerve and disappear into the 
median sulcus. Below the inferior fovea, and betw r een the trigonum hypoglossi 
and the lower part of the area acustica, is a triangular dark field, the ala cinerea , 
in which the sensory fibres of the vagus and glossopharyngeal nerves end. 
The lower part of the ala cinerea is crossed by a narrow translucent ridge, 
the funiculus separans, and between this funiculus and the clava is a small 
tongue-shaped area, the area postrema. On section it is seen that the funiculus 
separans is formed by a strip of thickened ependyma, and the area postrema 
by loose, highly vascular, neuroglial tissue containing nerve-cells of moderate 
size. 


THE MESENCEPHALON OR MID-BRAIN 


Fig. 822 . — A transverse section through the 
mid-brain. Schematic. (Testut.) 


The mesencephalon or mid-brain is the short, constricted portion which 
connects the pons and cerebellum with the thalamencephalon and cerebral 
hemispheres. It is directed up- 
wards and forwards, and consists 
of (I) a ventrolateral portion, 
composed of a pair of cylindri- 
cal bodies, named the cerebral 
peduncles ; (2) a dorsal portion, 
consisting of four rounded emi- 
nences, named the corpora quadri- 
gemina ; and (3) an intervening 
passage or tunnel, the cerebral 
aqueduct , which represents the 
original cavity of the mid-brain, 
and connects the third and fourth 
ventricles (fig. 822). 

The cerebral peduncles 
(crura cerebri) (fig. 798) are two 
cylindrical masses situated at 
the base of the brain, and 
largely hidden by the tem- 
poral lobes of the cerebrum, 
which must be drawn aside or 
removed in order to expose them. 

They emerge from the upper 
surface of the pons, one on 
either side of the middle fine, and, 
diverging as they pass upwards 
and forwards, disappear into the 
substance of the cerebral hemi- 
spheres. Curving round each 
peduncle, close to the upper sur- 
face of the pons, a thin white 
band, the tcenia pontis , is fre- 
quently seen ; it enters the cerebellum between the braehium pontis and 
brachium conjunctivum. The depressed area between the diverging cerebral 
peduncles is termed the interpeduncular fossa, and consists of a layer of greyish 
substance, the posterior perforated substance , which is pierced by small apertures 
for the transmission of blood-vessels. The lower part of the posterior perforated 
substance lies on the ventral aspect of the tegmenta, and contains^ a nucleus 
named the interpeduncular ganglion (p. 827) ; its upper part assists in forming 
the floor of the third ventricle. 
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The ventral surface of each peduncle is crossed behind, from the medial to 
the lateral side, by the superior cerebellar and posterior cerebral arteries, while, 
close to the point of disappearance of the peduncle into the cerebral hemisphere, 5 
the optic tract winds forwards around it. The medial surface of the peduncle 
forms the lateral boundary of the interpeduncular fossa, and is marked by a 


Fig. 823. — A transverse section through the mid-brain at the level of the inferior 

eollieuli. 
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Fig. 824. — A transverse section through the mid-brain at the level of the superior 

colliculi. 
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longitudinal furrow, the oculomotor sulcus , from w r hich the roots of the oculo- 
motor nerve emerge (fig. 824). The lateral surface of the peduncle is in rela-. 
tion with the gyrus hippocampi of the cerebral hemisphere and is crossed 
from behind forwards by the trochlear nerve (fig. 789). ' Running along this 
surface is a longitudinal furrow, termed the 4 lateral sulcus ; the fibres of the 
lateral lemniscus come to the surface in this sulcus, and pass backwards and 
upwards, to disappear under the inferior colliculus. 

Structure of the cerebral peduncles (figs. 823, 824).— On transverse 
section, each peduncle is seen to consist of a dorsal and a ventral part, separated 
by a deeply pigmented lamina of grey substance, termed the substantia nigra . 
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The dorsal part is named the tegmentum ; the ventral, the base or crus hi. The 
bases of the peduncles are separated from each other, but the tegmenta are 
joined in the median plane by a forward prolongation of the raphe of the 
pons. Laterally, the tegmenta are free ; dorsally, they blend with the corpora 
quadrigemina. 

The base (crusta or pes) is semilunar on transverse section, and consists 
almost entirely of longitudinal bundles of efferent fibres which arise from the 
cells of the cerebral cortex and are grouped into three principal sets, viz. cerebro- 
spinal, frontopontine, and temporopontine (fig. 822). The cerebrospinal fibres 
are derived from the cells of the motor area of the cerebral cortex and occupy 
the middle three-fifths of the base ; some of them end in the nuclei of the motor 
cerebral nerves of the opposite side, but most of them pass into the pyramids 
of the medulla oblongata. The frontopontine fibres are situated in the medial 
fifth of the base ; they arise from the cells of the frontal lobe and end in the 
nuclei of the pons. The temporopontine fibres are lateral to the cerebrospinal, 
fibres ; they originate in the temporal lobe and end in the nuclei of the pons.* 

The substantia nigra is a layer of grey substance containing numerous 
deeply pigmented, multipolar nerve-cells. It is semilunar on transverse section, 
its concavity being directed towards the tegmentum : from its convex surface, 
processes extend between the fibres of the base of the peduncle. Thicker 
medially than laterally, it reaches from the oculomotor sulcus to the lateral 
sulcus, and extends from the upper surface of the pons to the subthalamic 
region ; its medial part is traversed by the fibres of the oculomotor nerve as 
these stream forwards to reach the oculomotor sulcus. The substantia nigra 
receives afferent fibres from the corpus striatum of the same, and of the opposite 
side, and sends efferent fibres to the reticular formation of the tegmentum. 

The tegmentum is continuous below with the reticular formation of the 
pons, and, like the latter, consists of a considerable amount of grey substance 
together with longitudinal and transverse fibres. The principal grey masses of 
the tegmentum are the red nucleus and the interpeduncular ganglion ; of its 
fibres the chief longitudinal tracts are the brachium conjunctivum, the medial 
longitudinal fasciculus, and the lemniscus. 

Grey substance . — The red nucleus is situated in the anterior part of the 
tegmentum, and is continued upwards into the posterior part of the subthalamic 
region. In sections at the level of the superior colliculus it appears as a circular 
mass which is traversed by the fibres of the oculomotor nerve. Most of the 
ascending branches of the opposite brachium conjunctivum (p. 818) end in this 
nucleus ; it also receives fibres from the corpus striatum and the frontal lobe. 
The axons of some of its cells cross the middle line and are continued down- 
wards into the lateral funiculus of the medulla spinalis as the rubrospinal tract 
(p. 794) ; those of other cells end in the thalamus, the nucleus of the lateral 
lemniscus, and in the reticular formation of the medulla oblongata. 

The interpeduncular ganglion is a median collection of nerve-cells situated 
in the ventral part of the tegmentum. The fibres of the fasciculus retro flexus 
of Meynert, which have their origin in the cells of the ganglion habenulae (p. 836), 
end in the interpeduncular ganglion. 

Besides the two nuclei mentioned, there are small collections of nerve-cells 
which form the dorsal and ventral nuclei and the central nucleus or nucleus 
of the raphe. 

White substance. — (1) The origin and course of the brachium conjunctimim 
have already been described (p. 818). 

(2) The medial ( posterior ) longitudinal fasciculus (fig. 825) is continuous 
below with the f asciculi proprii of the anterior and lateral funiculi of the medulla 
spinalis ; and has been traced by Edinger as far as a nucleus, the nucleus of the 
medial longitudinal fasciculus, situated in the hypothalamus, immediately in 
front of the cerebral aqueduct. In the medulla oblongata and pons, it runs 
close to the middle line, near the floor of the fourth ventricle ; in the mesen- 

* A band of fibres, the tractus peduncularis t transverms, is sometimes seen emerging from in 
front of the superior colliculus ; it passes round the ventral surface of the peduncle about midway 
between the pons and the optic tract, and dips into the oculomotor pulcus. This band is a 
constant structure in many mam mals, but is only present in about thirty per cent, of human 
brains. Since it undergoes atrophy after enucleation of the eyeballs, it may be considered as 
forming a path for visual sensations. 
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cephalon, it is situated on the ventral aspect of the cerebral aqueduct, below 
the nuclei of the oculomotor and trochlear nerves. Its connexions are imper- 
fectly known, but it consists largely of ascending and descending intersegmental 
or association fibres, which connect the nuclei of the rhombencephalon and 
mesencephalon to each other. It forms an important link between the nuclei 
of the oculomotor, trochlear, and abducent nerves, and conveys fibres from the 
nucleus of the abducent nerve into the trochlear nerve of the opposite side and 
through this nerve to the Rectus medialis oculi. Many fibres enter it from the 
lateral nucleus (Deiters 5 nucleus) of the vestibular nerve, and divide into 

Fig. 825 . — A scheme of the medial longitudinal fasciculus: motor fibres in red, 
sensory fibres in blue. 



ascending and descending branches ; the former ending in the nuclei of the 
oculomotor, trochlear, and abducent nerves, the latter passing into the anterior 
funiculus of the spinal medulla. Fibres arise in the superior colliculus and in 
the nucleus of the medial longitudinal fasciculus and, after decussating in the 
middle line, end in the motor nuclei of the pons and medulla oblongata. Other 
fibres ascend from the grey matter of the spinal medulla and from the nuclei 
in the medulla oblongata to the nuclei in the pons and mid-brain. Fibres are 
said to be prolonged through this fasciculus from the nucleus of the oculomotor 
nerve into the facial nerve, and through the latter nerve to the Orbicularis oculi,. 
the Corrugator, and the Frontalis.* 

The fibres of the lemniscus ox fillet (fig. 827) take origin in the nucleus gracilis 
and nucleus cuneatus of the medulla oblongata, and cross to the opposite side 

* Bruce and Pirie (‘ On the Origin of the Facial Nerve,’ Review of Neurology and Psychiatry, 
vol. vi. No. 12, December 1908) produce weighty evidence against the view that the facial nerve 
derives fibres from the nucleus of the oculomotor, nerve. 
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in the sensory decussation (p. 805). They then pass upwards through the 
medulla oblongata, in which they are situated behind the cerebrospinal fibres. 
Here they are joined by the fibres of the spinothalamic fasciculi, these having 
already undergone decussation in the medulla spinalis. As the lemniscus 
ascends, it receives additional fibres from the terminal nuclei of the sensory 
cerebral nerves of the opposite side. In the pons, it assumes a flattened, ribbon- 
like appearance, and is placed dorsal to the trapezium. In the mesencephalon, 
its lateral part is folded backwards and forms nearly a right angle with its 
medial portion ; and hence it is customary to speak of a lateral and a medial 
lemniscus. 

The lateral lemniscus comes to the surface in the lateral sulcus of the mid- 
brain, and disappears under the inferior colliculus. It consists of fibres from 
the terminal nuclei of the cochlear division of the acoustic nerve, together 
with others from the superior olivary and trapezoid nuclei. Most of the 
fibres of the lateral lemniscus end in 


the inferior colliculus but some reach 
the medial geniculate body through the 
inferior quadrigeminal brachium. 

The medial lemniscus begins in the 
nucleus gracilis and nucleus cuneatus 
of the opposite side, and is joined by 
the spinothalamic fasciculi of the 
medulla spinalis, and by fibres from 
the terminal nuclei of the sensory 
cerebral nerves of the opposite side, 
excepting the cochlear division of 
the acoustic nerve. In the cerebral 
peduncle, a few of its fibres pass up- 
wards in the lateral part of the base 
of the peduncle on the dorsal aspect of 
the temporopontine fibres, and reach 
the lentiform nucleus and the insula. 
With this exception the fibres of the 
medial lemniscus are prolonged through 
the tegmentum into the thalamus, 
around the cells of which they form 
arborisations. From the cells of the 
thalamus a relay of fibres is prolonged 
to the cerebral cortex. 


Fit*. 820 . — A transverse section through 
the sensory decussation (decussation of 
the lemniscus). Schematic. (Testut.) 
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The corpora quadrigemina (fig. 831) are four rounded eminences which 
form the dorsal part of the mesencephalon. They are situated above and 
in front of the anterior medullary velum and brachia conjunctiva, and below and 
behind the third ventricle and posterior commissure. They are covered by 
the splenium of the corpus callosum, and are partly overlapped on either 
side by the medial angle, or pulvinar, of the posterior end of the thalamus. 
The corpora quadrige min a are arranged in pairs (superior and inferior colliculi), 
and are separated from one another by a crucial sulcus. The longitudinal 
part of this sulcus expands superiorly to form a slight depression which supports 
the pineal body , a cone-like structure which projects backwards from the 
thalamencephalon and partly obscures the superior colliculi. From the inferior 
end of the longitudinal sulcus a white hand, termed the frenulum veil, is 
prolonged downwards to the anterior medullary velum ; on either side of 
this band the trochlear nerve emerges, and passes forwards on the lateral aspect 
of the cerebral peduncle to reach the base of the brain. The superior colliculi 
are larger and darker in colour than the inferior, and are oval in shape. The 
inferior colliculi are hemispherical, and somewhat more prominent than the 
superior. The superior colliculi are associated with the sense of sight, the inferior 
with that of hearing. 

From the lateral aspect of each colliculus a white band, termed the brachium , 
is prolonged, upwards and forwards. The superior brachium extends lateral- 
wards from the superior colliculus, and, passing between the pulvinar and 
medial geniculate body, is partly continued into an eminence called the lateral 
geniculate body, and partly into the optic tract. The inferior brachium passes 
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forwards and upwards from the inferior colliculus to which it conveys fibres 
from the lateral lemniscus to the medial geniculate body. 

In close relationship with the corpora quadrigemina are the brachia con- 
junctiva, which emerge from the upper and medial parts of the cerebellar 
hemispheres. They run upwards and forwards, and, passing under the inferior 
colliculi, enter the tegmenta as already described (p. 818). 

Structure of the corpora quadrigemina. — The inferior colliculus 
consists of a compact nucleus of grey substance which contains large and small 


Fig. 827. — A scheme showing the course of the fibres of the lemniscus ; medial 
lemniscus in blue, lateral in red. 



multipolar nerve-cells, and is more or less completely surrounded by fibres 
derived from the lateral lemniscus ; most of these fibres end in the grey .nucleus 
of the same side, but some cross to that of the opposite side. From the cells 
of the grey nucleus, fibres are prolonged through the inferior braehium into 
the tegmentum of the cerebral peduncle, and are carried to the thalamus and 
the cortex of the temporal lobe ; other fibres cross the middle line and end in the 
opposite colliculus. 

The superior colliculus is covered by a thin stratum ( stratum zonale) of 
white fibres, the majority of which are derived from the optic tract. Beneath 
this is the stratum cinereum , a cap-like layer of grey substance, thicker in 
the centre than at the circumference, and consisting of numerous small multi- 
polar nerve-cells Embedded in a fine network of nerve-fibres. Still deeper is 
the stratum opticum , containing large multipolar nerve-cells separated by 
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numerous fine nerve-fibres. Finally, there is the stratum lemnisci , consisting 
of fibres derived partly from the lemniscus and partly from the cells of the 
stratum opticum ; interspersed among these fibres are" many large multipolar 
nerve-cells. Of the afferent fibres which reach the superior colliculus, the 
majority have their origins in the retina and are conveyed to the superior 
colliculus through the superior brachium ; all of them end by arborising 
around the cells of the grey substance. Of the efferent fibres, a few cross 
the middle line to the opposite colliculus ; many, after undergoing decussation 
(fountain decussation of Meynert ), descend in the medial longitudinal fasci- 
culus, some ending in the nuclei of the oculomotor, trochlear and abducent 
nerves, while others are continued downwards under the name of the tecto- 
spinal fasciculus through the formatio reticularis of the mesencephalon, pons 
and medulla oblongata into' the medulla spinalis, where they are found in the 
anterior and lateral funiculi. 

The corpora quadrigemina are relatively larger in the lower mammals than 
in man. In fishes, reptiles, and birds, there are only two, hollow, colliculi 
(corpora bigemina) ; they represent the superior colliculi of mammals, and 
are frequently termed the optic lobes, because of their intimate connexion 
with the optic tracts. 

The cerebral aqueduct (aqueduct of Sylvius) is a narrow canal, about 
15 mm. long, situated between the corpora quadrigemina and tegmenta, and 
connecting the third with the fourth ventricle. Its form, as seen in transverse 
sections, varies # at different levels, being T-shaped below, triangular above, 
and oval in the middle ; its central part is slightly dilated, and was named 
by Retzius the ventricle of the mid-brain . It is lined by ciliated columnar 
epithelium, and is surrounded by a layer of grey substance named the central 
grey stratum ; this is continuous below with the grey substance in the rhomboid 
fossa, and above with that of the third ventricle. Dorsallv, the aqueduct is 
partly separated from the grey substance of the quadrigeminal bodies by the 
fibres of the lemnisci ; ventral to it are the medial longitudinal fasciculus, 
and the formatio reticularis of the tegmentum. Scattered throughout the 
central grey stratum are numerous nerve-cells of various sizes, interlaced by 
a network of fine fibres.. Besides these scattered cells it contains three groups 
which constitute the nucleus of the mesencephalic root of the trigeminal nerve 
and the nuclei of the oculomotor and trochlear nerves. The nucleus of the 
mesencephalic root of the trigeminal nerve extends along the entire length of the 
aqueduct, and occupies the lateral part of the grey stratum, while the nuclei 
of the oculomotor and trochlear nerves are situated in its ventral part. The 
nucleus of the oculomotor nerve is about 10 mm. long, and lies mainly under the 
superior colliculus, beyond which, however, it extends for a short distance into 
the grey substance of the third ventricle. The nucleus of the trochlear nerve is 
small and nearly circular, and is on a level with a plane carried transversely 
through the upper part of the inferior colliculus. 


THE PROSENCEPHALON OR FORE-BRAIN 

The prosencephalon or fore-brain consists of : (1) the diencephalon t 
corresponding in a large measure to the third ventricle and the structures 
which bound it ; and (2) the telencephalon , comprising the largest part of the 
brain, viz. the cerebral hemispheres ; these hemispheres are connected with 
each other across the middle line, and each contains a large cavity, named 
the lateral ventricle. The lateral ventricles communicate through the inter- 
ventricular foramen -with the third ventricle, but are separated from each other 
by a median septum, the septum pellucidum ; this contains a slit-like cavity, 
which does not communicate with the ventricles. 


• The Diencephalon 

The diencephalon is connected above and in front with the cerebral 
hemispheres ; behind with the mesencephalon. Its upper surface is concealed 
by the corpus callosum, and is covered by a fold of pia mater, named the 
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tela chorioidea of the third ventricle ; interiorly it reaches to the base of 
the brain. The diencephalon comprises : (1) the thalamencephalon ; (2) the 
pars mamillaris hypothalami ; and (3) the posterior part of the third ventricle. 

Eor descriptive purposes, however, it is more convenient to consider the 
whole of the third ventricle and its boundaries together : this necessitates 
the inclusion, under this heading, of the pars optica hypothalami and the 
corresponding part of the third ventricle — structures which properly belong 
to the telencephalon. * . 

The thalamencephalon comprises: (1) the thalamus; (2) the meta- 
thalamus or corpora geniculata ; and (3) the epithalamus, consisting of the 
trigonum habenulse, the pineal body, and the posterior commissure. 


Eig. S2S. — The ventricles of the brain. Exposed from above. 



The thalami (figs. 828, 829) are two large ovoid masses, situated one on 
either side of the third ventricle and reaching for some distance behind that 
cavity. Each thalamus is about 4 cm. long, and has two ends and four 
surfaces. 

The anterior end is narrow ; it lies close to the middle line and forms the 
posterior boundary of the interventricular foramen. 

The posterior end is expanded, directed backwards and lateralwards, and 
overlaps the superior colliculus. Medially, this end presents an angular 
prominence, the pulvinar , which is continued laterally into an oval swelling, 
the lateral geniculate body , while beneath the pulvinar, but separated from 
it by the superior braehium, is a second oval swelling, the medial geniculate 
body . 

The superior surface is free, slightly convex, and covered by a layer of 
white substance, termed the stratum zonale. It is separated laterally from 
the ventricular surface of the caudate nucleus by a white band, the stria 
terminalis, and by the terminal vein. It is divided into a medial and a lateral 
portion by an oblique shallow furrow which runs from behind forwards and 
medialwards and corresponds with the lateral margin of the fornix ; the lateral 
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part forms a portion of the floor of the lateral ventricle, and is covered with 
the ependyma and epithelium of that cavity ; the medial part is covered with 
the tela chorioidea of the third ventricle. In front, the superior surface is 
separated from the medial surface by a salient margin, the tcenia thalami, from 
which the epithelial lining of the third ventricle is reflected to the under 
surface of the tela chorioidea. Behind, it is limited medially by a groove, 
the sulcus habenulae which intervenes between it and a small triangular area 
termed the trigonum habenulae . 


Tig. 829. — A coronal section through the brain at the anterior part of the pons. 
^ Anterior aspect. 
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The inferior surface rests upon and is continuous with the upward pro- 
longation of the tegmentum {subthalamic tegmental region ), in front of which 
it is related to the 'substantia innominata of Meynert (p. 860). 

The medial surface constitutes the upper part of the lateral wall of the 
third ventricle ; it is covered by a thin layer of grey substance, and is con- 
nected to the corresponding surface of the opposite thalamus by a flattened 
grey hand, the massa intermedia (middle or grey commissure). This band 
lies close behind the interventricular foramen, and averages about 1 cm. in 
its anteroposterior diameter : it sometimes consists of two parts, and occa- 
sionally is absent. It contains nerve- cells and nerve-fibres ; a few of the 
latter may cross the middle line, but most of them pass towards the middle 
line and then curve lateralwards on the same side. 

The lateral surface is in contact with a thick band of white substance which 
forms the occipital part of the internal capsule and separates the thalamus 
from the lentiform nucleus of the corpus striatum. 

G.A. ■ 2D 
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Structure. — The thalamus consists chiefly of grey substance, but its upper 
surface is covered by a layer of white substance, named the stratum zonale , 
and its lateral surface by a similar layer termed the lateral medullary lamina. 
Its grey substance is incompletely subdivided into three parts — anterior, 
medial, and lateral — by a white layer, the medial medullary lamina. The 
anterior part comprises the anterior tubercle, the medial part lies next the 
lateral wall of the third ventricle, while the lateral and largest part is interposed 
between the medial and lateral medullary laminae and includes the pulvinar. 


Fig. 830. — A coronal section through the brain, passing through the intermediate 
mass of the third ventricle. Anterior aspect. 
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The lateral part is traversed by numerous fibres which radiate from the thalamus 
into the internal capsule, and pass through the latter to the cerebral cortex. 
These three parts are built up of numerous nuclei, the connexions of many of 
which are imperfectly known. 

Connexions. — The thalamus may be regarded as a large, ganglionic mass 
in which the ascending tracts of the tegmentum and a considerable proportion 
of the fibres of the optic tract end, and from the cells of which numerous fibres 
(thalamocortical) take origin, and radiate to almost every part of the cerebral 
cortex. The lemniscus, together with the other longitudinal strands of the 
tegmentum, enters its ventral part : the thalamomamillary fasciculus (bundle 
of Yicq d J Azyr), from the corpus mamillare, enters its anterior tubercle, while 
many of the fibres of the optic tract terminate in its posterior end. The 
thalamus also receives fibres (corticothalamic) from the cells of the cerebral 
cortex and others from the red nucleus and the brachium conjunct ivum. 
The fibres arising from the cells of the thalamus form four principal groups or 
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stalks : (a) those of the anterior stalk pass from the lateral part of the thalamus 
through the frontal part of the internal capsule to the frontal lobe ; (b) the fibres 
of the posterior stalk (optic radiations) arise in the pulvinar and lateral geniculate 
body, and are conveyed through the occipital part of the internal capsule to 
the occipital lobe ; (c) the fibres of the inferior stalk leave the under and medial 
surfaces of the thalamus, and pass beneath the lentiform nucleus to the temporal 
lobe and insula ; (d) those of the parietal stalk pass from the lateral surface 
of the thalamus to the parietal lobe. Fibres also extend from the thalamus 
into the caudate and lentiform nuclei of the corpus striatum — those destined 
for the caudate nucleus leave the lateral surface, and those for the lentiform 
nucleus the inferior surface, of the thalamus. A large descending fasciculus 
(thalamo- olivary) ends in the inferior olivary nucleus. 


Fig. 831. — The hind-brain and the mid-brain. Posterolateral aspect. 
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The metathalamus (fig. 831) comprises the geniculate bodies, which are 
two in number — a medial and a lateral — on either side. 

The medial geniculate body lies under cover of the pulvinar of the thalamus 
and on the lateral aspect of the corpora quadrigemina. Oval in shape, with 
its long axis directed forwards and lateralwards, it is lighter in colour and 
smaller in size than the lateral geniculate body. The inferior brachium from 
the inferior colliculus disappears under cover of it, while from its lateral extre- 
mity a strand of fibres passes to join the optic tract. It receives many acoustic 
fibres from the lateral lemniscus, and its cells send a relay of similar fibres to 
the cortex of the temporal lobe. The medial geniculate body is connected 
with the inferior colliculus of the opposite side by the commissure of Gudden, 
the fibres of which pass through the posterior part of the optic chiasma and 
run in the medial parts of the optic tracts. 

The lateral geniculate body is an oval elevation on the lateral part of the 
posterior end of the thalamus, and - is connected with the superior colliculus 
by the superior brachium. It is of a dark colour, and presents a laminated 
arrangement consisting of alternate layers of grey and white substance. It 
receives most of the fibres of the optic tract, but some fibres of this tract . pass 
over or through it into the pulvinar. Its cells are large and pigmented ; their 
axons pass to the visual area in the occipital part of the cerebral cortex. 
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The superior colliculus, the pulvinar, and the lateral geniculate body are 
termed the lower visual centres . Extirpation of the eyes in new-born animals 
entails an arrest of the development of these centres, but has no effect on the 
medial geniculate bodies or on the inferior colliculi. Moreover, the latter are 
well developed in the mole, an animal in which the superior colliculi are 
rudimentary. 

The epithalamus comprises the trigonum habenulae, the pineal body, and 
the posterior commissure. 

The trigonum habenulae is a small depressed triangular area situated in front 
of the superior colliculus and on the lateral aspect of the posterior part of the 
tsenia thalami. It contains a group of nerve-cells termed the ganglion habenulae. 
Fibres reach this ganglion from the anterior perforated substance through the 
medullary stria which runs along the junction of the medial with the upper 
surface of the thalamus ; some fibres, forming what is termed the habenular 


Fig-. 832.— A section through the pineal body of a child aged 13 months. Stained 
with hsematoxylin and eosin. x 400. 



commissure , cross to the ganglion of the opposite side. Most of its fibres are, 
however, directed downwards and form the fasciculus retroflexus of Meynert, 
which passes medially to the red nucleus, and, after decussating with the corre- 
sponding fasciculus of the opposite side, ends in the interpeduncular ganglion. 

The pineal body (fig. 828) is a small, conical, reddish-grey body which lies in 
the depression between the superior colliculi. It is placed beneath the splenium 
of the corpus callosum, but is separated from this by the tela chorioidea of the 
third ventricle, the lower layer of which envelops it. It measures about 8 mm. 
in length, and its base, directed forwards, is attached by a stalk or peduncle of 
white substance. The stalk divides anteriorly into two laminae, a dorsal and 
a ventral, which are separated from one another by the pineal recess of the 
third ventricle. The ventral lamina is continuous with the posterior com- 
missure ; the dorsal lamina is continuous with the habenular commissure, and 
divides into two strands, termed the medullary striae, which run forwards, 
one on either side, along the junction of the medial and upper surfaces of the 
thalamus to blend in front with the columns of the fornix. 

Structure (fig. 832). — The bulk of the parenchyma of the pineal gland consists of rounded 
cells,' the so-called pineal cells, with irregular nuclei poor in chromatin. At birth a few 
neuroglia-cells and nerve-cells are present ; the latter have scanty protoplasm and angular 
nuclei rich in chromatin. Connective tissue cells and fibrils appear during the first year. 
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and gradually increase in quantity ; tlie rate at which fibrosis takes place is very variable. 
Calcareous concretions are constantly present in the pineal body after the seventeenth 
year ; spaces or cysts may also be present.* 

The human pineal body is phylogenetically homologous with tlm parietal eye of 
cvclostome fishes. Creutzfeldt has pointed out that it is best -i-.-v: p-:i in ruminants 
and horses, but absent in the elephant, seal, dasypus, mole, and many other animals, 
and he connects its presence with the possession of a relatively thin skin. 

Applied Anatomy. — The function of the pineal body in the human body is very un- 
certain. Probably it has an internal secretion, though this is not proved. Possibly its 
function is to regulate the pressure of the cerebrospinal fluid. The growth of a tumour 
in the pineal body, itself of rare occurrence, has led in a few instances to sexual precocity 
or to obesity. The operative removal of the pineal body from puppies produces no abnor- 
mality in their subsequent development. 


Fig. 833. — A median sagittal section through the brain. The relations of the 
pia mater are indicated by the red colour. 
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The posterior commissure is a rounded band of fibres crossing the middle 
line on the dorsal aspect of the upper end of the cerebral aqueduct. Its fibres 
acquire their medullary sheaths early, but their connexions have not been 
definitely determined. Most of them have their origin in a nucleus, 4 the nucleus 
of the posterior commissure , which lies in the central grey substance of the 
upper end of the cerebral aqueduct, in front of the nucleus of the oculomotor 
nerve ; some are probably derived from the posterior part of the thalamus and 
from the superior colliculus ; others are believed to be continued downwards 
into the medial longitudinal fasciculus. 

The hypothalamus (fig. 833) includes the subthalamic tegmental region 
and the structures forming the greater part of the floor of the third ventricle, 
viz. the corpora mamillaria, tuber cinereum, infundibulum, hypophysis, and 
optic chiasma, 

* Consult an abstract of an article by K. H. Krabbe in the Review of Neurology and Psychiatry , 
Edinburgh, 1915, xiii. 300. 
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The subthalamic tegmental region consists of the upward continuation of 
the tegmentum ; it lies on the ventrolateral surface of the thalamus and 
separates it from the fibres of the internal capsule. The red nucleus and the 
substantia nigra are prolonged into its lower part ; in front it is continuous 
with the substantia innominata of Meynert (p. 860), medially with the grey 
substance of the floor of the third ventricle. It consists from above downwards 
of three strata : (1) stratum dorsale, directly applied to the under surface of the 
thalamus and consisting of fine longitudinal fibres ; (2) zona incerta , a continua- 
tion forwards of the formatio reticularis of the tegmentum ; and (3) the corpus 
subihalamicum or nucleus of Luys , a brownish mass presenting a lenticular 
shape on transverse section, and situated on the dorsal aspect of the fibres 
of the base of the cerebral peduncle ; it is encapsuled by a lamina of nerve- 
fibres and contains numerous medium-sized nerve-cells the connexions of 
which are as yet not fully determined. 

The corpora mamillaria are two round white masses, each about the size 
of a small pea, placed side by side below the grey substance of the floor of 
the third ventricle in front of the posterior perforated substance. Each consists 
of white substance externally and of grey substance internally, the cells of 
the latter forming two nuclei, a medial of small and a lateral of large cells. 
The white substance is mainly formed by the fibres of the columns of the fornix, 

which descend to the base of 

Fig. 834 . — A sagittal section through the hypo- ^e and end partly in the 

phy sis cerebri, in situ. Schematic. (Testut.) corpora mamillaria. Erom the 

cells of the medial nucleus a 
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bundle of fibres arises and 
divides into a mamillothalamic 
fasciculus (bundle of Vicq 
cl’Azyr) which passes upwards 
into the anterior nucleus of the 
thalamus, and a mamilloteg- 
mental fasciculus which is 
directed downwards into the 
tegmentum. Afferent fibres are 
conveyed to the lateral nucleus 
from the tegmentum. 

The tuber cinereum is a 
hollow eminence of grey sub- 
stance situated between the 
corpora mamillaria behind, 
and the optic chiasma in front. 
Laterally it is continuous on 
either side with the anterior 
perforated substance, and an- 
teriorly with a thin lamina, the 
lamina terminalis. Erom the 


under surface of the tuber cinereum a hollow' conical process, the infundibulum , 
projects downwards and forwards and is attached to the posterior lobe of the 
hypophysis. 


In the lateral part of the tuber cinereum is a nucleus of nerve-cells, the basal optic 
nucleus of Meynert , and close to the cavity of the third ventricle are three additional 
nuclei. 

Between the tuber cinereum and the corpora mamillaria a small elevation, with a 
corresponding depression in the third ventricle, is sometimes seen. Retzius has named 
it the eminentia saccularis and regards it as a representative of the saccus vasculosus found 
in some of the lower vertebrates. 


The hypophysis (pituitary body) (fig. 834) is a reddish-grey, somewhat ovoid 
mass, measuring about 12 mm. in its transverse, and 8 mm. in its antero- 
posterior, diameter. It is attached to the end of the infundibulum, and is 
situated in the fossa hypophyseos of the sphenoidal bone, where it is retained 
by a circular fold of dura mater, the diaphragma sellce ; this fold almost 
completely roofs in the fossa, leaving only a small central aperture through 
which the infundibulum passes. * 
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The hypophysis consists of an anterior and a posterior lobe, which differ 
in their development and structure (fig. 835). The anterior lobe is the larger, 
and is somewhat kidney-shaped, the concavity being directed backwards 
and embracing the posterior lobe. It is developed from a diverticulum of 


Fig. S35. — A median sagittal section through the hypophysis of an adult 
monkey. Semicliagrammatic. (Herring.) 



Pars intermedia 


the ectoderm of the primitive buccal cavity or stomodseum (p. 135), and 
consists of a pars anterior and a pars intermedia, separated from each other 
by a narrow cleft, the remnant of the diverticulum. The ‘pars anterior 
is extremely vascular and consists of granular epithelial cells of varying 


Fig. 836. — A section of the hypophysis, x 100. 
Cleft 



size and shape, arranged in cord-like trabeculae or alveoli and separated 
by large, thin- walled blood-vessels. The pars intermedia is a thin lamina 
closely applied to the body and neck of the posterior lobe ; it contains a few 
blood-vessels and consists of finely granular cells between which are small 
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masses of colloid material. The posterior lobe is developed as a downgrowth 
from the floor of the embryonic brain, and during early foetal life contains 
a cavity continuous with that of the third ventricle. In some animals (e.g. cat) 
this cavity persists throughout life. Although of nervous origin the posterior 
lobe contains no nerve-cells or fibres. It consists of neuroglia-cells and fibres, 
and is invaded by cell- columns which grow into it from the pars intermedia ; 
imbedded in it are scattered masses of a colloid substance histologically similar 
to that found in the thyreoid gland. In certain of the lower vertebrates (e.g. 
fishes) nervous structures are present, and the lobe is of large size. 


Fig. 837. — A scheme showing the central connexions of the optic nerves and 

optic tracts. 
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Applied Anatomy . — Sharpey Schafer has isolated from the pars intermedia a substance, 
no doubt an internal secretion, that causes constriction of the blood-vessels, rise of arterial 
blood-pressure, and increased secretion of urine, when injected subcutaneously. The 
anterior lobe is said 4 4 to control calcium metabolism and the growth of the skeleton.” 
Enlargement of the hypophysis and of the cavity of the sella turcica is found in the rare 
disease acromegaly , which is characterised by gradual increase of the size of the face, hands, 
and feet, with headache and often a peculiar type of blindness. This blindness is due to 
the pressure of the enlarging hypophysis on the optic chiasma (fig. 834). The pressure 
causes atrophy of the nerve-fibres coming from the nasal sides of the retinae ; with the 
result that the patient loses his two temporal fields of vision while retaining his nasal 
fields (bitemporal hemianopsia). 

Optic chiasma.-- The optic chiasma (fig. 798) is a flattened, somewhat quadri- 
lateral band of fibres, situated at the junction of the floor and anterior wall of 
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the third ventricle. Most of its fibres have their origins in the ret hue. and reach 
the chiasma through the optic nerves, which are continuous with its antero- 
lateral angles. In the chiasma the fibres from the nasal half of the retina cross 
the middle line and enter the optic tract of the opposite side, while the fibres 
from the temporal half of the retina do not cross, but pass back into the optic 
tract of the same side. In the posterior part of the commissure there is a strand 
of fibres, the commissure of Gudden, which is not derived from the optic nerves ; 
it forms a connecting link between the medial geniculate bod3 T and the inferior 
colliculus of the opposite side. 

Optic tracts. — The optic tracts (figs. 798, 837) are continued backwards 
and lateralwards from the posterolateral angles of the optic chiasma. Each 
passes between the anterior perforated substance and the tuber cinereum, and, 
winding round the ventrolateral aspect of the cerebral peduncle, divides into a 
medial and a lateral root. The medial root comprises the fibres of Gudden’s 
commissure. The lateral root consists mainly of afferent fibres which arise in. 
the retina and undergo partial decussation in the optic chiasma, as described ; 
but it also contains a few r fine efferent fibres which have their origins in the 
brain and their terminations in the retina. When traced backwards, the 
afferent fibres of the lateral root are found to end in the lateral geniculate body 
and pulvinar of the thalamus, and in the superior colliculus ; and these three 
structures constitute the lower visual centres. Fibres arise from the nerve-cells 
in the lateral geniculate body and pulvinar, and pass through the occipital part 
of the internal capsule, under the name of the optic radiations , to the cortex 
of the occipital lobe of the cerebrum, where the higher or cortical visual centre 
is situated. Some of the fibres of the optic radiations take an opposite course, 
arising from the cells of the occipital cortex and passing to the superior colliculus. 
Some fibres from the superior colliculus cross the median plane and then pass 
to the nuclei of the oculomotor, trochlear, and abducent nerves. Some fibres 
reach the cerebellum through the brachia conjunctiva ; others (tectospinal) 
descend into the spinal medulla. 


The Third Ventricle 

The third ventricle (figs. 828, 833, 838) is a median cleft between the two 
thalami. Behind, it communicates with the fourth ventricle through the 
cerebral aqueduct, and in front with the lateral ventricles through the inter- 
ventricular foramen. Somewhat triangular in shape with the apex directed 
backwards, it has a roof, a floor, an anterior and a posterior boundary, and 
two lateral wulls. 

The roof (fig. 838) is formed by a layer of epithelium, which stretches between 
the upper edges of the lateral walls of the cavity and is continuous with the 
epithelial lining of the ventricle. It is covered by and adherent to a fold of 
pia mater, named the tela chorioidea of the third ventricle, from the under 
surface of which a pair of vascular fringed processes, the chorioid plexuses of 
the third ventricle , project dowmvards, one on either side of the middle line, 
and invaginate the epithelial roof into the ventricular cavity. 

The floor slopes downwards and forwards and is formed mainly by the 
structures which constitute the hypothalamus : from before backwards these 
are : the optic chiasma, the infundibulum and tuber cinereum, and the corpora 
mamillaria. Behind the last, the floor is formed by the posterior perforated 
substance and by the tegmenta of the cerebral peduncles. The ventricle is 
prolonged downwards as a funnel-shaped recess, the recessus infundibuli , into 
the infundibulum, to the apex of which the hypophysis is attached. 

The anterior boundary is constituted below by the lamina terminalis , a thin 
layer of grey substance stretching from the upper surface of the optic chiasma 
to the rostrum of the corpus callosum ; above by the columns of the fornix 
and the anterior commissure. At the junction of the floor and anterior wall, 
immediately above the optic chiasma, the ventricle presents a small angular 
recess or diverticulum, the optic recess . Between the columns of the fornix, 
and above the anterior commissure, is a second recess termed the vulva . At 
the junction of the roof with the anterior and lateral walls of the ventricle, 
and situated between the thalami behind and the columns of the fornix in 

G.A. 2 D 2 
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front, is the interventricular foramen (foramen of Monro) through which the 
third ventricle communicates with the lateral ventricles. 

The posterior boundary is constituted by the pineal body, the posterior 
commissure and the cerebral aqueduct. A small recess, the recessus pinealis , 
projects into the stalk of the pineal body, whilst in front of and above the 
pineal body is a second recess, the recessus suprapinealis , consisting of a 
diverticulum of the epithelium which forms the ventricular roof. 

Each lateral wall consists of an upper portion formed by the medial surface 
of the anterior two-thirds of the thalamus, and a lower consisting of an upward 
continuation of the grey substance of the ventricular floor. These two 
parts correspond to the alar and basal laminae of the lateral wall of the 


Fici. 83S. — A coronal section through the lateral and third ventricles. 
Diagrammatic. 
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fore-brain vesicle and are separated from each other by a furrow, the sulcus 
of Monro , which extends from the interventricular foramen (p. 863) to the 
cerebral aqueduct. The lateral wall is limited above by the taenia thalami. 
The columns of the fornix curve downwards in front of the interventricular 
foramen, and then run in the lateral w r alls of the ventricle, where, at first, they 
form distinct prominences, but subsequently are lost to sight. The lateral 
walls are joined to each other across the cavity of the ventricle by a band of 
grey matter, the massa intermedia (p. 833). 

The interpeduncular fossa (figs. 798, 839). — This is a somewhat lozenge- 
shaped area of the base of the brain, limited in front by the optic chiasma, behind 
by the anterosuperior surface of the pons, anterolaterally by the converging 
optic tracts and posterolaterally by the diverging cerebral peduncles. The 
structures contained in it have already been described ; from behind forwards 
they are the posterior perforated substance (p. 825), corpora mamillaria tuber 
einereum, infundibulum, and hypophysis (p. 838). 


The Telencephalon 

The telencephalon includes : (1) the cerebral hemispheres with their 
cavities, the lateral ventricles ; and (2) the pars optica hypothalami and 
the anterior portion of the third ventricle (already described under the dien- 
cephalon). As intimated in the chapter on Embryology (p. 95), each cerebral 
hemisphere may be divided into three fundamental parts, viz. the rhinen- 
cephalon, the corpus striatum, and the neopalhum. The rhinencephalon, 
associated with the sense of smell, is the oldest part of the telencephalon, and 
forms almost the whole of the hemisphere in some of the low r er animals (e.g. 
fishes, amphibians, and reptiles). In man it is rudimentary, whereas the 
neopallium undergoes great development and forms the chief part of the 
hemisphere. 
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The Cerebral Hemispheres 

The cerebral hemispheres constitute the largest part of the brain, and, 
when viewed together from above, assume the form of an ovoid mass broader 
behind than in front, the greatest transverse diameter corresponding with a 
line connecting the two parietal tuberosities. The hemispheres are separated 
by a deep median cleft, named the longitudinal cerebral fissure, and each possesses 
a central cavity, the lateral ventricle. 
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Fig. 839. — The base of the brain. 
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The longitudinal cerebral fissure contains a sickle-shaped process of 
dura mater, the falx cerebri. In front and behind, the fissure completely 
separates the cerebral hemispheres from one another ; in the middle, however, 
it only extends down to a great central white commissure, the corpus cctllosum, 
which connects the hemispheres across the median plane. 

In a median sagittal section (fig. 833) the cut corpus callosum presents the 
appearance of a broad, arched band. Its thick posterior end, termed the 
splenium , overlaps the mid-brain, but is separated from it by the tela chorioidea 
of the third ventricle and the pineal body. Its anterior curved end, termed the 
genu, gradually tapers into a thinner portion, the rostrum , which is continued 
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downwards and backwards in front of the anterior commissure to join the 
lamina terminalis. Arching backwards from immediately behind the anterior 
commissure to the under surface of the splenium is a second white band named 
the fornix ; between this and the corpus callosum are the laminae and cavity 
of the septum pellucidum. 


The Surfaces of the Cerebral Hemispheres 

Each cerebral hemisphere presents three surfaces : lateral, medial, and 
inferior. 

The lateral surface is convex in adaptation to the concavity of the corre- 
sponding half of the vault of the cranium. The medial surface is flat and 
vertical and is separated from that of the opposite hemisphere by the longi- 
tudinal fissure and the falx cerebri. The 
Fig. 840. — The lateral surface inferior surface is of an irregular form, and 

of the left cerebral hemi- may be divided into three areas : anterior, 
sphere. Superior aspect. middle, and posterior. The anterior area, 

formed by the orbital surface of the frontal 
lobe, is concave, and rests on the roof of 
the orbit and nose ; the middle area is 
convex, and consists of the under surface 
of the temporal lobe : it is adapted to 
the corresponding half of the middle cranial 
fossa. The posterior area is concave, directed 
medialwards and downwards, and is named the 
tentorial surface , since it rests upon the ten- 
torium cerebelli, which intervenes between it 
and the upper surface of the cerebellum. 

The three surfaces are separated by the 
following borders : (a) superomedial , between 
the lateral and medial surfaces ; (b) infero - 
lateral , between the lateral and inferior 
surfaces ; the anterior part of this border 
separates the lateral from the orbital surface 
of the frontal lobe, and is known as the 
superciliary border ; (c) medial occipital , 

between the tentorial and medial surfaces ; 
and (d) medial orbital , separating the orbital 
from the medial surface. The anterior end 
of the hemisphere is named the frontal pole ; 
the posterior, the occipital pole ; and the 
anterior end of the temporal lobe, the tem- 
poral pole. About 5 cm. in front of the 
occipital pole on the inferolateral border is an 
indentation or notch, named the pre-occipital 
notch . 

The surfaces of the hemispheres are 
moulded into a number of irregular emi- 
nences, named gyri or convolutions , and 
separated by furrows termed fissures and 
sulci. 

The gyri and their intervening fissures and 
sulci are fairly constant in their arrangement ; 
at the same time they vary within certain 
limits, not only in different individuals, but on the two hemispheres of the 
same brain. The convoluted condition of the surface permits of a great 
increase of the grey matter without the sacrifice of much additional space, 
and the number and extent of the gyri, as well as the depth of the intervening 
furrows, appear to bear a direct relation to the intellectual powers of the 
individual. 

Certain of the fissures and sulci are utilised for the purpose of dividing the 
hemisphere into lobes, and are therefore termed interlobar ; included under 
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this category are the lateral cerebral, parieto-occipital, calcarine and collateral 
fissures, and the central, cingulate, subparietal and circular sulci. 

The lateral cerebral fissure (fissure of Sylvius) (figs. 839, 841) is a 
well-marked cleft on the inferior and lateral surfaces of the hemisphere, and 
consists of a short stem which divides into three rami. The stem is situated on 
the base of the brain (fig. 839), and commences in a depression at the lateral 
angle of the anterior perforated substance. From this point it extends between 
the anterior part of the temporal lobe and the orbital surface of the frontal lobe, 
and reaches the lateral surface of the hemisphere. Here it divides into three 
rami : an anterior horizontal, an anterior ascending, and a posterior. The 
anterior horizontal ramus passes forwards for about 2*5 cm. into the inferior 
frontal gyrus, while the anterior ascending ramus extends upwards for about 
an equal distance into the same convolution. The posterior ramus is the 
longest ; it runs backwards and slightly upwards for about 7 cm., and ends 
by an upward inflexion in the parietal lobe. 


Fig. 841. — The lateral surface of the left cerebral hemisphere. 



The parieto-occipital fissure. — Only a small part of this fissure is seen 
on the lateral surface of the hemisphere, its chief part being on the medial 
surface. The lateral part (fig. 841) is situated about 5 cm. in front of the 
occipital pole of the hemisphere, and is about 1*25 cm. long. The medial part 
(fig. 842) runs downwards and forwards as a deep cleft on the medial surface of 
the hemisphere j and joins the calcarine fissure below and behind the posterior 
end of the corpus callosum. In most cases it contains a submerged gyrus. 

The calcarine fissure (fig. 842) is on the medial surface of the hemisphere. 
It begins near the occipital pole in two converging rami, and runs forward, 
at first with an upward, and then with a downward curve ; it ends in the 
posterior part of the gyrus hippocampi, just below the splenium of the corpus 
callosum ; a little behind the splenium it is joined at an acute angle by the 
medial part of the parieto-occipital fissure. The anterior part of the calcarine 
fissure gives rise to the prominence of the calcar avis in the posterior cornu 
of the lateral ventricle (p. 856). 

The collateral fissure (fig. 842) is on the tentorial surface of the hemi- 
sphere, and extends from near the occipital pole to wit h i n a short distance of 
the temporal pole. Behind, it lies below and lateral to the calcarine fissure, 
from which it is separated by the lingual gyrus ; in front, it is situated between 
the hippocampal gyrus and the anterior part of the fusiform gyrus. 

The central sulcus (fissure of Rolando) (figs, 840, 841) is situated about 
the middle of the lateral surface of the hemisphere, and begins in or near the 
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longitudinal cerebral fissure, a little behind the midpoint between the frontal 
and occipital poles. It runs sinuously downwards and forwards, and ends a 
little above the posterior ramus of the lateral fissure, and about 2*5 cm. behind 
the anterior ascending ramus of the same fissure. It describes two chief curves : 
a superior genu with its concavity directed forwards, and an inferior genu 
with its concavity directed backwards. The central sulcus forms an angle, 
opening forwards, of about 70° with the median plane. 

The cingulate sulcus (fig. 842) is on the medial surface of the hemisphere. 
It begins below the rostrum of the corpus callosum, curves in front of its genu, 
is continued backwards above its body, and finally ascends to the superomedial 
border of the hemisphere a short distance behind the upper end of the central 
sulcus. It separates the cingulate gyrus from the superior frontal gyrus and 
the paracentral lobule. 


Tig. 842. — The medial surface of the left cerebral hemisphere. 



The subparietal sulcus is a short sulcus on the medial surface of the 
hemisphere, in line with but separate from the cingulate sulcus. It intervenes 
between the praecuneus and the cingulate gyrus. 

The circular sulcus (sulcus limitans insulae) (fig. 845) is on the lower 
and lateral surfaces of the hemisphere. It surrounds the insula (p. 849) and 
separates it from the frontal, parietal, and temporal lobes. 

Lobes of the hemispheres. — By means of these fissures and sulci, assisted 
by certain arbitrary lines, each hemisphere is divided into the following lobes : 
frontal , parietal , temporal , occipital , limbic , and the insula . 

The frontal lobe. — On the lateral surface of the hemisphere this lobe 
extends from the frontal pole to the central sulcus, the latter separating it from 
the parietal lobe ; below, it is limited by the posterior ramus of the lateral fissure, 
which intervenes between it and the temporal lobe. On the medial surface, 
it is separated from the cingulate gyrus by the cingulate sulcus ; and on the 
inferior surface, it is bounded behind by the stem of the lateral cerebral fissure. 

The lateral surface of the frontal lobe (fig. 841) is traversed by three sulci 
which divide it into four gyri ; the sulci are named the precentral, and the 
superior and inferior frontal ; the gyri are the anterior central, and the superior, 
middle, and inferior frontal. The precentral sulcus runs parallel to the central 
sulcus, and is usually divided into an upper and a lower part ; between it 
and the central sulcus is the anterior central gyrus. From the precentral 
¥ sulcus, the superior and inferior frontal sulci run forwards and downwards, 
and divide the remainder of the lateral surface of the lobe into three parallel 
gyri, named the superior, middle, and inferior frontal gyri. 
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The anterior central gyrus is bounded in front by the precentral sulcus, 
behind by the central sulcus ; it extends from the superomedial border of the 
hemisphere to the posterior ramus of the lateral cerebral fissure. 

The superior f rontal gyms is situated above the superior frontal sulcus and 
is continued on to the medial surface of the hemisphere. The portion on the 
lateral surface of the hemisphere is more or less completely subdivided into 
an upper and a lower part by the paramedial sulcus, which, however, is 
frequently interrupted by bridging gyri. 

The middle frontal gyms , between the superior and inferior frontal sulci, is 
continuous with the anterior orbital gyrus on the inferior surface of the frontal 
lobe ; it is frequently subdivided into two by the medial frontal sulcus of 
Eberstaller, which ends anteriorly in a wide bifurcation. 

The inferior frontal gyrus lies below the inferior frontal sulcus, and is con- 
tinuous with the lateral and posterior orbital gyri on the inferior surface of the 
frontal lobe. The anterior horizontal and ascending rami of the lateral cerebral 
fissure subdivide it into three parts, viz. : (1) pars orbital is, below^ the anterior 
horizontal ramus of the fissure ; (2) pars 

triangularis ( £ cap 5 of Broca), between the Fig. 843 .— The orbital surface of 

ascending and horizontal rami ; and the left frontal lobe. 

(3) pars basilaris, behind the anterior 
ascending ramus; The left inferior frontal 
gyrus is, as a rule, more highly developed 
than the right, and is named the gyrus of 
Broca , from the fact that Broca described 
it as the centre for articulate speech. 

The inferior or orbital surface of the 
frontal lobe (fig. 843) is concave, and 
rests on the orbital plate of the frontal 
bone. It is divided by an H -shaped orbital 
sulcus into four gyri. These are named, 
from their position, the medial, anterior , 
lateral , and posterior orbital gyri . The 
medial orbital gyrus is traversed by an 
anteroposterior sulcus, the olfactory sulcus, 
for the olfactory tract ; the portion medial 
to this is named the gyrus rectus, and is 
continuous with the superior frontal gyrus 
on the medial surface. 

The medial surface of the frontal lobe 
is occupied by the medial part of the 
superior frontal gyrus (marginal gyrus) (fig. 842). It lies between the 
cingulate sulcus and the superomedial margin of the hemisphere. The posterior 
part of this gyrus is named the paracentral lobule , and is continuous, over the 
superomedial border of the hemisphere, with the anterior and posterior 
central gyri. 

The parietal lobe. — The parietal lobe is separated from the frontal lobe by 
the central sulcus, but its boundaries below and behind are not so definite. 
Posteriorly, it is limited by the lateral part of the parieto- occipital fissure, and 
by a line carried across the hemisphere from the lateral end of this fissure to 
the pre-occipital notch. It is separated from the temporal lobe by the posterior 
ramus of the lateral fissure, and by a line carried backwards from this ramus 
to meet the line passing downwards to the pre -occipital notch. It has a lateral 
and a medial surface. 

The lateral surface of the parietal lobe (fig. 841) is cleft by the intraparietal 
sulcus (Turner), which consists of an oblique and a horizontal portion. The 
oblique part is named the postcentral sulcus , and commences below, about 
midway between the lower end of the central sulcus and the upturned end of 
the lateral fissure. It runs upwards and backwards, parallel to the central 
sulcus, and is sometimes divided into an upper and a lower ramus. It forms 
the hinder limit of the posterior central gyrus. 

From about the middle of the postcentral sulcus, or from the upper end^ of 
its inferior ramus, the horizontal portion of the intraparietal sulcus is carried 
backwards and slightly upwards on the parietal lobe, and is prolonged, under 
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the name of the occipital ramus , into the occipital lobe, where it divides into 
two parts, which form nearly a right angle with the main stem and constitute 
the transverse occipital sulcus. The part of the parietal lobe above the hori- 
zontal portion of the intraparietal sulcus is named the superior parietal lobule : 
the part below, the inferior parietal lobule. 

The posterior central gyrus extends from the superomedial border of the 
hemisphere to the posterior ramus of the lateral fissure. It lies behind the 
central sulcus, parallel with the anterior central gyrus, with which it is con- 
tinuous below, and sometimes also above, the central sulcus. 

The superior parietal lobule is bounded in front by the upper part of the 
postcentral sulcus, but is usually connected with the posterior central gyrus 
above the end of the sulcus ; behind it, is the lateral part of the parieto -occipital 
fissure, round the end of which it is joined to the occipital lobe by a curved 
gyrus, the arcus pari eto -occipitalis ; below, it is separated from the inferior 
parietal lobule by the horizontal portion of the intraparietal sulcus. 

The inferior parietal lobule lies below the horizontal portion of the intra- 
parietal sulcus, and behind the lower part of the postcentral sulcus. It is 
divided into two gyri. One, the supramarginal gyrus, arches over the upturned 
end of the lateral fissure ; it is continuous in front with the postcentral gyrus, 
and behind and below with the superior temporal gyrus ; it is occasionally 
bounded behind by a small sulcus, the sulcus intermedins primus, which descends 
from the horizontal part of the intraparietal sulcus. The other, the angular 
gyrus , arches over the posterior end of the superior temporal sulcus, behind 
and belo^w which it is continuous with the middle temporal gyrus ; sometimes 
a small sulcus intermedins secundus forms its posterior boundary. 

The medial surface of the parietal lobe (fig. 842) is bounded behind by the 
medial part of the parieto -occipital fissure ; in front, by the posterior end of 
the cingulate sulcus ; below, it is separated from the cingulate gyrus by the 
subparietal sulcus. It consists of a square- shaped convolution, termed the 
prcecuneus or quadrate lobe. 

The occipital lobe. — The occipital lobe, small and pyramidal in shape, 
has three surfaces : lateral, medial, and tentorial. 

The lateral surface of the occipital lobe (fig. 841) is limited in front by the 
lateral part of the parieto-occipital fissure, and by a line carried from the end 
of this fissure to the pre-occipital notch ; it is traversed by the transverse, 
occipital and the lateral occipital sulci. The transverse occipital sulcus is con- 
tinuous with the posterior end of the occipital ramus of the intraparietal sulcus, 
and runs across the upper part of the lobe, a short distance behind the parieto- 
occipital fissure. The lateral occipital sulcus extends from behind forwards, 
and divides the lateral surface of the occipital lobe into a superior and an 
inferior gyrus , which- are continuous in front with the parietal and temporal 
lobes. A vertical gyrus, which runs along the posterior border of this surface 
to the occipital pole, has been described as the gyrus descendens (Ecker). 

The medial surface of the occipital lobe (fig. 842) is bounded in front by the 
medial part of the parieto-occipital fissure, and is traversed by the calcarine 
fissure, which subdivides it into the cuneus and the lingual gyrus. The cuneus 
is a wedge-shaped area between the calcarine fissure and the medial part of 
the parieto-occipital fissure. The lingual gyrus lies between the calcarine fissure 
and the posterior part of the collateral fissure ; behind, it reaches the occipital 
pole ; in front, it joins the hippocampal gyrus. 

The tentorial surface of the occipital lobe is limited in front by an imaginary 
transverse line through the pre-occipital notch, and consists of the posterior 
part of the fusiform gyrus (p. 849), and the lower part of the lingual gyrus, which 
are separated from each other by the posterior segment of the collateral fissure. 

The temporal lobe. — The temporal lobe has superior, lateral, and inferior 
surfaces. 

The superior surface forms the lower limit of the lateral cerebral fissure and 
overlaps the insula. Three or four gyri spring from the depth of the hinder 
end of the fissure, and run obliquely forwards and lateralwards on the posterior 
part of the upper surface of the superior temporal gyrus ; these are named 
the transverse temporal gyri (Heschl) (fig. 844). 

The lateral surface (fig. 841) is bounded above by the posterior ramus of the 
lateral fissure, and by an imaginary line continued backwards from it ; below. 
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Fig. 811. — A scheme showing the course of the arcuate fibres. (Testut.) 



1. Medulla, oblongata, anterior surface. 2. Anterior median fissure. 3. Fourth ventricle. 
4. Inferior olivary nucleus, with the accessory olivary nuclei. 5. Nucleus gracilis. 6. Nucleus 
cuneatus. 7. Spinal tract and nucleus of trigeminal nerve. 8. Restiform bodies. 9. Posterior 
external arcuate fibres. 10. Anterior external arcuate fibres. ! ! . Olivo-' or be liar fasciculus. 
12. Peduncle of inferior olivary nucleus. 13. Nucleus arcuatus. 14. Vagus nerve. 15. Hypoglossal 
nerve. 


Fig. 812. — A transverse section of the medulla oblongata through the middle of 
the olive, showing the formatio reticularis. Schematic. (Testut.) 



1. Anterior median fissure. 2. Fourth ventricle. 3. Formatio reticularis, with 3', its internal 
part (reticularis alba), and 3", its external part (reticular:? prrirca ). A . Raphe. 5. Pyramid. 6. Lem- 
niscus. 7. Inferior olivary nucleus, with Tim lwo ucee^ory ollvarv nuclei. 8. Hypoglossal nerve, 
with 8', its nucleus of origin. 9. Vagus ner.o. vkii if, its nucleus «■:' termination. 10. Medial vesti- 
bular nucleus. 11. Nucleus ambiguus (nucleus of origin of motor fibres of glossopharyngeal, vagus, 
and cerebral portion of accessory). 12. Nucleus gracilis. 13. Nucleus cuneatus. 14. Nucleus of 
trigeminal nerve, with 14', the spinal root of trigeminal nerve. 15. Fasciculus solitarius. 1G. External 
arcuate fibres, with 16', the nucleus arcuatus. 17. Nucleus lateralis. 19. Ligula. 
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the upturned end of the posterior ramus, and the temporal below the posterior 
ramus. The frontal operculum is of small size in those cases where the anterior 
horizontal and ascending rami of the lateral fissure arise from a common stem. 
When the opercula have been removed, the insula is seen as a pyramidal 
eminence, the apex of which is directed towards the anterior perforated 
substance. It is divided into a larger anterior and a smaller posterior part by 
a deep sulcus (sulcus centralis insulae) which runs backwards and upwards from 
the apex of the insula. The anterior part is subdivided by shallow sulci into 
three or four short gyri , while the posterior part is formed by one long gyrus , 
which is often divided at its upper end. The cortical grey substance of the 
insula is continuous with that of the different opercula, while its deep surface 
corresponds with the lentiform nucleus of the corpus striatum. 


Fig. 845. — The insula of the left side. Exposed by removing the opercula. 



The limbic lobe (fig. 842). — The term limbic lobe was introduced by Broca, 
and under it he included the cingulate and hippocampal gyri, which together 
arch round the corpus callosum and the hippocampal fissure. These he 
separated on the morphological ground that they are well developed in animals 
possessing a keen sense of smell (osmatic animals), such as the dog and fox. 

The cingulate gyrus is an arched convolution, lying in close relation to 
the superficial surface of the corpus callosum, from which it is separated by 
a slit-like fissure, the callosal fissure. It commences below the rostrum of 
the corpus callosum, curves round in front of its genu, extends along the 
upper surface of its body, and finally turns downwards behind the splenium, 
where it is connected by a narrow isthmus with the hippocampal gyrus. It is 
separated from the medial part of the superior frontal gyrus by the cingulate 
sulcus, and from the praecuneus by the subparietal sulcus. 

The callosal fissure separates the cingulate gyrus from the convex surface 
of the corpus callosum, and, curving round the splenium, is continuous with 
the hippocampal fissure. 

The hippocampal gyrus is bounded above by the hippocampal fissure, and 
below by the anterior part of the collateral fissure. Behind, it is continuous 
superiorly, through the isthmus, with the cingulate gyrus and interiorly with 
the lingual gyrus. Running in the substance of the cingulate and hippocampal 
gyri, and connecting them together, is a tract of arched fibres, named the 
cingulum (p. 866). The anterior extremity of the hippocampal gyrus is recurved 
in the form of a hook {uncus), which is separated from the apex of the temporal 
lobe by a slight fissure, the incisura temporalis. Although superficially con- 
tinuous with the hippocampal gyrus, the uncus forms morphologically a part 
of the rhinencephalon. 
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The hippocampal fissure begins immediately behind the spienium of the 
corpus callosum, and runs forwards between the hippocampal and dentate 
gyri to end in the uncus. It gives rise to the prominence of the hippocampus 
in the inferior cornu of the lateral ventricle. 


The Rhinencephalon 

The rhinencephalon (fig. S46) comprises the olfactory lobe, the uncus, 
the subcallosal and supracallosal gyri, the fascia dentata hippocampi, the 
septum pellucidum, the fornix, and the hippocampus. 

1. The olfactory lobe is situated under the inferior or orbital surface of 
the frontal lobe. In many vertebrates it constitutes a well-marked portion 


Fig. 846. — A scheme of the rhinencephalon. 
G>/rus suiwacallosus 



of the hemisphere and contains an extension of the lateral ventricle ; but in 
man and some other mammals it is rudimentary. It consists of the olfactory 
bulb and tract, the olfactory trigone, the parolfactory area of Broca, and the 
anterior perforated substance. 

(a) The olfactory bulb is an oval, reddish-grey mass which lies above the 
la min a cribrosa of the ethmoidal bone, and forms the anterior expanded 
extremity of the olfactory tract. The olfactory nerves pass upwards through 
the lamina cribrosa from the olfactory region of the nasal cavity and enter 
the inferior surface of the olfactory bulb. Its minute structure is described 
on p. 872. The two olfactory bulbs are connected by fibres which run back- 
wards in the olfactory tracts and decussate in the anterior commissure. 

(b) The olfactory tract is a narrow white band, triangular on coronal section, 
the apex being directed upwards. It lies in the olfactory sulcus on the inferior 
surface of the frontal lobe, and divides posteriorly into two strise, a medial 
and a lateral. The lateral stria is directed across the lateral part of the anterior 
perforated substance and then bends abruptly medialwards towards the 
uncus of the hippocampal gyrus. The medial stria turns medialwards behind 
the parolfactory area and ends in the subcallosal gyrus ; in some cases a 
small intermediate stria is seen running backwards to the anterior perforated 
substance. 

(c) The olfactory trigone is a small pyramidal area at the posterior end of 
the olfactory tract, and in front of the anterior perforated substance. Its 
apex, directed forwards, occupies the posterior part of the olfactory sulcus, 
and is brought into view by throwing back the olfactory tract. 
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(d) The parolfactory area of Broca is a small triangular field on the medial 
surface of the hemisphere in front of the subcallosal gyrus, from which it is 
separated by the posterior parolfactory sulcus ; it is continuous below with 
the olfactory trigone, and above and in front with the cingulate gyrus ; it is 
limited anteriorly by the anterior parolfactory sulcus, 

(e) The anterior perforated substance is an irregularly quadrilateral area 
in front of the optic tract and behind the olfactory trigone, from which it is 
separated by the fissura prima ; medially and in front it is continuous with the 
subcallosal gyrus ; laterally it is bounded by the lateral stria of the olfactory 
tract and is continued into the uncus. Its grey substance is confluent above 
with that of the corpus striatum, and is perforated anteriorly by numerous 
small blood-vessels. 

2. The uncus has already been described (p. 850) as the recurved, hook-like , 
portion of the hippocampal gyrus. 

3. The subcallosal and supracallosal gyri and the fascia dentata 
hippocampi form a rudimentary arch-shaped lamina of grey substance, extending 
over the corpus callosum and above the hippocampal gyrus, from the anterior 
perforated substance to the uncus. 

(a) The subcallosal gyrus (peduncle of the corpus callosum) is a narrow 
lamina on the medial surface of the hemisphere, in front of the lamina terminalis, 
behind the parolfactory area, and below the rostrum of the corpus callosum. 
It is continuous above around the genu of the corpus callosum with the supra- 
callosal gyrus ; below, it may be traced along the side of the optic tract as a white 
band, the diagonal band of Broca , to the anterior end of the gyrus hippocampi. 

(b) The supracallosal gyrus or indusium griseum consists of a thin layer of 
grey substance in contact with the upper surface of the corpus callosum and 
continuous laterally with the grey substance of the cingulate gyrus. It contains 
two longitudinally directed strands of fibres termed the medial and lateral 
longitudinal since. The supracallosal gyrus is prolonged round the splenium 
of the corpus callosum as a delicate lamina, the fasciola cinerea, which is 
continuous below with the fascia dentata hippocampi. 

(c) The fascia dentata hippocampi (dentate gyrus) is a narrow band extending 
downwards and forwards above the hippocampal gyrus but separated from 
it by the hippocampal fissure ; its free margin is notched, and is overlapped 
by the fimbria — the fimbriodentate fissure intervening. Anteriorly it is con- 
tinued into the notch of the uncus, where it bends sharply and is then prolonged 
as a delicate band, the band of Giacomini , over the uncus, on the lateral surface 
of which it is lost. 

The remaining parts of the rhinencephalon, viz. the septum pellucidum, the 
fornix, and the hippocampus, will be described in connexion with the lateral 
ventricle. 


The Interior of the Cerebral Hemispheres 

If the upper part of either hemisphere be removed, at a level about 1*25 cm. 
above the corpus callosum, the central white substance will be exposed as an 
oval-shaped area, the centrum ovale minus , surrounded by a narrow convoluted 
margin of grey substance, and studded with numerous minute red dots (puncta 
vasculosa) produced by the escape of blood from divided blood-vessels. If 
the remaining portions of the hemispheres be drawn slightly apart a broad 
band of white substance, the corpus callosum , will be observed, connecting 
them at the bottom of the longitudinal fissure ; the margins of the hemispheres 
which overlap the corpus callosum are called the labia cerebri. Each labium 
is part of the cingulate gyrus already described (p. 850) ; and the slit-like 
interval between it and the upper surface of the corpus callosum is termed 
the callosal fissure . If the hemispheres be sliced off until level with the 
upper surface of the corpus callosum, the white substance of that structure 
will be seen connecting them.* The large expanse of medullary matter now 
exposed, surrounded by the convoluted margin of grey substance,, is called 
the centrum ovale majus . 

* A better view of the corpus callosum, and of the way in which its fibres pass into the hemi- 
sphere, is obtained by inserting the fingers into the callosal fissure and tearing off the cingulate 
gyrus in a lateral direction. 
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The corpus callosum (fig. 847) is the great transverse commissure which 
unites the cerebral hemispheres and roofs in the lateral ventricles. A good 
conception of its position and size is obtained by examining a median sagittal 
section of the brain (fig. 833), when it is seen to form an arched structure about 
10 cm. long. Its anterior end is about 4 cm. from the frontal pole, and its 
posterior end about 6 cm. from the occipital pole, of the hemisphere. 

The anterior end is named the genu , and is bent downwards and backwards 
in front of the septum pellucidum ; diminishing rapidly in thickness, it is 
prolonged backwards, under the name of the rostrum , w r hich is connected below 


Pig. 847. — The corpus callosum. Exposed from above. 



with the lamina terminalis. The anterior cerebral arteries are in contact 
with the under surface of the rostrum ; they then arch over the front of the 
genu, and are carried backwards above the body of the corpus callosum. 

The posterior end is named the splenium , and constitutes the thickest part 
of the corpus callosum. It overlaps the tela chorioidea of the third ventricle 
and the mesencephalon, and ends in a thick, convex free border. A sagittal 
section of the splenium shows that the posterior end of the corpus callosum 
is acutely bent forwards, the upper and lower parts being applied to each other. 

The superior surface is convex from before backwards, and is about 2*5 cm. 
wide. Its median part forms the bottom of the longitudinal fissure, and is 
in contact posteriorly with the lower border of the falx cerebri. On either side 
the superior surface is overlapped by the cingulate gyrus, but is separated from 
it by the slit-like callosal fissure. It is traversed by numerous transverse ridges 
and furrows, and is covered by a thin layer of grey matter, the supracallosal 
gyrus, which exhibits on either side of the middle line the medial and lateral 
longitudinal striae already described (p. 852). 
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The inferior surface is concave, and forms on either side of the middle line 
the roof of the lateral ventricle. The median part of the surface is attached in 


Fig. 848. — A scheme showing the relations of the ventricles to the surface of 

the brain. 



front to the septum pellucidum ; behind this it is fused with the upper surface 
of the body of the fornix. 

On either side, the fibres of the corpus callosum radiate in the white substance 
and pass to the various parts of the cerebral cortex ; those curving forward 

from the genu into the frontal 


Fig. 849. — A drawing of a cast of the ventricular 
cavities. Superior aspect. (Retzius.) 


lobes constitute the forceps 
anterior , and those curving 
backwards from the splenium 



into the occipital lobes, the 
forceps posterior. Between 
these two parts is the tapeium 
constituting the main body of 
the fibres; these run laterally 
into the temporal and parietal 
lobes, and cover the central 
part of the lateral ventricle. 

The lateral ventricles (fig. 
848). — The two lateral ventri- 
cles are irregular cavities 
situated in the lower and 
medial parts of the cerebral 
hemispheres, one on either side 
of the middle line. They are 
separated from each other by 
a median vertical partition, 
the septum pellucidum , but 
communicate with the third 
ventricle and indirectly with 
each other through the inter- 
ventricular foramen. They are 
fined by a thin, diaphanous 
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Fig. 850. — A drawing of a cast of the ventricular cavities. Right lateral aspect. 

(Retzius.) 


Int erven tricula r fora m e n 



Fig. 851. — The central parts and the anterior and posterior cornua of the 
lateral ventricles. Exposed from above. 
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membrane, covered by ciliated epithelium and termed the ependyma , and they 
contain cerebrospinal fluid, which, even in health, may be secreted in consider- 
able amount. Each lateral ventricle consists of a central part or body , and 
three cornua , an anterior, a posterior, and an inferior (figs. 849, 850). 

The central part (fig. 851) of the lateral ventricle extends from the 
interventricular foramen to the splenium of the corpus callosum. It is an 
irregularly curved cavity, triangular on transverse section, with a roof, a 
floor, and a medial wall. " The roof is formed by the under surface of the corpus 
callosum ; the floor, directed upwards and medialwards, by the following 
parts, named in their order of position from before backwards : the caudate 
nucleus of the corpus striatum, the stria terminalis and the terminal vein 
(vein of corpus striatum), the lateral portion of the upper surface of the 


Fig. 852. — A coronal section through the posterior cornu of the left lateral ventricle. 

Anterior aspect. 



thalamus, the ehorioid plexus, and the lateral part of the fornix ; the medial 
wall is the posterior part of the septum pellucidum, which separates the 
ventricle from that of the opposite side. 

The anterior cornu (fig. 851) passes forwards, lateralwards and slightly 
downwards, into the frontal lobe, curving round a large swelling which consists 
of the head or anterior end of the caudate nucleus. In a coronal section it 
appears as a triangular slit below the anterior part of the corpus callosum, and 
. bounded anteriorly by the posterior surface of the genu of the corpus callosum. 
Its floor is convex, directed upwards and medialwards, and is formed by the 
head of the caudate nucleus. Its medial wall is the septum pellucidum (p. 864). 

The posterior cornu (figs. 851, 852) passes into the occipital lobe, its 
direction being backwards and lateralwards, and then medialwards. Its roof 
and lateral wall are formed by the fibres of the corpus callosum passing to the 
temporal and occipital lobes. On its medial wall is a longitudinal eminence, 
the calcar avis , which is an involution of the ventricular wall produced by the 
anterior part of the calcarine fissure. Above this the forceps posterior of the 
corpus callosum, sweeping round to enter the occipital lobe, causes another 
projection, termed the bulb of the posterior cornu. The calcar avis and bulb 
of the posterior cornu are very variable in their degree of development ; in 
some cases they are ill-defined, in others prominent. 
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The inferior cornu (fig. S53), the largest of the three, traverses The 
temporal lobe, forming in its course a curve round the posterior end of "the 
thalamus. It passes at first backwards, lateral wards, and downwards, and 
then curves forwards to within 2*5 cm. of the apex of the temporal lobe, its 
position being fairly well indicated on the surface of the brain by the superior 
temporal sulcus. Its roof is formed chiefly by the inferior surface of the 
tapetum of the corpus callosum, but the tail of the caudate nucleus and the 
stria terminalis also extend forwards in the roof, at the extremity of which 
they end in a mass of grey substance, the nucleus amygdalae . Its floor presents 
the following parts : the chorioid plexus, the fimbria hippocampi, the hippo- 
campus and the collateral eminence. When the chorioid plexus is removed, a 
cleft-like opening is left along the medial wall of the inferior cornu ; this cleft 
constitutes the lower part of the chorioidal fissure. 

Fig. 853. — The posterior and inferior cornua of the left lateral ventricle. 

Exposed from the side. 


Chorioid plexus 

Bulb of posterior cornu 
. | Calcar avis 



Hippocampus 

The chorioid plexus is described on p. 864, and the fimbria hippocampi 
on p. 863. 

The hippocampus (figs. 853, 854) is a curved eminence, about 5 cm. long, 
which extends throughout the entire length of the floor of the inferior cornu. 
Its lower end is enlarged, and presents two or three rounded elevations or 
digitations, which give it a paw-like appearance, and hence it is named the 
pes hippocampi. It is separated from the hippocampal gyrus by a shallow 
groove, the hippocampal fissure. The main mass of the hippocampus consists 
of grey substance ; but on its ventricular surface is a thin white layer, the 
alveus , which is continuous with the fimbria hippocampi. 

The collateral eminence (fig. 854) is an elongated swelling lying lateral to 
and parallel with the hippocampus. It corresponds with the middle part of 
the collateral fissure, and its size depends on the depth and direction of this 
fissure. It is continuous behind with a flattened triangular area, the trigonum 
collaterale , situated between the posterior and inferior cornua. 

The corpus striatum has received its name from the striped appearance 
which a section of its anterior part presents, in consequence of diverging white 
fibres being mixed with the grey substance which forms its chief mass. A part 
of the corpus striatum is imbedded in the white substance of the cerebral 
hemisphere, and is therefore external to the ventricle ; it is termed the 
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extraventricular portion , or the lentiform nucleus ; the remainder, however, 
projects into the ventricle, and is named the intraventricular portion , or the 
caudate nucleus (fig. 855). 

The caudate nucleus (fig. 851) is a pear-shaped, highly arched grey mass ; 
its broad extremity, or head , is directed forwards into the anterior cornu of 
the lateral ventricle, and is continuous with the anterior perforated substance 
and with the anterior end of the lentiform nucleus ; its narrow end, or tail , 
is directed backwards on the lateral side of the thalamus, from which it is 
separated by the stria terminalis and the terminal vein ; it is then continued 
downwards into the roof of the inferior cornu, and ends in the nucleus amygdalce . 

It is covered by the ependyma of the lateral 
Fig. 854.— The posterior and in- ventricle, and crossed by some veins of con- 
ferior cornua of the left lateral siderable size. It is separated from the lenti- 
ventricle. Exposed from above, form nucleus, in the greater part of its extent, 

by a thick lamina of white substance, called 
the internal capsule , but the two nuclei are 
united in front (figs. 856, 857). 

The lentiform nucleus (lenticular nucleus) 
is lateral to the caudate nucleus and thalamus, 
and is seen only in sections of the hemisphere. 
When divided horizontally, it exhibits, to 
some extent, the appearance of a biconvex 
lens (fig. 855), while a coronal section of its 
central part presents a somewhat triangular 
outline. It is shorter than the caudate nucleus 
and does not extend as far forwards. It is 
bounded medially by the internal capsule, and 
laterally by a lamina of white substance called 
the external capsule ; lateral to this is a thin 
layer of grey substance termed the claustrum , 
which separates it from the insula. Its 
anterior end is continuous with the lower 
part of the head of the caudate nucleus and 
with the anterior perforated substance. 

'1 In a coronal section through the middle of 
the lentiform nucleus (fig. 857) two medullary 
laminae are seen dividing it into three parts. 
The lateral and largest part is of a reddish 
colour, and is known as the putamen, while 
the medial and intermediate parts are of a 
yellowish tint, and together constitute the globus pallidus ; all three are marked 
by fine radiating white fibres, which are most distinct in the putamen. 

The grey substance of the corpus striatum is traversed by nerve-fibres, 
some of which originate in it. The cells are multipolar, both large and small ; 
those of the lentiform nucleus contain yellow pigment. The caudate and 
lentiform nuclei are not only directly continuous with each other anteriorly, 
but are connected to each other by numerous fibres. The corpus striatum 
is also connected : (1) to the cerebral cortex, by the corticostriate fibres ; (2) to 
the thalamus, by fibres which pass through the internal capsule, and by a 
strand named the ansa lentiformis (p. 860) ; (3) to the cerebral peduncle, by 
fibres which leave the lower parts of the caudate and lentiform nuclei. 

The claustrum (figs. 855, 857) is a thin layer of grey substance, situated 
on the lateral surface of the external capsule. In a coronal section it is seen to 
be triangular in shape, with the apex directed upwards. Its medial surface, 
contiguous to the external capsule, is smooth, but its lateral surface presents 
ridges and furrows corresponding with the gyri and sulci of the insula, with 
which it is in close relationship. The claustrum is regarded by some as a 
detached portion of the grey substance of the insula, from which it is separated 
by a : layer of white fibres, the capsula extrema. Its cells are small and 
spindle-shaped and contain yellow pigment ; they are similar to those of the 
deepest layer of the cortex.* 

* E. Landau (Journal of Anatomy, vol. liii.) is of opinion that the claustrum is an independent 
formation which is neither split off from the cortex of the insula nor from the corpus striatum. 
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The nucleus amygdalae is an ovoid grey mass, situated above and in front 
of the lower end of the inferior cornu. It is merely a localised thickening of 
the grey cortex, confluent with that of the uncus ; above, it is continuous with 
the putamen ; behind, with the tail of the caudate nucleus. 

The caudate, lent if or m and amygdaloid nuclei are sometimes grouped under 
the term basal ganglia . 

The internal capsule (figs. 855. 857) is a flattened band of white fibres, 
between the lentiform nucleus on the lateral side and the caudate nucleus and 


Fig. 855. — A horizontal section through the right cerebral hemisphere. 
Superior aspect. 
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thalamus on the medial side. In horizontal section (fig. 855), it is seen to be 
somewhat abruptly curved, with its convexity directed medialwards ; the 
prominence of the curve, the genu, projects between the caudate nucleus and 
the thalamus. The portion in front of the genu, separating the lentiform 
and caudate nuclei, is termed the frontal part ; the portion behind the genu, 
separating the lentiform nucleus from the thalamus, is the occipital part. 

The frontal part (anterior limb) of the internal capsule contains : (1) 
fibres running from the thalamus, as its anterior stalk, to the frontal lobe ; 
(2) fibres joining the lentiform and caudate nuclei ; (3) fibres connecting 
the cortex with the corpus striatum ; and (4) fibres (frontopontine tract) passing 
from the frontal lobe through the medial one-fifth of the base of the cerebral 
peduncle to the nuclei pontis. The fibres in the region of the genu are named 
the geniculate fibres ; they originate in the motor part of the cerebral cortex. 
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and, after passing downwards through the base of the cerebral peduncle with 
the cerebrospinal fibres, undergo decussation and end in the motor nuclei 
of the cerebral nerves of the opposite side. The anterior two- thirds of the 
occipital part of the internal capsule contains the cerebrospinal fibres , which 
arise in the motor area of the cerebral cortex, and passing downwards through 
the middle three-fifths of the base of the cerebral peduncle, are continued into 
the pyramids of the medulla oblongata. The posterior one-third of the occipital 
part (posterior 1'mb) contains : (1) sensory fibres, largely derived from the 
thalamus, though some may be continued upwards from the medial lemniscus ; 
(2) the fibres of the optic radiations, from the literal geniculate body and 


Fig. S56. — A coronal section through the anterior cornua of the lateral ventricles. 

Anterior aspect. 
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pulvinar to the cortex of the occipital lobe ; (3) acoustic fibres, from the medial 
geniculate body and inferior colliculus to the gyri of Heschl in the temporal 
lobe ; (4) fibres which pass from the occipital and temporal lobes to the nuclei 
pontis ; and (5) fibres from the occipital cortex to the superior colliculus. 

The fibres of the internal capsule radiate widely as they pass to and from 
the various parts of the cerebral cortex, forming the corona radiata (fig. 858) 
and intermingling with the fibres of the corpus callosum. 

The external capsule (fig. 855) is a lamina of white substance, situated 
lateral to the lentiform nucleus, between it and the claustrum, and continuous 
with the internal capsule, below and behind the lentiform nucleus. It probably 
contains fibres derived from the thalamus, the anterior commissure, and the 
subthalamic region. 

The substantia innominata of Meynert is a stratum consisting of grey 
and 3 white substance, which lies below the anterior parts of the thalamus and 
lentiform nucleus. It consists of three layers, superior, middle, and inferior. 
superior layer is named the ansa lentiformis , and its fibres, derived from 
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the medullary laminae of the lentiform nucleus, pass medially to end in the 
thalamus and subthalamic region, while others are said to end in the tegmentum 
and red nucleus. The middle layer consists of nerve-cells and nerve-fibres : 
fibres enter it from the parietal lobe through the external capsule, while others 
are said to connect it with the medial longitudinal fasciculus. The inferior 
layer forms the main part of the inferior stalk of the thalamus, and connects 
this body with the temporal lobe and the insula. 

The stria terminalis (tasnia semicircularis) is a narrow band of white 
substance situated in the floor of the lateral ventricle between the caudate 
nucleus and the thalamus. Anteriorly, its fibres are partly continued info 


Fig-. 857.— A coronal section through the brain, passing through the anterior 
commissure. Anterior aspect. 
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the column of the fornix ; some cross in the anterior commissure to the 
temporal lobe of the opposite side ; _ others are said to enter the caudate 
nucleus. Posteriorly, it is continued into the roof of the inferior cornu of 
the lateral ventricle, at the extremity of which it enters the nucleus amygdalae. 
Superficial to it is the terminal vein (vein of the corpus striatum), which 
receives numerous tributaries from the corpus striatum and thalamus ; it 
runs forwards to the interventricular foramen and there joins with the vein of 
the chorioid plexus to form the corresponding internal cerebral vein. On the 
surface of the ter min al vein is a narrow white band, named the lamina affixa. 

The fornix (figs. 833, 859) is a longitudinal, arch-shaped lamella of white 
substance, situated below the corpus callosum, and attached to its inferior 
surface behind, but separated from it in front by the septum pellucidum. 
It may be described as consisting of two symmetrical bands, one for either 
hemisphere. The two bands are not united to each other in front and behind, 
but their central parts are joined together in the middle line. The anterior 
parts are called the columns of the fornix ; the intermediate united portions, 
the body ; and the posterior parts, the crura. 
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The body of the fornix is triangular, narrow in front, and broad behind. 
The medial part of its upper surface is connected to the septum pellucidum 
in front and to the corpus callosum behind. The lateral portion of this surface 
forms part of the floor of the lateral ventricle, and is covered by the ventricular 
epithelium. Its thin lateral edge overlaps the chorioid plexus, and is con- 
tinuous with the epithelial covering of the plexus. The under surface rests 
upon the tela chorioidea of the third ventricle (velum interpositum), which 
separates it from the epithelial roof of the third ventiicle, and from the 
medial portions of the upper surfaces of the thalami. The lateral portions 
of the body of the fornix are joined inferiorly by a thin triangular lamina, 
named the psalterium or lyra. This lamina contains some transverse fibres 


Fig. 858. — A dissection showing the course of the cerebrospinal fibres. 
(E. B. Jamieson.) 



which connect the two hippocampi across the middle line and constitute the 
hippocampal commissure. Between the psalterium and the corpus callosum 
a horizontal cleft, the so-called ventricle of the fornix or ventricle of Verga , is 
sometimes found. 

The columns (anterior pillars) of the fornix arch downwards in front of 
the thalamus and behind the anterior commissure, and form the anterior 
boundary of the interventricular foramen ; each descends through the grey 
substance in the lateral w r all of the third ventricle to the base of the brain, 
where it ends mainly in the corpus mamillare. From the cells of the corpus 
mamillare the mamillothalamic fasciculus (bundle of Vicq d’Azyr) takes origin 
and is prolonged into the anterior nucleus of the thalamus. The column of 
the fornix and the mamillothalamic fasciculus together form a loop resembling 
the figure 8, but the continuity of the loop is broken in the corpus mamillare. 
The column of the fornix is joined by the stria medullaris of the pineal body 
and by the superficial fibres of the stria terminalis ; it is said also to receive 
fibres from the septum pellucidum. Zuckerkandl describes an olfactory fasciculus 
which becomes detached from the main portion of the column of the fornix, 



THE INTERVENTRICULAR FORAMEN 


863 


and passes downwards in front of the anterior commissure to the base of the 
brain, where it divides into two bundles ; one joins the medial stria of the 
olfactory tract ; the other joins the subcallosal gyrus, and through it reaches 
the hippocampal gyrus. 

The crura (posterior pillars) of the fornix are prolonged backwards from the 
body. They are flattened bands, and at their commencement are intimately 
connected with the under surface of the corpus callosum. Diverging from 
one another, each curves round the posterior end of the thalamus, and passes 


Fig. 859. — The fornix and the corpus callosum. Exposed from below. (From 
a specimen in the Department of Human Anatomy of the University of 
Oxford.) 



downwards and forwards into the inferior cornu of the lateral ventricle 
(figs. 854, 859). Here it lies along the concavity of the hippocampus, on the 
surface of which some of its fibres are spread out to form the alveus , while 
the remainder are continued as a narrow white band, the fimbria hippocampi , 
which is prolonged into the uncus of the hippocampal gyrus. The medial edge 
of the fimbria overlaps the fascia dentata hippocampi (dentate gyrus) (p. 852), 
from which it is separated by the fimbriodentate fissure ; from its lateral, thin 
edge the ventricular epithelium is reflected over the chorioid plexus as the 
latter projects into the chorioidal fissure. 

The interventricular foramen (foramen of Monro).— There is an aperture 
between the columns of the fornix and the anterior ends of the thalami : this 
is the interventricular foramen, and through it the lateral ventricles com- 
municate with the third ventricle. Behind the epithelial fining of the foramen 
the chorioid plexuses of the lateral ventricles are joined across the middle 
fine. 
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The anterior commissure (fie. 857) is a bundle of white fibres which runs 
transversely between the two cerebral hemispheres, and is placed in front of the 
columns of the fornix. On sagittal section it is oval in shape, its long diameter 
being vertical and measuring about 5 mm. Its fibres can be traced lateralwards 
and backwards on either side beneath the corpus striatum into the substance 
of the temporal lobe. It connects the two temporal lobes, and also contains 
decussating fibres from the olfactory bulbs. 

The septum pellucidum (fig. 833) is a thin, vertical partition consisting 
of two laminae, separated in the greater part of their extent by a narrow chink 
or interval, the cavity of the septum pellucidum. It is triangular in form, with its 
base in front ; its inferior angle corresponds with the upper part of the anterior 
com mi ssure. It is attached, above, to the under surface of the corpus 
callosum ; below and behind, to the anterior part of the fornix : below and 
in front, to the reflected portion of the corpus callosum. The lateral surface 
of each lamina is directed towards the body and anterior cornu of the lateral 
ventricle, and is covered by the ependyma of that cavity. 


Fig. 860. — A coronal section through the inferior cornu of the lateral ventricle. 
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The cavity of the septum pellucidum is generally believed to be a part of the 
longitudinal cerebral fissure, which has become shut off by the union of the 
hemispheres in the formation of the corpus callosum above and the fornix 
below. Each half of the septum therefore forms part of the medial wall of 
the hemisphere, and consists of a medial layer of grey substance derived from 
that of the cortex, and a lateral layer of white substance continuous with 
that of the cerebral hemispheres. This cavity is not developed from the 
cavity of the cerebral vesicles, and never communicates with the ventricles 
of the brain. 

The chorioid plexus of the lateral ventricle (fig. 861) is a highly 
vascular, fringe-like process of pia mater which projects into the ventricular 
cavity, but is everywhere covered by a layer of epithelium continuous with 
the epithelial fining of the ventricle. It extends from the interventricular 
foramen, where it is joined with the plexus of the opposite ventricle, to the 
end of the inferior cornu. The part in relation to the body of the ventricle 
forms the vascular fringed margin of a triangular process of pia mater, 
named the tela chorioidea of the third ventricle, and projects from under 
cover of the lateral edge of the fornix. It lies upon the upper surface 
of the thalamus, from which the ventricular epithelium is reflected over the 
plexus on to the edge of the fornix (fig. 838). The portion in relation to the 
inferior cornu lies in the concavity of the hippocampus and overlaps the fimbria 
hippocampi ; from the lateral edge of the fimbria the epithelium is reflected 
over the plexus on to the roof of the cornu (fig. 860). 
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The chorioid plexus consists of minute and highly vascular villous processes, 
each with an afferent and an efferent vessel. The arteries of the plexus are : 
(a) the anterior chorioidal, a branch of the internal carotid artery, which 
enters the plexus at the end of the inferior cornu ; and ( b ) the posterior 
chorioidal, one or two small branches of the posterior cerebral artery, which 
pass forwards under the splenium. The veins of the plexus unite to form 
a single tortuous vessel, which courses from behind forwards to the inter- 
ventricular foramen and there joins with the terminal vein (p. 717) to form 
the corresponding internal cerebral vein. 


Fig. S61. — The tela chorioidea of the third ventricle, and the chorioid plexus of 
the left lateral ventricle. Exposed from above. 



When the chorioid plexus is pulled aw^ay, the continuity between its 
epithelial covering and the epithelial lining of the ventricle is severed, and a 
cleft-like space is produced. This is named the chorioidal fissure ; like the 
plexus, it extends from the interventricular foramen to the end of the inferior 
cornu. The upper part of the fissure, i.e. the part nearest the interventricular 
foramen, is situated between the lateral edge of the fornix and the upper 
surface of the thalamus ; farther back, at the beginning of the inferior cornu, 
it is between the commencement of the fimbria hippocampi and the posterior 
end of the thalamus, while in the inferior cornu it lies between the fimbria 
in the floor and the stria terminalis in the roof of the cornu. 

The tela chorioidea of the third ventricle (velum interpositum) 
(fig. 861) is a double fold of pia mater, triangular in shape, which lies beneath 
the fornix. The lateral portions of its lower surface rest upon the thalami, 
while the medial portion of this surface is in contact with the epithelial roof 
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of the third ventricle. Its apex is situated at the interventricular foramen ; 
its base occupies the interval between the splenium of the corpus callosum 
above and the corpora quadrigemina and pineal body below. This interval 
together with the lower portions of the ehorioidal fissures, is sometimes spoken 
of as the transverse fissure of the brain. The two layers of the tela separate 
from each other at the base, and are continuous with the pia mater investing 
the brain in this region. Its lateral margins are modified to form the highly 
vascular chorioid plexuses of the lateral ventricles. It is supplied by the 
anterior and posterior ehorioidal arteries already described. The veins of 
the tela chorioidea are named the internal cerebral veins (venae Galeni) * they 
are two in number, and run backwards between its layers, each being formed 
at the interventricular foramen by the union of the terminal vein with the 
ehorioidal vein. Beneath the splenium of the corpus callosum the internal cere- 
bral veins unite to form the great cerebral vein (vena magna Galeni), which curves 
backwards and upwards behind the splenium and ends in the straight sinus. 


The Structure of the Cerebral Hemispheres 

The cerebral hemispheres are composed of white and grey substance. 

The white substance occupies the interior of the hemispheres ; it consists 
of medullated fibres which vary in size, and are supported by neuroglia. The 
fibres may be divided, according to their course and connexions, into three 
systems: projection fibres connecting the hemispheres with the lower parts of 
the brain and with the medulla spinalis ; transverse or commissural fibres 
uniting the two hemispheres ; association fibres connecting different structures 
in the same hemisphere ; many of the last are collateral branches of the projec- 
tion fibres, but some are the axons of independent cells. 

1. The projection fibres consist of efferent and afferent fibres uniting 
the cortex with the lower parts of the brain and with the medulla spinalis. 
The principal efferent strands are : (1) the motor tract, occupying the genu 
and anterior two-thirds of the occipital part of the internal capsule,' and 
consisting of (a) the geniculate fibres, which decussate and end in the motor 
nuclei of the cerebral nerves of the opposite side ; and ( b ) the cerebrospinal 
fibres, which are prolonged through the pyramid of the medulla oblongata into 
the medulla spinalis ; (2) the corticopontine fibres, ending in the nuclei pontis. 
The chief afferent fibres are : (1) those of the brachia conjunctiva cerebelli 
which are not interrupted in the red nucleus and thalamus ; (2) numerous 
fibres arising within the thalamus, and passing through its stalks to the different 
parts of the cortex (p. 835) ; (3) optic and acoustic fibres, the former passing 
to the occipital, the latter to the temporal lobe. 

2. The transverse or commissural fibres connect the two hemispheres. 
They include : (a) the transverse fibres of the corpus callosum, (6) the anterior 
commissure, ( c ) the posterior commissure, and ( d ) the lyra or hippocampal 
commissure ; they have already been described. 

3. The association fibres (fig. 862) unite different parts of the same 
hemisphere, and are of two kinds : (1) short association fibres connecting adjacent 
gyri ; (2) long association fibres passing between more distant parts. 

The short association fibres lie immediately beneath the grey substance 
of the cortex of the hemispheres, and connect adjacent gyri. 

The long association fibres include the following : (a) the uncinate fasciculus ; 
(b) the cingulum ; (c) the superior longitudinal fasciculus ; ( d ) the inferior 
longitudinal fasciculus ; (e) the perpendicular fasciculus ; ( f) the occipito- 
frontal fasciculus ; and (g) the fornix. 

(a) The uncinate fasciculus passes across the bottom of the lateral cerebral 
fissure, and unites the gyri of the frontal lobe with the anterior end of the 
temporal lobe. 

(b) The cingulum is contained within the cingulate gyrus. Beginning in 
front at the anterior perforated substance, it passes forwards and upwards 
parallel with the rostrum and genu, runs backwards above the body of the 
corpus callosum, turns round the splenium, and ends in the hippocampal gyrus. 

(c) The superior longitudinal fasciculus passes backwards from the frontal 
lobe above the lentiform nucleus and insula ; some of its fibres end in the 



THE STRUCTURE OF THE CEREBRAL CORTEX 867 

occipital lobe, and others curve downwards and forwards into the temporal 
lobe. 

(d) The inferior longitudinal fasciculus connects the temporal and occipital 
lobes, running along the lateral walls of the inferior and posterior cornua of 
the lateral ventricle. 

(e) The perpendicular fasciculus runs vertically through the front part of 
the occipital lobe, and connects the inferior parietal lobule with the fusiform 
gyrus. 

(f) The occipitofrontal fasciculus passes backwards from the frontal lobe, 
along the lateral border of the caudate nucleus, and on the medial aspect 
of the corona radiata ; its fibres radiate in a fan -like manner and pass into 
the occipital and temporal lobes, lateral to the posterior and inferior cornua. 
Dejerine regards the fibres of the tapetum as being derived from this fasciculus, 
and not from the corpus callosum. 


Fig. 862. — A diagram showing the principal systems of association fibres 
in the cerebrum. 



(g) The fornix connects the hippocampal gyrus with the corpus mamillare, 
and, by means of the mamillothalamic fasciculus, with the thalamus (p. 838). 
Through the fibres of the hippocampal commissure it probably also unites 
the right and left hippocampal gyri. 

The grey substance of the hemisphere is divided into : (1) that of the 
cerebral cortex wdiich covers the surfaces of the hemispheres, and (2) that of 
the caudate nucleus, the lentiform nucleus, the claustrum, and the nucleus 
amygdalae. 


The Structure or the Cerebral Cortex (fig. 863) 

The cerebral cortex differs in thickness and structure in different parts of 
the hemisphere. It is thinner in the occipital region than in the anterior 
and posterior central gyri, and it is also much thinner in the depths of the 
sulci than on the summits of the gyri. 

The cortex is made up of nerve-cells of varying size and shape, and of 
nerve-fibres which are either medullated or naked axis- cylinders, imbedded in 
a matrix of neuroglia. According to J. S. Bolton, it exhibits five layers : 

1. The outer fibre-lamina (molecular or plexiform layer). 

2. The outer cell-lamina. 

3. The middle cell-lamina (layer of granules and outer band of Baillarger). 

4. The inner fibre-lamina (inner band of Baillarger). 

5. The inner cell-lamina (polymorphous layer). 
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1. The outer fibre-lamina. — The superficial part of this layer consists 
of a stratum of medullated nerve-fibres (plexus of Exner), running parallel 
with the surface. The deeper part is largely composed of the dendrites of 
cells from the subjacent laminae. It contains also a few nerve -cells, and the 


Tig. 863. — A diagram showing the layers of cells and fibres in the grey substance 
of the cortex of the human cerebral hemisphere, according to the histo- 
logical methods of Golgi, jSTissl and Weigert. After Brodmann ; from Luciani’s 
Physiology (Macmillan & Co., Ltd.). 
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terminations of fibres which run into the cortex from the white substance 
of the hemisphere. The cells are of two kinds : (1) small irregular cells with 
a varying number of dendrites and short axons ; (2) fusiform cells with their 
long axes parallel with the surface ; the dendrites and the axons of the latter 
run horizontally, and the axons give off numerous collaterals. The distribution 
of the axons of both types of cell is limited to the outer fibre-lamina. 

2. The outer cell-lamina contains many pyramidal nerve-cells ; these are 
small (10/* to 15/* long) in the superficial, but large (20/* to 30/*) in the deep, 
part of the lamina. Each pyramidal cell contains granular pigment and a 
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large round or oval nucleus, and the apex of the cell is directed towards the 
surface. The axon arises from the base of the cell, and runs into the central 
white substance, giving off collaterals in its course, and being distributed as a 
projection, association, or commissural fibre. The apical and basal parts of 
the cell give off dendrites ; the apical dendrite ends in the outer fibre-lamina 
by dividing into numerous branches, all of which may be seen, when stained by 
the silver or methylene blue method, to be studded with bristle-like processes. 

3. The middle cell-lamina or layer of granules consists chiefly of small 
stellate cells, but some pyramidal cells are also present in its deepest part. 
The axons of the stellate cells run a short course, and terminate either 
in the middle or outer cell-lamina. The axons of some of the pyramidal 
cells descend for a short distance and then turn back and end in the outer 
cell-lamina ; the axons of others run into the central white substance. In 
this lamina a well-marked stratum of nerve-fibres ( outer band of BaiUarger) 
runs parallel with the cortex. 

In the visuosensory area of the occipital lobe (p. 871) the middle cell-lamina 
consists of two layers, separated by the outer band of BaiUarger, which is here 
named the band of Gennari. 

4. The inner fibre-lamina is composed of medullated nerve-fibres running 
parallel with the surface, and forming the inner band of BaiUarger . In the 
anterior central gyrus and in the paracentral lobule it contains large pyramidal 
cells, the giant-cells of Betz , which are often solitary, but may occur in groups 
of three to five. These cells may he 50ft long and 40/x broad ; in the paracentral 
lobule they attain a length of 65ft. 

5. The inner cell-lamina or polymorphous layer contains cells of various 
shapes — fusiform, oval, triangular, or stellate. Their dendrites are directed 
outwards, but do not reach the molecular layer ; most of their axons pass 
into the subjacent white substance. The axons of a few of these cells (cells 
of Golgi’s second type) are short, and terminate in the adjacent grey substance. 
The cells of Martinotti in the inner cell-lamina are pyramidal in shape with 
their bases directed towards the surface ; their dendrites are short, and their 
axons pass out into the outer fibre-lamina, where they form an extensive 
horizontal arborisation. 

In addition to the bands of medullated fibres described above as running 
parallel with the surface ( tangential fibres), there are many deep tangential 
fibres in the lower part of the inner cell-lamina. The tangential fibres consist 
of (a) the collaterals of the axons of the pyramidal and polymorphous cells, and 
of the cells of Martinotti ; (b) the branching axons of Golgi’s cells ; (c) the 
collaterals and terminal arborisations of the projection, commissural, and 
association fibres. Radial fibres also occur in the cortex and consist of, (a) 
the axons of the pyramidal and polymorphous cells descending into the white 
substance, and (6) the terminations of projection, commissural, or association 
fibres, ascending to end in the cortex. The axons of the cells of Martinotti 
are also ascending fibres. 

The development of the laminae of the cortex. The inner cell-lamina 
is the first to appear in the course of development, and in the sixth month of 
foetal life it has attained three-fourths of its adult depth. The inner fibre- 
lamina is associated with the inner cell-lamina, and although it does not appear 
until the sixth month of foetal life, it reaches its full depth very quickly. 
The middle cell-lamina can be distinguished in the sixth month of foetal life ; 
at this period it is one-half, and at birth three-fourths of the depth which it 
finally attains. The outer cell-lamina is the last to develop, both ontogeneti- 
cally and phylogenetically , and its depth varies with the intellectual capacity 
of the individual. The outer fibre-lamina is well developed at birth, and 
its further growth is associated with that of the outer cell-lamina. 


SPECIAL TYPES OF CEREBRAL CORTEX 

The histological investigations of Bevan Lewis, Bolton, Campbell, and 
Brodmann, the embryological researches of Flechsig, and the experimental 
work of Sherrington and many others, have shown that the cortex of the 
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cerebral hemispheres can be mapped out into areas which possess different 
functions, and that the minute structure of the cortex varies characteristically in 
these different areas. The anterior central gyrus (motor area), the convolutions 


Fig. 864. — The areas of localisation on the lateral surface of the left cerebral hemisphere. 



Fig. 865. — The areas of localisation on the medial surface of the left cerebral hemisphere. 



bounding the calcarine fissure (visuosensory area), the prefrontal district 
(associational area), and the hippocampal gyrus may be taken as types* 

The motor area (figs. 864, 865) is characterised by the presence of the 
giant-cells of Betz in the inner fibre-lamina, and by the absence or verv slight 
development of the middle cell-lamina or layer of granules. Physiological 
investigations show that the centres for the lower limb are located on the highest 
part of the anterior central gyrus and its continuation on to the paracentral 
lobule ; those for the trunk are on the upper portion, and those for the upper 
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limb on the middle portion of the anterior central gyrus. The facial centres 
are situated on the lower part of the same gyrus, those for the tongue, larynx, 
muscles of mastication, and pharynx on the frontal operculum, while those for 
the eye movements occupy the posterior end of the middle frontal gyrus. 

The visuosensory area (figs. S55, S64) is sometimes named the area striata 
because, in section, it presents a striated appearance produced by a greatly 
thickened outer band of Baillarger (band of Gennari) ; there is also a "second 
layer of granules between this band and the outer cell-lamina. When blindness 
exists, the band of Gennari and the layers of granules superficial to it are 
diminished in depth, the former by as much as 50 per cent, in old-standing 
cases of optic atrophy. During development the visuosensory area matures 
rapidly ; its outer cell-lamina develops early, hut in the adult is only five-ninths 
of the depth of the same layer in the prefrontal region. The visuosensory area 
is surrounded by a zone 1 cm. or more in breadth, known as the visuopsychic 
area. In this zone the second layer of granules which is present in the visuo- 
sensory area suddenly ceases, and the outer cell-lamina .is more developed. 


Fig. 866. — A coronal section through the olfactory bulb. (Schwalbe.) 
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The auditosensory area occupies the anterior transverse temporal gyrus 
(p. 848) and the upper part of the middle one-third of the superior temporal 
gyrus ; the auditopsychic area surrounds the auditosensory area but has not 
been exactly defined. The area for the sense of taste is probably in the uncus 
and hippocampal gyrus, and that for the sense of smell in the rhinencephalon. 
The area for heat , cold , and pain is somewdiat diffuse, but the areas for the 
tactile and muscular senses are located mainly in the posterior central gyrus 
(fig. 864). Destruction of the cerebral cortex does not produce total loss of 
cutaneous sensibility ; this is strikingly true of painful sensations which 
possibly have centres in the thalamus. 

The associational areas are three in number : (1) the prefrontal, (2) an 
area occupying the posterior portions of the temporal and parietal lobes, and 
(3) the insula. The prefrontal associational area is especially characteristic of 
the human, brain, and it may be taken as the type. It is distinguished by 
the great development of the outer cell-lamina ; the cells of this lamina are 
undifferentiated in the sixth month of foetal life, and the lamina is only one- 
fourth of its adult depth ; it is the only layer which varies appreciably in 
depth in normal brains, and it is under- developed in idiots and imbeciles ; it 
is the last to be evolved and the first to retrogress (Bolton). 

The minute structure of the hippocampus, the fascia dentata, and the 
olfactory bulb calls for special description. 

In the hippocampus the white substance is represented by a layer termed 
the alveus which lies next the ventricular ependyma ; through the alveus fibres 
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pass from the hippocampus into the fimbria hippocampi and crura of the fornix. 
The grey substance consists of : (1) a layer of large pyramidal cells next the 
alveus ; (2) a layer occupied by the apical dendrons of these pyramidal cells, 
and called the stratum radialum ; (3) a molecular layer, the deeper part of 
which, called the stratum laciniosum , exhibits interlacing fibres and dendrites, 
and contains numerous small, angular nerve-cells ; near the dentate gyrus 
there is a layer of small cells, internal to the stratum laciniosum, known as 
the stratum gramdosum. 

In the fascia dentata hippocampi (dentate gyrus) the molecular layer 
contains some pyramidal cells, while the layer of pyramidal cells is almost 
entirely represented by small ovoid cells. 

The olfactory bufb. — In many animals the oKactorvbulb contains a cavity 
which communicates through the olfactory tract with the lateral ventricle. In 
man the original cavity is filled by neuroglia and its wall becomes thickened, 
but much more so on its ventral than on its dorsal aspect. Its dorsal part 
contains a small amount of grey and white substance, but this is scanty and 
ill-defined. A section through the ventral part (fig. 866) shows it to consist of 
the following layers from without inw r ards : (1 ) A layer of olfactory nerve-fibres. - 
These fibres are the non-medullated axons prolonged from the olfactory cells of 
the nasal cavity, and reach the bulb by passing through the lamina cribrosa 
of the ethmoidal bone. At first they cover the bulb, and then penetrate it 
to end by forming synapses with the dendrites of the mitral cells, presently to 
be described. (2) Glomerular layer. — This contains numerous spheroidal bodies, 
termed glomeruli , each of which is produced by the branching and interlace- 
ment of the terminations of one or more olfactory nerve-fibres with the descend- 
ing dendrite of a mitral cell (fig. 876). ' (3) Molecular layer. — This is formed 
of a matrix of neuroglia, imbedded in which are the mitral cells. These cells 
are pyramidal in shape, and the basal part of each gives off a thick dendrite 
which descends into one of the glomeruli, where it ends as indicated above, 
and others which interlace with similar dendrites of neighbouring mitral cells. 
The axons of the mitral cells pass into the next layer, and, bending backwards, 
are continued into the olfactory tract. (4) Nerve-fibre layer. — This lies next 
the central core of neuroglia ; its fibres consist of the axons of the mitral 
cells, and pass to the brain ; some efferent fibres are, however, also present, and 
end in the molecular layer, but nothing is known as to their exact origin. 

The weight of the brain. — The average weight of the brain, in the adult 
male, is about 1380 gms. ; that of the female, about 1250 gms. In the male, 
the maximum weight out of 278 cases was 1840 gms. and the minimum weight 
964 gms. The maximum weight of the adult female brain, out of 191 cases, 
was 1585 gms. and the minimum weight 879 gms. The brain increases rapidly 
during the first four years of life, and reaches its maximum weight by about 
the twentieth year. As age advances, the brain decreases slowly in weight ; in 
old age the decrease takes place more rapidly, and may amount to about 28 gms. 

Applied Anatomy. — The internal capsule is often the seat of haemorrhage from the lenti- 
culostriate and lenticulo- optic arteries (Charcot’s £ arteries of cerebral haemorrhage ’), 
or of thrombosis, in patients whose vessels are weakened by old age or disease. A 4 stroke,’ 
or 4 apoplexy,’ is the result ; blood is effused from the ruptured vessel and tears up the 
surrounding brain tissue, and also interferes with the neighbouring fibres by the compression 
set up by its mass. If the haemorrhage is sudden and at all large, rapid and complete 
loss of consciousness follows, with paralysis of the opposite side of the body and loss of 
control over the sphincters. If it is the occipital part of the internal capsule that is involved, 
the paralysis will be more marked in the leg than in the arm, and will be associated with 
hemianaesthesia, and also with homonymous hemianopsia or blindness of the corresponding 
halves of the two retinae, the patient being unable to see objects on the opposite side of 
the body. If the haemorrhage is very extensive blood often makes its way into the 
ventricles, and death may follow in a few hours or days without recovery of consciousness, 
and with hyperpyrexia. If the haemorrhage is small, consciousness is soon regained, and 
a fair degree of recovery from the paralysis follows, particularly in the leg. If the haemor- 
rhage takes place very slowly, the hemiplegia sets in gradually (ingravescent apoplexy), 
with headache and gradual clouding of the faculties. It is the upper motor neuron (p. 874) 
that is injured in cerebral haemorrhage ; hence the muscles on the affected side of the body 
become spastic, with increased reflexes, while such muscular atrophy as follows is mainly 
due to disuse. The cerebral arteries are liable to sudden obstruction by embolism in 
persons with heart disease, and by thrombosis in those with diseased arteries. The effects 
of either embolism or thrombosis here are comparable with those of cerebral haemorrhage, 
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though the resulting hemiplegia or paralysis is often more gradual in. its onset, and less 
severe in its general results. 


The Chief Nerve Tracts. 

The anatomy of the various parts of the central nervous system having been described, 
a short account will now be given of the chief ascending and descending nerve-tracts 
connecting the brain and the medulla spinalis. This may be effected most conveniently 
by grouping them as follows : (a) the motor (descending) tracts, (b) the sensory (ascending) 
tracts, and "(c) the cerebellar systems (ascending and descending). 


Fig. 867. — The principal motor tracts. (Modified from Poirier.) 



The Motor Tracts. 

Included under this heading are, (a) the principal motor . tracts, originating in the 
cerebral cortex, and (b) the secondary motor tracts originating in the basal ganglia. 

The principal motor tracts (fig. 867). — The constituent fibres of these tracts are the 
axis-cylinder processes of the cells of Betz situated in the motor area of the cortex. The 
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fibres converge as they descend through the corona radiata, and pass between the lentiform 
nucleus and thalamus, in the genu and in the anterior two-thirds of the occipital part of 
the internal capsule ; those in the genu are named the geniculate fibres, the others the 
cerebrospinal fibres. Both sets of fibres proceed downwards, through the middle three-fifths 
of the base of the cerebral peduncle, and then the geniculate fibres cross the middle line, 
and end by arborising around the cells of the motor nuclei of the cerebral nerves. The 
cerebrospinal fibres are continued downwards into the pyramids of the medulla oblongata, 
and thence proceed by one of two paths. The fibres nearest to the anterior median fissure 
cross the middle line, forming the decussation of the pyramids, and descend in the opposite 
lateral funiculus of the medulla spinalis, as the lateral cerebrospinal fasciculus (crossed 
pyramidal tract). Throughout the length of the medulla spinalis, fibres from this fasciculus 
pass into the grey substance, to end by arborising around cells of the posterior column, 
the axons of which in turn make contact with the motor cells of the anterior column. 
The more laterally placed cerebrospinal fibres do not decussate in the medulla oblongata, 
but descend as the anterior cerebrospinal fasciculus (direct pyramidal tract) ; in each 
segment of the upper part of the medulla spinalis some of these fibres cross in the anterior 
white commissure, with the result that all end in the grey substance of the opposite side. 
There is considerable variation in the extent to which decussation takes place in the medulla 
oblongata ; about two-thirds or three-fourths of the cerebrospinal fibres usually decussate 
in the med ull a oblongata and the remainder in the medulla spinalis. 

The secondary motor tracts. — While the presence of a motor path distinct from 
the principal motor tracts has for some time been surmised on clinical grounds, it is only 
recently that anatomical details of it have become available, and many of these are still 
under investigation. In this summary it will be sufficient to indicate that the chief nuclei 
involved are the globus pallidus of the corpus striatum and the red nucleus of the mid-brain. 
The main pathway is from the globus pallidus to the red nucleus, and thence to the opposite 
side of the medulla spinalis by the rubrospinal tract. Secondary pathways probably begin 
in the globus pallidus and run to the substantia nigra and formatio reticularis, and proceed 
by successive neurons downwards to the medulla spinalis. All these descending fibres 
ultimately reach and arborise round the motor cells of the cerebral nerve nuclei or of the 
anterior grey column of the medulla spinalis. 

The axons of the motor cells in the cerebral nuclei proceed through the cerebral' nerves, 
while those of the cells in the anterior grey column of the medulla spinalis pass out in the 
anterior roots of the spinal nerves, forming thus in each instance a final common motor 
pathway, along which impulses are conducted to the muscles of the head, trunk and limbs. 
Bor clinical purposes the neurons constituting the final motor pathway are grouped as the 
lower motor neurons, while the other neurons of the motor pathway form the group of upper 
motor neurons. 


The Sensory Tracts. 

The sensory impulses traversing the cerebrospinal axis may be resolved into three 
groups : (1) exteroceptive, initiated on the surface of the body, and comprising the Sensations 
of touch, temperature, pain, and the special senses ; (2) interoceptive, conveying impulses 
from the visceral systems ; and (3) proprioceptive , which begin in the muscles, tendons 
and joints, and are associated with the muscle sense. 

Information as to the interoceptive group is still so vague that it cannot be described 
satisfactorily in this summary. The proprioceptive group includes some fibres which 
convey sensations of position and movement, not usually very clearly defined in con- 
sciousness, but represented by a pathway that may be conveniently described with the 
other sensory tracts belonging to the exteroceptive group. The pathways of the special 
senses have been already described in sufficient detail, so that in this section are included 
the fibre- tracts for (a) the muscle sense, (&) the tactile sense, (c) the pain and (d) temperature 
senses. The first neurons of all these are the cells of the posterior root ganglia of the 
spinal nerves, and of the ganglia on the cerebral sensory nerves ; the fibres conveying 
the different impulses therefore all enter the cerebrospinal axis together, but immediately 
after entering separate into their respective tracts. 

Muscle sense.— Sensory impulses are conveyed to the medulla spinalis through the 
posterior roots of the spinal nerves. On entering the medulla spinalis these root-fibres 
divide into descending and ascending branches ; the descending branches soon enter and 
ramify in the grey substance ; the majority of the ascending branches are continued 
into the posterior funiculi where they join the fasciculus gracilis and fasciculus cuneatus, 
These fasciculi end by arborising around the cells of the nucleus gracilis and nucleus cuneatus 
in the medulla oblongata (fig. 868), and from these cells the fibres of the medial lemniscus 
take origin and cross to the opposite side in the sensory decussation. In its further course 
the medial lemniscus receives fibres from the terminal nuclei of the ordinary sensory cerebral 
nerves of the opposite side. Ascending through the cerebral peduncle the medial lemniscus 
gives off a few fibres to the lentiform nucleus and insula, but the greater part of it is carried 
into the thalamus where its fibres end. From the cells of the thalamus the fibres of the 
third link in the chain arise and pass to the cerebral cortex behind the central sulcus. 

Tactile sense.— Sensory impulses enter the medulla spinalis by fibres of the posterior 
roots of the spinal nerves. Some of the entering fibres arborise at once with cells in the 
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posterior column of grey matter ; others ascend for varying distances, and end around 
the posterior column cells of higher segments ; from these cells fibres arise and cross to 
the opposite side to run up in the anterior spinothalamic tract. A third set of longer fibres 
ascends as far as the nucleus gracilis and nucleus cuneatus, and ends by arborising around 
the cells of these nuclei ; the fibres from those cells cross in the sensory decussation in 


Fig. 868.— -The. pathway of the muscle sense. (Modified from Poirier.) 



the medulla oblongata, and join the anterior spinothalamic tract, which is continued 
up through the pons and mid-brain to the thalamus where it ends ; the impulse is finally 
carried by the neurons of the thalamus to the cerebral cortex behind the central sulcus. 

Pain and temperature senses.— The fibres conveying these sensory impulses travel 
together. They enter the medulla spinalis through the posterior nerve-roots, and at 
once arborise around the cells of the posterior grey column. The fibres from these cells 
cross to the opposite side of the medulla spinalis where most of them form a long pathway, 
the lateral spinothalamic tract, which runs through the medulla oblongata dorsal to the 
inferior olive and then joins the medial lemniscus and is continued to the thalamus. Some 
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it is limited by the inferolateral border of the hemisphere. It is divided into 
superior, middle, and inferior gyri by the superior and middle temporal sulci. 
The superior temporal sulcus traverses the temporal lobe, some little distance 
below, but parallel with, the posterior ramus of the lateral fissure ; and therefore 
it is often termed the parallel sulcus. The middle temporal sulcus takes the 
same direction as the superior, but is situated at a lower level, and is usually 
subdivided into two or more parts. The superior temporal gyrus lies between 
the posterior ramus^ of the lateral cerebral fissure and the superior temporal 
sulcus, and is continuous behind with the supramarginal and angular gyri 
of the parietal lobe. The middle temporal gyrus is between the superior and 
middle temporal sulci, and is joined posteriorly with the angular gyrus. The 


Fig. 844. — A section showing the upper surface of the left temporal lobe. 
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inferior temporal gyrus is placed below the middle temporal sulcus, and is 
connected behind with the inferior occipital gyrus ; it also extends round 
the inferolateral border on to the inferior surface of the temporal lobe, where 
it is limited by the inferior temporal sulcus. 

The inferior surface is concave, and is continuous posteriorly with the 
tentorial surface of the occipital lobe. It is traversed by the inferior temporal 
sulcus, which extends from near the occipital pole behind, to within a short 
distance of the temporal pole in front, but is frequently subdivided by bridging 
gyri. Lateral to this fissure is the narrow tentorial part of the inferior temporal 
gyrus, and medial to it the fusiform gyrus , which extends from the occipital 
to the temporal pole ; this gyrus is limited medially by the collateral fissure, 
which separates it from the lingual gyrus behind and from the hippocampal 
gyrus in front. 

The insula (island of Reil) (fig. 845) lies deeply in the lateral cerebral 
fissure, and is surrounded by the circular sulcus (p. 846) ; it can only he seen 
when the lips of the lateral cerebral fissure are widely separated, since it is 
overlapped and hidden by the gyri which bound the fissure. These gyri are 
termed the opercula of the insula ; they are separated from each other by the 
three rami of the lateral fissure, and are named the orbital, frontal, fronto- 
parietal, and temporal opercula. The orbital operculum lies below the anterior 
horizontal ramus of the fissure, the frontal between this and the anterior 
ascending ramus, the frontoparietal between the anterior ascending ramus and 
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foot brings on plantar flexion of the toes), if present, show that the reflex ares on whose 
integrity their existence depends are intact; but they often are absent in health and so 
cannot be trusted to indicate disease. The deep reflexes or tendon reactions , such as 
the knee-jerk, or the tendo calcaneus jerk, are increased in chronic degeneration of, 
or gradually increasing pressure on, the cerebrospinal fibres (upper motor neuron), in 
nervous or hysterical patients, and when the irritability of the cells of the anterior column 
(lower motor neuron) is increased, as happens in tetanus or in poisoning by strychnine. 
They are lost when the lower motor or lower sensory neurons aiv fand'in a few 

other conditions; absence of the knee-jerk is very rare in health, and suggests disease in 
some part of its reflex arc, in the third and fourth lumbar segments of the cord, or else, 
more rarely, grave intracranial or spinal disease cutting off the lower from the higher 
nervous centres. _ The organic reflexes of the pupil, bladder, and rectum are of the 
greatest practical importance. The commonest defect in the reflexes of the pupil is reflex 
iridoplegia, or failure to contract on exposure to light, without failure to contract on con- 
vergence or accommodation (‘ Argyll Robertson ’ pupil). The pupil is also contracted 
(miosis) , and may or may not dilate when the skin of the neck is pinched (the ciliospinal 
reflex) . Micturition is a spinal reflex much under the control of the brain ; if the centre 
for micturition in the second sacral segment is destroyed the sphincter and the walls of 
the bladder are paralysed, the bladder becomes distended with urine, and incontinence 
from overflow results. If this centre escapes injury but is cut off more or less completely 
from impulses descending to it from above, there will be more or less interference with 
micturition. This varies in degree from the ‘ precipitate micturition ’ of tabetic patients, 
who must perforce hurry to pass water the moment the impulse seizes them, to the state 
of ‘ reflex incontinence,’ when the bladder automatically empties itself from time to time, 
almost without the patient’s knowledge. Defecation is a very similar spinal reflex, and 
is liable to very similar disorders of function. 

The upper motor neuron (p. 874) is affected in hemiplegia, the lower motor neuron 
(p. 874) in infantile spinal paralysis ; both these systems of neurons are diseased together 
in the somewhat rare disorders known as amyotrophic lateral sclerosis and progressive 
muscular atrophy. The chief symptom here is wasting and weakness in certain groups 
of muscles; the palsy will be flaccid, will: loss of the reflexes, or spastic, with increased 
reflexes, according as the degeneration mainly involves the lower or the upper motor 
neuron. The sphincters are affected only in the later stages of these diseases. 

Pathological changes in the lowest sensory neuron are the cause of tabes dorsalis or 
locomotor ataxy, which occurs almost entirely in adults who have had syphilis. In the 
early or pre-ataxic stage the patient may exhibit the Argyll Robertson pupil (see above), 
and loss of knee-jerks, and complain of sharp, stabbing pains (‘ lightning pains ’) in the 
limbs, difficult or precipitate micturition, and sometimes of severe and painful attacks 
of indigestion (gastric crises). In the second or ataxic stage, coming on perhaps years 
later, he will complain, in addition, of interference with his powers of getting about and 
turning, although his muscular strength is well preserved. He is unable to stand steady 
with his eyes shut or in the dark, his gait becomes exaggerated and stamping in character, 
he has to use a stout stick to walk with, and he may suffer from painful crises in various 
parts of the body. Control over the sphincters is further weakened, and on examination 
there will be found marked incoordination of the limbs, zones of anaesthesia about the 
trunk or down the limbs, and marked analgesia (or insensitiveness to pain) when pressure 
is applied to the bones, tendons, trachea, tongue, eyeballs, mammae, and testes.* The 
ataxy progresses till the third or bedridden stage is reached ; control over the sphincters 
is still further lost, and the patient is likely to die of intercurrent disease or of general 
paralysis of the insane. 

No nervous disease is recognised as dependent upon degeneration of either the inter- 
mediate or highest sensory neuron . 


THE MENINGES OE THE BRAIN AND MEDULLA SPINALIS 

The brain and the medulla spinalis are enveloped by three membranes 
or memages, named from without inwards : the dura mater, the arachnoid, 
and the pia mater. 


The Duea Mateb 

The dura mater is a thick and dense inelastic membrane. The portion of 
it which encloses the brain (cerebral dura mater) differs in several particulars 
from that which surrounds the medulla spinalis (spinal dura mater), and 
therefore it is necessary to describe them separately ; the two parts, however, 
form one complete membrane, and are continuous with one another at the 
foramen magnum. 

* J. Grasset, Le Tabes , Maladie de la SensibiMU profonde ; Montpelier, 1909. 
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The cerebral dura mater lines the interior of the skull, and serves the 
two-fold purpose of an internal periosteum to the bones, and a protective 
membrane for the brain. It is composed of two layers, an inner or meningeal 
and an outer or endosteal ; these are closely united, except along certain lines 
where they are separated by the venous sinuses which drain the blood from 
the brain (p. 717). The dura mater adheres to the inner surfaces of the cranial 
bones, and sends blood-vessels and fibrous processes into them, the adhesion 
being most marked at the sutures, at the base of the skull, arid around the 


Fig. 869. — The dura mater and its processes. Exposed by removing a part of 
the right half of the skull, and the brain. 



foramen magnum. The blood-vessels and fibrous processes are torn across 
when the dura mater is detached from the bones, and consequently the outer 
surface of the membrane presents a rough and fibrillated appearance ; the 
inner surface is smooth and lined by a layer of endothelium. The dura mater 
is continuous through the sutures with the pericranium, and through the 
superior orbital fissure with the periosteal lining of the orbital cavity. It sends 
tubular sheaths on the cerebral nerves as the latter pass through the foramina 
at the base of the skull ; outside the skull these sheaths fuse with the epineurium 
of the nerves ; the sheath of the optic nerve blends anteriorly with the sclera 
of the bulb of the eye. 

The cerebral dura mater sends inwards four processes or septa which divide 
the cranial cavity into a series of freely communicating spaces for the lodgment 
of the brain. These processes are named the falx cerebri, the tentorium cere- 
belli, the falx cerebelli, and the diaphragma sellse. 
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The falx cerebri (fig. 869), so named from its sickle-like form, is a strong, 
arched process of dura mater which descends vertically in the longitudinal 
fissure between the cerebral hemispheres. It is narrow in front, where it is 
fixed to the crista galli of the ethmoidal bone ; and broad behind, where it 
is attached to the middle line of the upper surface of the tentorium cerebelli ; 
the narrow, anterior part is thin, and is frequently perforated by numerous 
apertures. The upper margin of the falx cerebri is convex, and attached to the 
inner surface of the skull on either side of the middle line, as far back as the 
internal occipital protuberance ; the superior sagittal sinus runs along this 


Fie. 870. — The tentorium cerebelli. Superior aspect. 


Optic nerve Internal carotid artery 



Confluence of the sinuses 


margin. Its lower margin is free and concave, and contains the inferior 
sagittal sinus. The straight sinus runs along its attachment to the tentorium 
cerebelli. 

The tentorium cerebelli (fig. 870) is an arched lamina of dura mater which 
covers the superior surface of the cerebellum, and supports the occipital lobes 
of the brain. Its concave, anterior border is free, and bounds a large oval 
opening, the incisura tentorii , which is occupied by the mesencephalon. Its 
convex, posterior border is attached behind to the lips of the transverse sulci 
on the inner surface of the occipital bone, and there encloses the transverse 
sinuses ; in front, the posterior border is attached to the superior angles of the 
petrous parts of the temporal bones, enclosing the superior petrosal sinuses. 
At the apex of the petrous part of the temporal bone the free and attached 
borders cross one another ; the free borders are fixed to the anterior, and the 
attached borders to the posterior, clinoid processes of the sphenoidal bone. As 
already stated, the posterior border of the falx cerebri is attached to the 
median line of the upper surface of the tentorium cerebelli, and the straight 
sinus lies in this line of attachment. 
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The falx cerebelli is a small, median sagittal, triangular process of dura mater 
which is situated below the tentorium cerebelli, and projects forwards into 
the posterior cerebellar notch. Its base, directed upwards, is attached to the 
posterior part of the median line of the tentorium cerebelli ; its posterior margin 
contains the occipital sinus, and is fixed to the internal occipital crest ; its 
apex frequently divides into tw r o small folds, which are lost on the sides of the 
foramen magnum. 

The diaphragm a sellce is a small circular horizontal fold of dura mater, 
which roofs the sella turcica and almost completely covers the hypophysis ; 
a small opening in its centre transmits the infundibulum. 

Structure.— The cranial dura mater consists of white fibrous tissue and elastic fibres 
arranged in flattened lamina? which are imperfectly separated by lacunar spaces and 
blood-vessels into the endosteal and meningeal layers, already referred to. The endosteal 
layer is the internal periosteum for the cranial bones, and contains the blood-vessels for 
their supply. At the margin of the foramen magnum it is continuous with the periosteum 
lining the vertebral canal. The meningeal layer is lined on its inner surface by a layer 
of nucleated endothelium. 

The arteries of the dura mater are very numerous. Those in the anterior fossa of the 
skull are the anterior meningeal branches of the anterior and posterior ethmoidal and 
internal carotid arteries, and a branch from the middle meningeal artery. Those in the 
middle fossa are the middle and accessory meningeal branches of the internal maxillary 
artery ; a branch from the ascending pharyngeal artery, which enters the skull through the 
foramen lacerum ; branches from the internal carotid artery, and a recurrent branch from 
the lacrimal artery. Those in the posterior fossa are meningeal branches from the occipital 
artery, one entering the skull through the jugular foramen, and another through the 
mastoid foramen ; the posterior meningeal branches of the vertebral artery ; occasional 
meningeal branches bom I ho ascending pharyngeal artery, entering the skull through the 
jugular foramen and hypoglossal canal ; and a branch from the middle meningeal artery. 

The veins returning the blood from the cranial dura mater anastomose with the diploic 
veins and end in the cranial blood-sinuses. Many of the meningeal veins do not open 
directly into the sinuses, but indirectly through a series of venus lacunce. These lacunae 

are found on either side of the superior sagittal sinus, 
p IG . gf] portion of the es P ecia lly near its middle portion, and are often in- 
medulla spinalis, showing its paginated arachnoideal granulations ; they communi- 

cate with the diploic and emissary veins. 

The nerves of the cerebral dura mater are filaments 
from the semilunar ganglion of the trigeminal nerve, 
from the ophthalmic, maxillary, mandibular, vagus, 
and hypoglossal nerves, and from the sympathetic. 

The spinal dura mater (figs. 871. 874) forms 
a loose sheath around the medulla spinalis, and 
represents only the inner or meningeal layer of 
' the cerebral dura mater ; the outer or endosteal 
layer ceases at the foramen magnum, its place 
being taken by the periosteum lining the verte- 
bral canal. The spinal dura mater is separated 
from the wall of the vertebral canal by a space, 
the epidural space , which contains a quantity of 
loose areolar tissue and a plexus of veins ; the 
situation of these veins between the sr inal 
dura mater and the periosteum of the vertebrae ' 
corresponds to that of the cranial sinuses 
between the meningeal and endosteal layers 
of the cerebral dura mater. The spinal dura 
mater is attached to the circumference of the 
foramen magnum, and to the second and third 
cervical vertebrae ; it is also connected by 
fibrous slips to the posterior longitudinal liga- 
ment of the vertebrae, especially near the lower 
end of the vertebral canal. The subdural cavity ends at the lower border of 
the second sacral vertebrae; below this level the dura mater closely invests 
the filum terminate of the medulla spinalis and descends to the back of the 
coccyx, where it blends with the periosteum. The dura mater sends tubular 
prolongations on the roots of the spinal nerves and on the complete spinal nerves 


membranes. 
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as they pass through the intervertebral foramina. These prolongations are short 
in the upper part of the vertebral column, but gradually become longer below. 

Structure. — The spinal dura mater resembles in structure the meningeal layer of the 
cranial dura mater ; it consists of white fibrous and elastic tissue arranged in bands or 
lamellae which, for the most part, are parallel with one another and have a longitudinal 
arrangement. Its internal surface is smooth and covered by a layer of emlot helium. Ji is 
sparingly supplied with blood-vessels and nerves. 


The Arachnoid 

The arachnoid is a delicate membrane enveloping the brain and medulla 
spinalis and lying between the pia mater internally and the dura mater exter- 
nally. It is separated from the dura mater by the subdural space, but here and 
there this space is traversed by isolated connective tissue trabeculae, which are ' 
most numerous on the posterior surface of the medulla spinalis. It is separated 
from the pia mater by the subarachnoid cavity which is filled with cerebrospinal 
fluid. 

The arachnoid surrounds the cerebral and spinal nerves, and encloses them 
in loose sheaths as far as their points of exit from the skull and vertebral canal. 

The cerebral part of the arachnoid invests the brain loosely, and does not 
dip into the sulci between the gyri, nor into the fissures, with the exception 
of the longitudinal. On the upper surface of the brain it is thin and trans- 
parent ; at the base it is thicker, and slightly opaque towards the central part, 
where it extends between the two temporal lobes in front of the pons, so as 
to leave a considerable interval between it and the pia mater. 

The spinal part of the arachnoid (figs. 871, 874) is a thin, delicate, tubular 
membrane loosely investing the medulla spinalis. Above, it is continuous 
with the cerebral arachnoid ; below, it widens out, invests the cauda equina, 
and ends at the level of the lower border of the second sacral vertebra 

Structure. — The arachnoid consists of bundles of white fibrous and elastic tissue 
intimately blended together. Its outer surface is covered with a layer of endothelium. 
Vessels of considerable size, but few in number, and, according to Bochdalek, a rich plexus 
of nerves derived from the motor root of the trigeminal, the facial, and the accessory 
nerves, are found in the cerebral part of the arachnoid. 

The subarachnoid cavity is the interval between the arachnoid and pia 
mater. It contains the cerebrospinal fluid and the larger blood-vessels of 
the brain, and is traversed by a network of delicate connective tissue trabeculae, 
which connect the arachnoid to the pia mater. The pia mater and the 
arachnoid are in close contact on the summits of the cerebral gyri ; but where 
the arachnoid bridges the sulci, angular spaces are left, in which the sub- 
arachnoid trabecular tissue is found. At certain parts of the base of the brain, 
the arachnoid is separated from the pia mater by wide intervals, which com- 
municate freely with each other and are named subarachnoid cisternce ; in 
these the subarachnoid tissue is less abundant. 

The subarachnoid cisterns (fig. 872). — The cisterna cerebellomedullaris 
(cisterna magna) is triangular on sagittal section, and is formed by the arachnoid 
bridging the interval between the medulla oblongata and the under surface of 
the cerebellum ; it is continuous below with the subarachnoid cavity of the 
medulla spinalis. The cisterna pontis is a considerable space on the ventral 
aspect of the pons. It contains the basilar artery, and is continuous beiow T 
with the subarachnoid cavity of the medulla spinalis, behind with the cisterna 
cerebellomedullaris, and in front of the pons with the cisterna interpedun- 
cularis. The cisterna interpeduncularis (cisterna basalis) is a wide cavity where 
the arachnoid extends across between the two temporal lobes. Within it are 
the ' cerebral peduncles, the structures in the interpeduncular fossa, and the 
arterial circle of Willis, Anteriorly, the cisterna interpeduncularis is continuous 
with the cisterna chiasmatis which lies in front of the optic chiasma and is pro- 
longed on the upper surface of the corpus callosum ; here the arachnoid stretches 
betw een the cerebral hemispheres immediately beneath the free border of the 
falx cerebri, and thus leaves a space in which the anterior cerebral arteries 
are contained. The cisterna fossce cerebri lateralis contains the middle cerebral 
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artery, and is formed in front of either temporal lobe by the arachnoid bridging 
the lateral cerebral fissure. The cisterna vence magnce cerebri occupies the 
interval between the splenium of the corpus callosum and the superior surface 

of the cerebellum ; it 
extends between the 
layers of the tela chorio- 
idea of the third ven- 
tricle and contains the 
great cerebral vein. 

The subarachnoid 
cavity communicates 
with the general ventri- 
cular cavity of the brain 
by three openings : one, 
the foramen of Majendie, 
is in the middle line at 
the inferior part of the 
roof of the fourth ven- 
tricle ; the other two are 
at the extremities of the 
lateral recesses of that 
ventricle, behind the 
upper roots of the glosso- 
pharyngeal nerves. It 
is stated by Meckel 
that the lateral ven- 
tricles also communicate 
with the subarachnoid 
cavity at the apices of 
their inferior cornua. 
There is no direct communication between the subdural and subarachnoid 
cavities. 

The spinal part of the subarachnoid cavity is a wide interval, and is largest 
at the lower part of the vertebral canal, where the arachnoid encloses the 
nerves which form the cauda equina. Above, it is continuous with the cranial 
subarachnoid cavity ; below, it ends at the level of the lower border of the 
second sacral vertebra. It is partially divided by a longitudinal septum, 
the subarachnoid septum , which connects the arachnoid with the pia mater 
opposite the posterior median sulcus of the medulla spinalis, and forms a 
partition, incomplete and cribriform above, but more complete in the thoracic 
region. The spinal subarachnoid cavity is further subdivided by the ligamentum 
denticulatum (p. 885). 

The arachnoideal granulations (glandulae Pacchionii) (fig. 873) are small 
fleshly-looking elevations, usually collected in clusters which are present in the 
vicinity of the superior sagittal, transverse, and some other sinuses. Upon 
laying open the sagittal sinus and the venous lacunae on either side of it, granu- 
lations will be found protruding into their interior. On close inspection they 
may be seen at the age of eighteen months, “ and at the age of three they are 
disseminated over a considerable area ” ; they increase in number and size as 
age advances. They are enlarged or distended normal villi of the arachnoid, 
which cause absorption of the bone, and so produce the pits or depressions on 
the inner w r all of the calvarium. 

Structure. — The growth and structure of the arachnoideal ‘granulations have recently 
been studied by le Gros Clark.* Histologically each granulation appears as a diverticulum 
of the subarachnoid cavity, penetrating into the interstices of the dura mater, and covered 
by a layer of flattened cells (arachnoid mesothelium) containing large oval nuclei and 
lightly staining protoplasm. In the subarachnoid cavity is a reticulum of fine fibrous 
tissue, the density of which is as a rule greater at the periphery than at the centre of the 
granulation ; in advanced age calcareous nodules are frequently found in it. 

At the summit of the granulation the mesothelial cells proliferate and form a cap which 
penetrates the surrounding dura mater, and fuses with the endothelial lining of one of the 
intradural venous sinuses ; in doing so it pulls out a little stalk of arachnoid membrane 

* W. E. le Gros Clark, J ournal of A natomy , vol. Iv. 1920. 


Fig. 872. — A diagram showing the positions of the three 
principal subarachnoid cisterns. 
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‘Containing a diverticulum of the subarachnoid cavity. Except at the point of fusion with 
the endothelial lining of the sinus, the granulation is surrounded by the subdural space 
and the dura mater ; the latter, covered on its cerebral surface by a layer of endothelium, 
is invaginated into, the venous sinus by the protrusion of the granulation. 

Fluid injected into the subarachnoid cavity passes into these granulations, and it has 
been found experimentally that fluid passes by osmosis from the arachnoideal villi into the 
venous sinuses of the dura mater. 


Fig. 873. — A coronal section through the top of the skull, showing the membranes 
of the brain, &c. Diagrammatic. (Modified from Testut.) 


'Emissary vein 



The cerebrospinal fluid is a clear, slightly alkaline fluid, with a specific gravity of 
about 1007. It contains in solution inorganic salts similar to those in the blood-plasma, 
and also traces of protein and glucose. It supports and protects the delicate structures of 
the brain and medulla spinalis, and maintains a uniform pressure on them. The arachnoideal 
villi are essential structures in the return of the cranial cerebrospinal fluid into the blood- 
stream (Weed *). 

Applied Anatomy . — In various diseases, such as syphilis, meningitis, and infantile 
paralysis, changes take place in the chemical nature of the substances dissolved in the 
cerebrospinal fluid, or in the various cells found suspended in it ; and these alterations are 
often of service in diagnosis. 

Evidence of great value in the diagnosis of meningitis may sometimes be obtained 
by puncturing the spinal membranes and withdrawing some of the cerebrospinal fluid ; 
moreover, the operation of lumbar puncture is in many cases curative, possibly because 
the draining of some of the cerebrospinal fluid relieves the patient by diminishing the 
intracranial pressure. The operation is performed by inserting a trocar, of the smallest 
size, between the laminae of the third and fourth, or of the fourth and fifth lumbar vertebrae, 
through the ligamentum flavum. The medulla spinalis, even of a child at birth, does 
not reach below the third lumbar vertebra, and therefore the canal may be punctured 
between the third and fourth lumbar vertebra without any risk of injuring this structure. 
The point of puncture is indicated by laying the patient on the side and dropping a per- 
pendicular line from the highest point of the iliac crest ; tins will cross the upper border 
of the spinous process of the fourth lumbar vertebra, and will indicate the level at which 
the trocar should be inserted a little to one side of the middle line. The puncture may 
require to be repeated more than once, and the greatest precaution must be taken not to 
allow septic infection of the meninges. If there be any appreciable increase of pressure, 
the fluid will flow through the trocar with the greatest freedom. 

* Lewis H. Weed, Carnegie Institute of Washington; Contributions to Embryology, voL 9, 1920. 
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In addition to the constitutional signs and symptoms of fever, acute spinal meningitis 
exhibits certain characteristic features. Pain and tenderness to pressure along the vertebral 
column are common, and so are pains in the limbs or round the trunk from irritation 
of the posterior nerve-roots by the inflammatory products. Irritation of the anterior 
nerve-roots is shown by the increased tone of the muscles, which may go on to the point 
where they pass into a state of spasm with much-increased reflexes ; this is often seen 
in the retraction of the head and neck. Later in the disease the reflexes are often lost, 
when, also, the urine and faeces may be passed involuntarily. 

Spinal anaesthesia can be induced by injecting certain substances, especially novocain, 
into the cerebrospinal fluid. It is done by means of a syringe attached to a lumbar 
puncture needle, and is especially valuable when, from any cause, the administration of a 
general anaesthetic is inadvisable ; but any operation below the level of the umbilicus 
(10th thoracic nerve) can be performed painlessly by this method. 


The Pia Mater 

The pia mater closely invests the brain and medulla spinalis ; it is a vascular 
membrane, consisting of a minute plexus of blood-vessels held together by an 
extremely fine areolar tissue. The cerebral pia mater invests the entire surface 


Fig. 874. — A transverse section through the medulla spinalis and its membranes. 

Diagrammatic. 



of the brain, dips between the cerebral gyri and between the cerebellar laminse, 
and is invaginated to form the tela chorioidea of the third ventricle, and the 
chorioid plexuses of the lateral and third ventricles (pp. 865, 866) ; as it passes 
over the roof of the fourth ventricle, it forms the tela chorioidea and the chorioid 
plexuses of this ventricle (p. 823). Upon the surfaces of the hemispheres it 
gives off from its deep surface a multitude of sheaths around the minute vessels 
that run perpendicularly for some distance into the cerebral substance. On 
the cerebellum the membrane is more delicate ; the vessels from its deep surface 
are shorter, and its relations to the cortex are not so intimate. 

The spinal pia mater (figs. 871, 874) is thicker, firmer, and less vascular than 
the cerebral pia mater ; this is due to the fact that it consists of two layers, 
the outer or additional one being composed of bundles of connective tissue 
fibres, arranged for the most part longitudinally. Between the layers are cleft- 
like spaces which communicate with the subarachnoid cavity, and a number 
of blood-vessels. The spinal pia mater covers the medulla spinalis, and is 
intimately adherent to it ; in front it sends a septum into the anterior fissure. 
A longitudinal fibrous band, called the linea splendens , extends along the middle 
line of the anterior surface, and a somewhat similar band, the ligamentum 
denticulatum , is situated on either side. Below the conus medullaris the pia 
mater is continued as a long slender filament, th q filum terminate (p. 785). 

The pia mater forms sheaths for the cerebral and spinal nerves ; these 
sheaths are closely connected with the nerves, and blend with their common 
membranous investments. 
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The. ligamentum denticulatum (figs. S71, 901) is a narrow fibrous 
Land situated on either side of the medulla spinalis, and separating the 
anterior from the posterior nerve-roots. Its medial border is continuous 
with the pia mater at the side of the medulla spinalis. Its lateral border 
presents a series of triangular tooth-like processes, the points of which are 
fixed at intervals to the dura mater. These processes are twenty-one in 
number, on either side. The first process crosses behind the vertebral artery 
at the point where that vessel pierces the dura mater, and is separated by 
the artery from the first cervical nerve ; it is attached to the dura mater 
immediately above the margin of the foramen magnum, 1*25 cm. behind the 
hypoglossal nerve. The last process is between the exits of the twelfth thoracic 
and first lumbar nerves, and consists of a narrow oblique band running 
downwards and lateralwards from the conus medullaris (Parsons *). 


THE CEREBRAL NERVES 


There are twelve pairs of cerebral nerves, which are named from before 
backwards as follows : 


1st. Olfactory. 
2nd. Optic. 

3rd. Oculomotor. 
4th. Trochlear. 


5th. Trigeminal. 
6th. Abducent. 
7th. Facial. 

8th. Acoustic. 


9th. Glossopharyngeal. 
10th. Vagus. 

11th. Accessory. 

12th. Hypoglossal. 


These nerves are attached to the brain, and are transmitted through openings 
in the base of the cranium. The motor or efferent cerebral nerves arise within 
the brain from groups of nerve-cells which constitute their nuclei of origin . 
They are brought into relationship with the cerebral cortex by the geniculate 
fibres of the internal capsule; these fibres arise from the cells of the motor 
area of the cortex, cross the middle line and end by arborising round the cells 
of the nuclei of origin of the motor cranial nerves. The sensory or afferent 
cerebral nerves arise from nerve-cells outside the brain ; these nerve-cells may 
be grouped to form ganglia on the trunks of the nerves, or may be situated in 
peripheral sensory organs such as the nose, eye and ear. The centrally 
directed processes of the cells run into the brain, and there end by arborising 
around nerve-cells which are grouped to form nuclei of termination. Fibres 
arise from the cells of these nuclei and, after crossing to the opposite side, 
join the lemniscus, and thus connect the nuclei, directly or indirectly, with 
the cerebral cortex. 


The Olfactory Nerves (fig. 875) 

The olfactory nerves, or nerves of smell, are distributed to the mucous 
membrane of the olfactory region of the nasal cavity ; this region comprises 
the superior nasal concha, and the opposed part of the nasal septum. The 
nerve-fibres originate from the central or deep processes of the olfactory cells 
of the nasal mucous membrane, and are collected into bundles which cross one 
another in various directions, and thus give rise to the appearance of a plexi- 
form network in the mucous membrane. They are then collected into about 
twenty branches, which pierce the lamina cribrosa of the ethmoidal bone in 
lateral and medial groups, and end in the glomeruli of the olfactory bulb (fig. 
876). Each branch receives tubular sheaths from the dura mater and pia 
mater, the former being continued into the periosteum of the nose, the latter 
into the neurolemma of the nerve. 

The olfactory nerves are non-medullated, and consist of axis-cylinders 
surrounded by nucleated sheaths, in which, however, there are fewer nuclei 
than in the sheaths of ordinary non-medullated nerve-fibres, j* 

* Proceedings of the Anatomical Society of Great Britain and Ireland , 1915. 

t Closely associated with the olfactory nerves is a pair of small nerves named the nervi 
terminates. 

These nerves were first seen in the lower vertebrates, but their presence has been demonstrated 
in the human embryo and adult. They consist chiefly of non-medullated nerve-fibres, and on 
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The olfactory centre in the cortex is generally associated with the 
rhineneephalon. (p. 85 1 ) . 


Fig. 875. — The nerves of the septum of the nose. Right side. 



Fig. 87 6. — A plan of the olfactory neurons. 
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Applied Anatomy . — In severe injuries to the head involving the anterior fossa of the 
base of the skull, the olfactory bulb may become separated from the olfactory nerves or 
the nerves may be tom, thus producing loss of smell (anosmia), and with this there is a 
considerable loss in the sense of taste, since much of the perfection of the sense of taste is 
due to the substances being also odorous, and simultaneously exciting the sense of smell. 

Anosmia often occurs after influenza or other acute infection of the nose. Parosmia, 
or a perversion of the sense of smell, may occur in lesions of the cortical olfactory centres, 
or in insanity. 


The Optic Nebve (fig. 877) 

The optic nerve or nerve of sight is distributed to the bulb of the eye. 
Most of its fibres are afferent and originate in the nerve-cells of the ganglionic 
layer of the retina (p. 1001), but a few are 
efferent and spring from nerve-cells in the 
lower visual centres of the brain (p. 836). 

Developmentally, the optic nerves and the 
retime are parts of the brain (p. 101). 

The fibres of the optic nerve form the 
innermost layer (stratum opticum) of the 
retina ; they converge to the optic disc, 
and then pierce the chorioid coat and the 
lamina cribrosa of the sclera at the pos- 
terior part of the bulb of the eye, about 
3 or 4 mm. to the nasal side of its centre. 

As the nerve-fibres traverse the lamina 
cribrosa they receive their medullary 
sheaths, and run in bundles which are 
collected to form the optic nerve. 

The optic nerve, about 4 cm. long, 
is directed backwards and medialwards 
through the posterior part of the orbital 
cavity. It then runs through the optic 
foramen into the cranial cavity and joins 
the optic chiasma. 

The intra-orbital part of the nerve is about 25 mm. long and has a slightly 
sinuous course, the length of the nerve being about 6 mm. more than the dis- 
tance between the optic foramen and the eyeball. Posteriorly it is closely 
surrounded by the rectus muscles, but anteriorly is separated from them by a 
quantity of fat in which the ciliary vessels and nerves are lodged. The ciliary 
ganglion lies between the nerve and the Rectus lateralis muscle. The infero- 
medial surface of the nerve is pierced, at a distance of about 12 mm. behind 
the bulb of the eye, by the central artery and vein of the retina, which are then 
directed forwards in the centre of the nerve to the optic disc. Near the optic 
foramen the ophthalmic artery runs forwards and medialwards across the 
nerve ; in the foramen the nerve lies above and medial to the artery, and is 
separated medially from the sphenoidal and posterior ethmoidal air-sinuses by 
a thin lamina of hone. 

The intracranial part of the optic nerve, about 10 mm. long, runs backwards 
and medialwards from the optic foramen' to the optic chiasma. Above it are 
the posterior parts of the olfactory tract and gyrus rectus, and, near the chiasma, 
the -anterior cerebral artery. On its lateral side is the internal carotid artery. 

The optic nerve consists mainly of fine medullated fibres, and is enclosed 
in three sheaths which are continuous with the membranes of the brain. The 
outer sheath , derived from the dura mater, is thick and fibrous, and blends 
anteriorly with the sclera of the bulb of the eye. The intermediate sheath, 
derived from the arachnoid membrane, is thin and delicate. It is separated 
from the outer sheath by the subdural space, and from the inner sheath by 
the subarachnoid cavity. The inner sheath , derived from the pia mater, is 
vascular and closely invests the nerve. From its deep surface septa pass into 
the nerve and subdivide and reunite to enclose what appear, in transverse 
sections of the nerve, as polygonal areas which are occupied by the bundles 
of nerve-fibres. From the inner sheath also, an investment is carried on the 
central vessels of the retina as far as the optic disc. 


Fig. 877. — The left optic nerve, the 
optic chiasma, and the optic tracts. 
Inferior aspect. 
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an opening, the hilum, from which most of the fibres of the brachinm eonjunc- 
tivum emerge (p. 818). 

The nucleus emboliformis lies close to the medial side of the nucleus dentatus, 
and partly covering its hilum. The nucleus globosus , an elongated mass, 
lies on the medial side of the nucleus emboliformis, and is directed antero- 
posteriorly. The nucleus fastigii (nucleus tecti), somewhat larger than the 
other two, is situated close to the middle fine in the anterior part of the 
superior vermis, and immediately over the roof of the fourth ventricle, from 
which it is separated by a thin layer of white substance. 

Applied Anatomy . — The general functions of the cerebellum in the human economy 
appear to be the co-ordination of movements, and equilibration. The exact functions 
of its different parts are still quite uncertain, owing to the contradictory nature of the 
evidence furnished by (1) ablation experiments upon animals, and (2) clinical observa- 
tions in man of the effects produced by abscesses or tumours affecting different portions 
of the organ. According, to W. Aldren Turner, ‘ The following localising symptoms would 
therefore indicate the presence of a tumour implicating the right cerebellar hemisphere 
and middle peduncle : deafness in the right ear, unassociated with middle ear complica- 
tions and unsteady and uncertain gait with a tendency to fall more particularly to the 
right side ; coarse nystagmoid oscillations on looking to the right ; movements resembling 
those of disseminated sclerosis on volitional effort of the right arm ; an awkward uncertain 
action of the right leg ; a slight increase of the right knee-jerk ; and, perhaps, slight 
blunting of sensibility over the right cornea and side of the face. 5 


The Fourth Ventricle 

The fourth ventricle, or cavity of the rhombencephalon, is a somewhat 
lozenge-shaped space situated in front of the cerebellum, and behind the pons 
and upper half of the medulla oblongata. Developmentally considered, it 

Fig. 820.-— A scheme showing the roof of the fourth ventricle. The arrow is in 
the foramen of Majendie. 
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consists of three parts : a superior belonging to the isthmus rhombencephali, 
an intermediate , to the metencephalon, and an inferior, to the myelencephalon. 
It is lined by ciliated epithelium, and its inferior angle is continuous with the 
central canal of the medulla oblongata ; its superior angle is continuous with the 
cerebral aqueduct which opens above into the cavity of the third ventricle. 
From its middle part a narrow, curved pouch, named the lateral recess, is pro- 
longed on either side between the restiform body and the flocculus, and reaches 
as far as the attachments of the glossopharyngeal and vagus nerves. 

The fourth ventricle possesses lateral boundaries, a roof or dorsal wall, and 
a floor or ventral wall (rhomboid fossa). 
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The optic tract is a cylindrical bundle of nerve -fibres which, runs backwards 
and lateral-wards from the optic chiasma. It passes between the anterior per- 
forated substance and the tuber cinereum and reaches the under surface of the 
cerebral peduncle, where it becomes flattened. It then winds round and is 
adherent to the cerebral peduncle, and divides into a medial and a lateral root. 
The fibres of the medial root form the commissure of Gudden, already referred 
to ; the lateral and larger root ends in the lateral geniculate body, the pulvinar 
of the thalamus and the superior colliculus (superior quadrigeminal body), 
which together constitute the lower visual centres. From the cells of the lateral 
geniculate body and the pulvinar fibres, termed the optic radiations , take 
origin, and pass through the occipital part of the internal capsule to the higher 
or cortical visual centre , which is situated in the euneus and in the neighbour- 
hood of the calcarine fissure. Many efferent fibres from the superior colliculus 
cross the middle line and descend in the medial longitudinal fasciculus, some 
ending in the nuclei of the oculomotor, trochlear and abducent nerves, others 
(tectospinal fibres) passing to the spinal medulla. 

Applied Anatomy . — The optic nerve is peculiarly liable to become the seat of neuritis 
or undergo atrophy in affections of the central nervous system, and as a rule the patho- 
logical relationship between the two affections is exceedingly difficult to trace. There 
are, however, certain points in connexion with the anatomy of this nerve which tend to 
throw light upon the frequent association of its affections with intracranial disease. (1) 
From its mode of development, and from its structure, the optic nerve must be regarded 
as a prolongation of the brain- substance, rather than as an ordinary cerebral nerve. (2) It 
receives sheaths from the three cerebral membranes, and these sheaths are separated 
from each other by spaces which communicate with the subdural and subarachnoid cavities 
respectively. The innermost sheath sends a process around the arteria centralis retinae 
into the interior of the nerve, and enters intimately into its structure. Thus inflammatory 
affections of the meninges or of the brain may readily extend along these spaces, or along 
the interstitial connective tissue in the nerve. 

The optic neuritis or papillitis (“ choked disc ”) that is often seen in cases of intra- 
cranial new growth with increased intracranial tension is probably caused by increased 
pressure in the sheath of the optic nerve, due to excess of fluid in the general sub- 
arachnoid space with which this sheath is in direct communication. If, as is the case, 
for example in the internal hydrocephalus seen as a complication of cerebro -spinal fever, 
there is no increase in the amount of fluid in the subarachnoid space, then there will be no 
optic neuritis although the intracranial tension may rise until it brings about the patient’s 
death. 

The course of the fibres in the optic chiasma has’ an important pathological bearing 
and has been the subject of much controversy. Microscopic examination, experiments, 
and pathology all seem to point to the fact that there is a partial decussation of the fibres, 
each optic tract supplying ib.e corresponding half of each eye, so that the right tract 
supplies the right ho'n 'of each eye, and the left tract the left half of each eye. At the 
same time Charcot believes, and his view has met with general acceptance, that the fibres 
which do not decussate at the optic chiasma undergo decussation in the corpora quadri- 
gemina, so that the lesion of the cerebral centre of one side causes complete blindness of 
the opposite eye, because both sets of decussating fibres are destroyed ; whereas if one 
tract, say the right, be destroyed by disease, there will be blindness of the right half of 
both retinae. 

An anteroposterior section through the chiasma v'ould divide the decussating fibres, 
and would therefore produce blindness of the medial half of each eye ; while a section at 
the margin of the side of the optic chiasma would produce blindness of the lateral half 
of the retina of the same side. An early symptom of tumour-growth in the hypophysis 
is pressure on the chiasma. 

The optic nerve may also be affected in injuries or diseases involving the orbit ; in 
fractures of the anterior fossa of the base of the skull ; in tumours of the orbit itself, or 
those invading this cavity from neighbouring parts. 


The Oculomotor Nerve (figs. 880 to 882) 

The oculomotor nerve supplies all the ocular muscles, except the Obliquus 
superior and Rectus lateralis ; it also supplies, through its connexion with 
the ciliary ganglion, the Sphincter pupillse and the Ciliaris muscles. 

The fibres of the oculomotor nerve arise from a nucleus which lies in the 
grey substance of the upper part of the floor of the cerebral aqueduct and 
extends in front of the aqueduct for a short distance into the floor of the third 
ventricle. From this nucleus the fibres pass forwards through the tegmentum, 
the red nucleus, and the medial part of the substantia nigra, forming a series 
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of curves with a lateral convexity, and emerge from the oculomotor sulcus on 
the medial side of the cerebral peduncle (fig. 822). 

The nucleus of the oculomotor nerve does not consist of a continuous 
column of cells, but is broken up into a number of smaller nuclei, -which 
are arranged in two groups, anterior and posterior. Those of the posterior 

group are six in number, five of 


Fig. 879. — A scheme showing the dif- 
ferent groups of cells which constitute, 
according to Perlia, the nucleus of origin 
of the oculomotor and trochlear nerves. 
(Testut.) 
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which are symmetrical on the two 
sides of the middle line, while the 
sixth is centrally placed and is 
common to the nerves of both sides. 
The anterior group consists of two 
nuclei, an anteromedial and an 
anterolateral (fig. 879). 

The nucleus of the nerve is said 
to send fibres through the medial 
longitudinal fasciculus to the facial 
nerve, for the supply of the Orbicu- 
laris oculi, Corrugator, and Frontalis 
muscles.* It is also connected with 
the nuclei of the trochlear and abdu- 
cent nerves, with the cerebellum, the 
superior colliculus, and the cortex of 
the occipital lobe of the cerebrum. 

The nucleus of the oculomotor 
nerve, considered from a physio- 
logical standpoint, can be subdivided 
into several smaller groups of cells, 
each group controlling a particular 
muscle. The nerves to the different 
muscles appear to take their origin 
from behind forwards as follows : 
Rectus inferior, Obliquus inferior, 
Rectus medialis, Rectus superior, and 
Levator palpebrse superioris ; while 
from the anterior end of the nucleus 
the fibres for the Ciliaris, and possibly 
those for the Sphincter pupillae, take 
their origin. Some observers are of 
opinion that the fibres which supply 
the Sphincter pupillse are not derived 
from the nucleus of the third nerve, f 
On emerging from the brain, the nerve is invested with a sheath of pia 
mater, and enclosed in a prolongation from the arachnoid. It passes between 
the superior cerebellar and posterior cerebral arteries, runs forward in the 
cisterna interpeduncularis on the lateral side of the posterior comm un icating 
artery. It then perforates the arachnoid membrane and lies in the triangular 
interval between the free and attached borders, of- the tentorium cerebellL^ 
Piercing the dura mater on the lateral side of the posterior clinoid process the 
nerve traverses the lateral wall of the cavernous sinus, where it lies above the 
trochlear nerve, and receives one or two filaments from the cavernous plexus 
of the sympathetic, and a branch from the ophthalmic division of the trigeminal. 
It then divides into a superior and an inferior ramus, which enter the orbit 
through bhe superior orbital fissure, within the annulus tendineus which gives 
origin to the Recti muscles ; here the nasociliary nerve is placed between the 
two rami. 

The superior ramus , the smaller, ascends on the lateral side of the optic 
nerve, and supplies the Rectus superior and Levator palpebrse superioris. The 
inferior ramus divides into three branches (fig. 880). One passes beneath the 
optic nerve to the Rectus medialis ; another goes to the Rectus inferior ; the 
third and longest runs forwards between the Rectus inferior and Rectus lateralis, 

* See footnote, p. 828. 

t Consult an article on ‘ Ocular palsies * by Leslie Paton, British J ournal of Ophthalmology , 
vol. v. No. 6, June, 1921. J F ™ 
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to the Obliquus inferior. From the nerve to the Obliquus inferior a short thick 
branch is given to the lower part of the ciliary ganglion, and forms its short or 
parasympathetic root. The branches enter the muscles on their ocular surfaces, 
with the exception of that to the Obliquus inferior, which enters the posterior 
border of the muscle. 


Fig. 880. — A plan of the oculomotor nerve. 



Applied Anatomy . — Paralysis of the oculomotor nerve may be the result of various 
causes, such as cerebral disease ; or conditions causing pressure on the cavernous sinus ; 
or periostitis of the bones entering into the formation of the superior orbital fissure. It 
leads, when complete, to (1) ptosis, or drooping of the upper eyelid, in consequence of 
the Levator palpebrse superioris being paralysed; (2) external" strabismus, on account 
of the unopposed action of the Rectus lateralis and Obliquus superior, which are not 
supplied by the oculomotor nerve and are therefore not paralysed ; (3) dilatation of the 
pupil, because the Sphincter pupillse is paralysed ; (4) loss of power of accommodation 
and of contraction on exposure to light, as the Sphincter pupillse and the Ciliaris are 
paralysed ; (5) slight prominence of the eyeball, owing to most of its muscles being relaxed ; 
and (6) diplopia, or double vision, the false image "being higher than the true, and the 
separation of the two images increasing with medial movements. Occasionally paralysis 
may affect only a part of the nerve — that is to say, there may be, for example, a dilated 
and fixed pupil, with ptosis, but no other signs. Irritation of the nerve causes spasm of 
one or other of the muscles supplied by it ; thus, there may be internal strabismus from 
spasm of the Rectus medialis ; accommodation for near objects only, from spasm of the 
Ciliaris ; or miosis (contraction of the pupil) from irritation of the Sphincter pupillse. 

The oculomotor nerve is particularly liable to become involved in a syphilitic peri- 
arteritis, as it leaves the base of the brain, when passing between the posterior cerebral 
and superior cerebellar arteries. 

The Trochlear Nerve (fig. 881) 

The trochlear nerve, the smallest of the cerebral nerves, supplies the 
Obliquus superior oculi. 

It arises from a nucleus situated in the floor of the cerebral aqueduct, 
opposite the upper part of the inferior colliculus. From its origin it runs 
downwards through the tegmentum, and then turns backwards into the upper 
part of the anterior medullary velum. Here it decussates with its fellow, and 
reaching the opposite side, emerges from the surface of the velum at the side 
of the frenulum veli, immediately behind the inferior colliculus. 

The nerve is directed across the brachium conjunctivum cerebelli, and then 
winds forwards round the cerebral peduncle immediately above the pons, and 
between the posterior cerebral and superior cerebellar arteries. It appears 
between the border of the pons and the temporal lobe, and pierces the dura 
mater immediately below the free border of the tentorium cerebelli, a little 
behind the posterior clinoid process, and passes forwards in the lateral wall of 
the cavernous sinus, b§lo^.fihe.pqulora9tor. noxye and above the ophthalmic 
division of the trigeminal nerve. Near the front of the sinus it crosses the oculo- 
motor nerve, and enters the orbit through the superior orbital fissure, above 
the ocular muscles, and medial to the frontal nerve. In the orbit it passes 
medialwards, above the origin of the Levator palpebrse superioris, and finally 
enters the orbital surface of the Obliquus superior. 



892 


NEUROLOGY 


In the lateral wall of the cavernous sinus the trochlear nerve is joined by a. 
branch from the ophthalmic division of the trigeminal nerve, and communicates 
with the cavernous plexus of the sympathetic. In the superior orbital fissure 

it occasional!}^ gives off a branch to 

right orbit. 


Fig. 881 . 


-The nerves of the 
Superior aspect. 


the lacrimal nerve. 

Applied A natomy . — When the troch- 
lear nerve is paralysed there is loss of 
function in the Obliquus superior, so that 
the patient is unable to turn his eye 
downwards and outwards. Should the 
patient attempt to do this, the eye of the 
affected side is rotated inwards, produc- 
ing diplopia or double vision. Single 
vision exists in the whole of the field so 
long as the eyes look above the hori- 
zontal plane, diplopia occurs on look- 
ing downwards. To counteract this the 
patient holds his head forwards, and also 
inclines it to the sound side. 


The Trigeminal Nerve 

The trigeminal nerve is the 
largest cerebral nerve. It is the 
sensory nerve of the face and of 
the greater part of the scalp, and 
the motor nerve of the muscles of 
mastication. It divides into three 
nerves, viz. the ophthalmic, the 
maxillary, and the mandibular. 

It is attached to the anterior or 
ventral surface of the pons, near 
its upper border, by a large sen- 
sory, and a small motor, root — 
the latter being placed medial and 
anterior to the former. 

The fibres of the sensory root 
arise from the cells of the semi- 
lunar ganglion (Gasserian ganglion). 
This ganglion (figs. 881, 882) occu- 
pies a cavity (cavum Meckelii) in the 
dura mater covering the trigeminal impression near the apex of the petrous 
part of the temporal bone. The ganglion is somewhat crescentic in shape, with 
its convexity directed forwards and lateralwards. Medially, it is in relation 
with the internal carotid artery and the posterior part of the cavernous sinus. 
Beneath it are the motor root of the nerve, and the greater superficial petrosal 
nerve. It receives filaments from the cavernous plexus of the sympathetic, 
and gives twigs to the tentorium cerebelli. 

The axis-cylinders of the cells of the semilunar ganglion divide into peripheral 
and central branches. The former are grouped to form the ophthalmic and 
maxillary nerves, and the sensory part of the mandibular nerve. The central 
branches constitute the fibres of the sensory root of the nerve, which leaves 
the concave margin of the ganglion, runs backwards and medial wards below 
the superior petrosal sinus and the tentorium cerebelli, and enters the pons. 
In the pons these fibres divide into ascending and descending branches. The 
ascending branches end in the upper sensory nucleus of the trigeminal nerve, 
which is situated in the pons, lateral to, and somewhat deeper than, the motor 
nucleus. The descending branches form what is named the spinal tract of the 
trigeminal nerve. This tract runs downwards through the pons into the 
medulla oblongata superficial to a nucleus of grey substance which is continu- 
ous interiorly with the gelatinous substance of Rolando. As the tract descends, 
a succession of fibres leaves it and enters the nucleus, and the tract gradually 
diminishes in size, and finally ends in the upper part of the cervical -portion of 
the medulla spinalis. 
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Medullation of the fibres of the sensory root begins about the fifth month of 
foetal life, but all of its fibres are not medullated until the third month after 
birth. 

The fibres of the motor root arise from two nuclei, an inferior and a superior. 
The inferior or chief nucleus is situated in the upper part of the pons, close to 
its dorsal surface,^ and along the line of the lateral margin of the rhomboid 
fossa. The superior nucleus consists of a strand of cells occupying the whole 
length of the lateral portion of the grey substance of the cerebral aqueduct. 
The fibres from this nucleus constitute the mesencephalic root * ; they descend 
through the mesencephalon, and, entering the pons, join with the fibres from 
the lower nucleus, and the motor root, thus formed, passes forwards through 
the pons to its point of emergence. 

Four small ganglia are associated with the three divisions of the trigeminal 
nerve, viz.- — the ciliary ganglion with the ophthalmic nerve ; the sphenopalatine 
ganglion with the maxillary nerve ; and the otic and submaxillary ganglia with the 
mandibular nerve. 


The Ophthalmic Nerve (figs. 881, 882) 

The ophthalmic nerve, the first division of the trigeminal nerve, is a 
sensory nerve. It supplies branches to the bulb of the eve, the lacrimal gland 
and the conjunctiva, to a part of the mucous membrane of the nasal cavity, and 
to the skin of the nose, eyelids, forehead, and scalp. It is the smallest division 
of the trigeminal nerve, and arises from the anteromedial part of the semilunar 
ganglion as a flattened band, about 2*5 cm. long, which passes forwards along 
the lateral wall of the cavernous sinus below the oculomotor and trochlear 
nerves ; just before entering the orbit through the superior orbital fissure, it 
divides into three branches, lacrimal , frontal, and nasociliary. 

The ophthalmic nerve is joined by filaments from the cavernous plexus of 
the sympathetic, and gives twigs to the oculomotor, trochlear, and abducent 
nerves ; it supplies a recurrent branch (n. tentorii), which crosses and adheres 
to the trochlear nerve, and is distributed to the tentorium cerebelli. 

The lacrimal nerve (fig. 881) is the smallest branch of the ophthalmic 
nerve. It sometimes receives a filament from the trochlear nerve, but possibly 
this filament consists of fibres which have previously passed from the ophthalmic 
to the trochlear nerve. The lacrimal nerve enters the orbit through the lateral 
part of the superior orbital fissure, runs along the upper border of the Rectus 
lateralis with the lacrimal artery, and sends downwards a branch to join the 
zygomatic branch of the maxillary nerve. It enters the lacrimal gland and 
gives off several filaments to the gland and the conjunctiva. Finally it pierces 
the orbital septum, and ends in the skin of the upper eyelid, joining with fila- 
ments of the facial nerve. 

The lacrimal nerve is occasionally absent, and its place is then taken by the zygo- 
maticotemporal branch of the maxillary nerve. Sometimes the latter branch is absent, 
and a continuation of the lacrimal is substituted for it. 

The frontal nerve (figs. 881, 882) is the largest branch of the ophthalmic 
nerve. It enters the orbit through the superior orbital fissure abaye the 
muscles, and runs forwards between the Levator palpebrae superioris and the 
periosteum. About midway between the apex and base of the orbit it divides 
into two branches, a small supratrochlear and a larger supra-orbital. 

The supratrochlear nerve runs medialwards and forwards, passes above the 
pulley of the Obliquus superior, and gives off a descending filament, to join 
the infratrochlear branch of the nasociliary nerve. The nerve then emerges 
from the orbit between the pulley of the Obliquus superior and the supra- 
orbital foramen, curves upwards on the forehead close to the bone in company 
with the frontal branch of the ophthalmic artery, and sends filaments to the 
conjunctiva and skin of the upper eyelid ; it then ascends under cover of the 
Oorrugator and Frontalis, and divides into branches which pierce these muscles 
and supply the skin of the lower part of the forehead close to the middle line. 

* Some are of opinion that the mesencephalic root of the trigeminal nerve consists of sensory 
fibres. 
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The supra- orbital nerve passes through the supra-orbital foramen, and gives, 
off palpebral filaments to the upper eyelid. It then ascends upon the forehead 
with the supra-orbital artery, and divides into a smaller medial, and a larger 
lateral, branch, which supply the skin of the scalp, reaching nearly as far back 
as the lambdoid suture. These two branches are at first situated beneath the 
Frontalis ; the medial branch perforates this muscle, the lateral branch pierces 
the galea aponeurotica. Both branches supply small twigs to the pericranium 
and to the mucous membrane of the frontal air-sinus. 

The nasociliary nerve (figs. S81, 882) is intermediate in size between the 
frontal and lacrimal nerves, and is more deeply placed. It enters the orbit 
through the medial part of the superior orbital fissure within the annulus 
tendineus which gives origin to the Recti muscles of the eyeball, and here it 
is situated between the two rami of the oculomotor nerve. It crosses the optic 
nerve with the ophthalmic artery, and runs obliquely beneath the Rectus 
superior and Obliquus superior, to the medial wall of the orbital cavity. Here, 
under the name of the anterior ethmoidal nerve it passes through the anterior 


Fig. 882. — The nerves of the right orbit, and the ciliary ganglion. Lateral aspect. 


Internal carotid artery 
and carotid plexus 
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ethmoidal foramen and, entering the cavity of the cranium, traverses a shallow 
groove on the lateral margin of the front part of the lamina cribrosa of the 
ethmoidal bone, beneath the dura mater ; it then descends through a slit at 
the side of the crista galli into the nasal cavity, and lies in a groove on the 
inner surface of the nasal bone. It supplies two internal nasal branches — a 
medial to the mucous membrane of the front part of the nasal septum, and a 
lateral to the anterior part of the lateral wall of the nasal cavity. Finally, it 
emerges, as the external nasal branch , between the lower border of the nasal 
bone and the lateral nasal cartilage, and, passing down beneath the Nasalis 
muscle, supplies the skin of the ala and apex of the nose. 

The nasociliary nerve gives off the long root of the ciliary ganglion, the long 
ciliary, the infratrochlear, and the posterior ethmoidal nerves. 

The long or sensory root of the ciliary ganglion usually arises from the naso- 
ciliary nerve as the latter enters the orbital cavity. It passes forwards on 
the lateral side of the optic nerve, and enters the posterosuperior angle of the 
ciliary ganglion ; it is sometimes j oined by a filament from the cavernous plexus 
of the sympathetic, or from the superior ramus of the oculomotor nerve. 

The long ciliary nerves , two or three in number, are given off from the naso- 
ciliary nerve, as it crosses the optic nerve. Thev accompany the short ciliary 
nerves from the ciliary ganglion, pierce the sclera around the attachment of 
the optic nerve, and, running forwards between the sclera and the chorioid, are 
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distributed to the ciliary body, iris, and cornea ; they contain the sympathetic 
fibres for the Dilatator papillae. 

The infratrochlear nerve is given off from the nasociliary nerve near the 
anterior ethmoidal foramen. It runs forwards along the medial wall of 
the orbit above the upper border of the Rectus medialis, and is joined, near the 
pulley of the Obliquus superior, by a filament from the supratrochlear nerve. 
It then escapes from the orbit beneath the pulley of the Obliquus superior : 
it supplies branches to the skin of the eyelids and side of the nose, the con- 
junctiva, lacrimal sac, and caruncula lacrimalis. 

The posterior ethmoidal nerve leaves the orbital cavity through the posterior 
ethmoidal foramen and gives twigs to the ethmoidal and sphenoidal air-sinuses. 
This nerve is absent in about thirty per cent, of subjects. 


Fig. 883. — A scheme showing the roots and the branches of distribution of the 

ciliary ganglion. 


MID BRAIN 


Purest/ mpathctic root 
\ Sensor?/ root 
\ \ Sympathetic roci 



To invoL 



Level of 
j^thor. 
segment 


Superior 
I cervical 
' ganglion 


| J s f thoracic 
ganglion 


- . 76 Constrictor 

'--j x \ T .j. pupillcc 

... \ -Lonq czliant nerves 

Jkxsoczutirp ^ ^ 

— - ToOr&italis muscle 

The ciliary ganglion (figs. 880 
882, 883) is a small, quadrangular, 
flattened ganglion, of a reddish-grey 
colour, and about the size of a pin’s 
head; it is situated near the apex 
of the orbit, in some loose fat 

between the optic nerve and the 
Rectus lateralis muscle, lying gener- 
ally on the lateral side of the 

ophthalmic artery. 

' ! Its roots (fig. 883) are three in 

number, and enter its posterior 

border. One, the long or sensory root, is derived from the nasociliary nerve, 
and joins the posterosuperior angle of the ganglion. The second, the short or 
parasympathetic root, is a thick nerve (occasionally divided into two parts) 
derived from the branch of the oculomotor nerve to the Obliquus inferior, and 
connected with the postero-inferior angle of the ganglion. The third, the 
sympathetic root, is a slender filament from the cavernous plexus of the 
sympathetic ; it is frequently blended with the long root. 

Its branches are the short ciliary nerves. These are delicate filaments, 
from six to ten in number, which arise from the front of the ganglion in two 
bundles connected with its superior and inferior angles ; the lower bundle 
is the larger. They run forwards with the ciliary arteries in a wavy course, 
one set above, the other below the optic nerve, and are accompanied by 
the long ciliary nerves. They subdivide into about fifteen or twenty branches 
which pierce the sclera around the entrance of the optic nerve, pass forwards 
in delicate grooves on the inner surface of the sclera, and are distributed to the 
Ciliaris muscle, iris, and cornea. Tiedemann described a small branch w r hich 
penetrated the optic nerve with the arteria centralis retinae. 


The . Maxillary Nerve (fig. 884) 

The maxillary nerve, or second division of the trigeminal nerve, is a 
sensory nerve, and is intermediate in position and size between the ophthalmic 
and mandibular nerves. It begins at the middle of the semilunar ganglion 
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as a flattened plexiform band, and, passing horizontally forwards in the lower 
part of the lateral wall of the cavernous sinus, leaves the skull through, the 
foramen rotundum, where it becomes more cylindrical in form and firmer in 
texture. It then crosses the upper part of the pterygopalatine (spheno- 
maxillary) fossa, inclines lateralwards on the posterior surface of the orbital 
process of the palatine bone and on the upper part of the infratemporal surface 
of the maxilla, and enters the orbit through the inferior orbital fissure ; if. 
traverses the infra-orbital groove and canal in the floor of the orbit, and appears 
on. the face through the infra-orbital foramen.* At its termination, the nerve 
lies beneath the Quadratus labii superioris, and divides into branches which are 
distributed to the side of the nose, the lower eyelid, and the upper lip, and join 
with filaments of the facial nerve. 

The branches of the maxillary nerve may be divided into four groups, accord- 
ing as they are given off in the cranium, in the pterygopalatine fossa, in the 
infra-orbital canal, or on the face. 


In the cranium 

In the pterygopalatine fossa 

In the infra-orbital canal 

On the face . 


Middle meningeal. 
(Zygomatic. 

* Sphenopalatine. 

[Posterior superior alveolar. 
/■Middle superior alveolar, 

\ Anterior superior alveolar. 


(Inferior palpebral. 
I External nasal. 
[Superior labial. 


The middle meningeal nerve is given off from the maxillary nerve near 
the semilunar ganglion ; it accompanies the anterior branch of the middle 
meningeal artery and supplies the dura mater. 

The zygomatic nerve (temporomalar nerve) (fig. 882) arises in the pterygo- 
palatine fossa, enters the orbit by the inferior orbital fissure, courses along the 
lateral wall of the orbit, and divides into two branches, zygomaticotemporal 
and zygomaticofacial. 

The zygomaticotemporal branch runs along the lateral wall of the orbit in 
a groove in the zygomatic bone, receives a branch from the lacrimal nerve, 
and, passing through a canal in the zygomatic bone, enters the temporal fossa. 
It ascends between the temporal bone and the Temporalis muscle, pierces 
the temporal fascia about 2 cm. above the zygomatic arch, and is distributed 
to the skin of the side of the forehead. It communicates with the facial nerve 
and with the auriculotemporal branch of the mandibular nerve. As it pierces 
the temporal fascia, it sends a slender twig between the two layers of the 
fascia to the lateral angle of the orbit. 

The zygomaticofacial branch passes along the inferolateral angle of the 
orbit, emerges upon the face through a foramen in the zygomatic bone, and, 
perforating the Orbicularis oculi, supplies the skin on the prominence of the 
cheek. It joins the zygomatic branches of the facial nerve and the inferior 
palpebral branches of the maxillary nerve. 

The sphenopalatine branches, two in number, descend towards the spheno- 
palatine ganglion, but only a few of their fibres enter the ganglion (p. 898). 

The posterior superior alveolar branches (fig. 884) arise from the maxillary 
nerve just before it enters the infra- orbital groove ; they are generally two 
in number, but sometimes they arise by a single trunk. They descend on the 
tuberosity of the maxilla and give off several twigs to the gums and neighbouring 
parts of the mucous membrane of the cheek. They then enter the posterior 
alveolar canals on the infratemporal surface of the maxilla, and, passing forwards 
in the substance of the bone, communicate with the middle superior alveolar 
nerve, and give off branches to the lining membrane of the maxillary air-sinus 
and twigs to each molar tooth ; these twigs enter the foramina at the apices 
of the roots of the teeth. 

The middle superior alveolar branch is given off from the maxillary 
nerve in the posterior part of the infra-orbital canal, and runs downwards and 

* After it enters the infra-orbital canal, the nerve is frequently called the infra-orbital. 
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forwards in a canal in the lateral wall of the maxillary air-sinus to supply the 
two premolar teeth. It forms a superior dental plexus with the anterior 
and posterior superior alveolar branches. 

The anterior superior alveolar branch (fig. 884) leaves the lateral side of 
the maxillary nerve in the front part of the infra-orbital canal, and runs in a 
canal in the anterior wall of the maxillary air-sinus. At first it curves beneath 
the infra-orbital foramen and passes medialwards towards the nose ; it then turns 
downwards and divides into branches which supply the incisor and canine 
teeth. It communicates with the middle superior alveolar branch, and gives 
off a nasal branch , which passes through a minute canal in the lateral wall of 


Fig. 884. — The right maxillary and mandibular nerves, and the submaxillary 

ganglion. 



the inferior meatus, and supplies the mucous membrane of the anterior part 
of the inferior meatus and the floor of the nasal cavity, communicating with 
the nasal branches from the sphenopalatine ganglion. 

The * inferior palpebral branches ascend behind the Orbicularis oculi. 
They supply the skin and conjunctiva of the lower eyelid, and join with the 
facial and zygomaticofacial nerves at the lateral angle of the orbit. 

The external nasal branches supply the skin of the side of the nose 
and of the septum mobile nasi, and join with the external nasal branch of 
the anterior ethmoidal nerve. 

The superior labial branches are large and numerous ; they descend 
behind the Quadratus labii superioris, and supply the skin of the upper lip, 
the mucous membrane of the mouth, and the labial glands. They are joined 
by branches from the facial nerve, and form with them the infra-orbital 
plexus. 
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The sphenopalatine ganglion (ganglion of Meckel) (fig. 885), the largest 
of the ganglia associated with the branches of the trigeminal nerve, is deeply- 
placed in the pterygopalatine fossa, close to the sphenopalatine foramen and 
in front of the pterygoid canal. It is triangular or heart-shaped, of a reddish- 
grey colour, and is situated just below the maxillary nerve as it crosses the 
fossa. It receives sensory, parasympathetic, and sympathetic roots (fig. 886). 

Its sensory roots are derived from the two sphenopalatine branches of the 
maxillary nerve ; most of the fibres of these branches do not enter the ganglion 
but pass directly into the branches which spring from the ganglion. Its 
parasympathetic root is probably derived from the facial nerve through the 
greater superficial petrosal nerve, and its sympathetic root from the carotid 
plexus through the deep petrosal nerve ; before entering the ganglion these 
two nerves join to form the nerve of the pterygoid canal. 


Fig. 885. — The right sphenopalatine ganglion and its branches. 



The greater superficial petrosal nerve is given off from the genicular ganglion 
of the facial nerve ; it receives a branch from the tympanic plexus, passes 
through the hiatus of the facial canal, enters the cranial cavity, and runs forwards 
beneath the dura mater in a groove on the anterior surface of the petrous 
portion of the temporal bone. It then enters the cartilaginous substance 
which fills the foramen lacerum, and unites with the deep petrosal nerve to 
form the nerve of the pterygoid canal. 

The deep petrosal nerve is given off from the carotid plexus, and runs through 
the carotid canal lateral to the internal carotid artery. It then enters the 
cartilaginous substance which fills the foramen lacerum, and joins with the 
greater superficial petrosal nerve to form the nerve of the pterygoid canal. 

The nerve of the pterygoid canal (Vidian nerve), formed by the junction of 
the two preceding nerves in the cartilaginous substance which fills the foramen 
lacerum, is accompanied through the pterygoid canal by the corresponding 
artery, and is joined by a small ascending sphenoidal branch from the otic 
ganglion. Finally, it enters the pterygopalatine fossa, and joins the spheno- 
palatine ganglion. 

The branches of the sphenopalatine ganglion are divisible into four groups, 
viz. orbital, palatine, posterior superior nasal, and pharyngeal. 
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The orbital branches are two or three delicate filaments, which enter the 
orbit by the inferior orbital fissure, and are distributed to the periosteum, the 
Orbitalis muscle, and the lacrimal gland ; twigs pass through the posterior 
ethmoidal foramen to the sphenoidal and ethmoidal air-sinuses. 

The palatine nerves are distributed to the roof of the mouth, the soft palate, 
the tonsil, and the lining membrane of the nasal cavity. Most of their fibres 
are derived from the sphenopalatine branches of the maxillary nerve. They 
are three in number : anterior, middle, and posterior. 

The anterior palatine nerve descends through the pterygopalatine canal, 
emerges upon the hard palate through the greater palatine foramen, and runs 
forwards in a groove on the inferior surface of the hard palate, nearly as far 
as the incisor teeth. It supplies the gums, and the mucous membrane and glands 


Fig. 886. — A scheme shoving the roots and the branches of distribution of the 
sphenopalatine ganglion. 



of the hard palate, and communicates in front with the terminal filaments of 
the nasopalatine nerve. While in the pterygopalatine canal, it gives off 
posterior inferior nasal branches , which enter the nasal cavity through openings 
in the vertical part of the palatine bone, and ramify over the inferior nasal 
concha and middle and inferior meatuses ; at its exit from the canal, palatine 
branches are distributed to both surfaces of the soft palate. 

The middle palatine nerve descends through the pterygopalatine canal, 
emerges through one of the lesser palatine foramina and supplies branches to 
the uvula, tonsil, and soft palate. 

The posterior palatine nerve descends through the pterygopalatine canal 
and emerges through one of the lesser palatine foramina ; it supplies the uvula 
tonsil, and soft palate. The middle and posterior palatine nerves form, with the 
tonsillar branches of the glossopharyngeal nerve, a plexus around the tonsil. 

The posterior superior nasal branches enter the posterior part of the nasal 
cavity through the sphenopalatine foramen, and supply the mucous membrane 
covering the superior and middle nasal conchae, the lining of the posterior 
ethmoidal air-sinuses, and the posterior part of the nasal septum. One branch, 
longer and larger than the others, is named the nasopalatine nerve . It crosses 
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the roof of the nasal cavity below the orifice of the sphenoidal air-sinus, and then 
runs obliquely downwards and forwards between the periosteum and mucous 
membrane of the lower part of the septum. It descends to the roof of the 
mouth through the incisive canal, and communicates ’with the corresponding 
nerve of the opposite side and with the anterior palatine nerve. It furnishes 
a few filaments to the mucous membrane of the nasal septum. 

The pharyngeal nerve , a small branch, arises from the posterior part of the 
ganglion, passes through the pharyngeal canal with the pharyngeal branch of 
the internal maxillary artery, and is distributed to the mucous membrane 
of the nasal part of the pharynx, behind the auditory tube. 


The Mandibular Nerve (figs. 884, 887) 

The mandibular nerve (inferior maxillary nerve) supplies the teeth and 
gums of the mandible, the skin of the temporal region, the auricula, the lower 
lip, the lower part of the face, and the muscles of mastication ; it also supplies 
the mucous membrane of the anterior two -thirds of the tongue. It is the largest 
division of the trigeminal nerve, and is made up of two roots : a large, sensory 
root proceeding from the inferior angle of the semilunar ganglion, and emerging 
almost immediately through the foramen oyale of the sphenoidal bone, and a 
small motor root (the motor part of the trigeminal) which passes beneath the 
ganglion, and unites with the sensory root, just outside the foramen ovale. 
Immediately beyond the junction of the two roots the nerve sends off from its 
medial side the nervus spinosus and the nerve to the Pterygoideus interims, 
and then divides into a small anterior and a large posterior trunk. 

The nervus spinosus enters the skull through the foramen spinosum with 
the middle meningeal artery. It divides into two branches, anterior and 
posterior, which accompany the main divisions of the artery and supply the 
dura mater ; the posterior branch also supplies the mucous lining of the mastoid 
air-sinuses ; the anterior communicates with the meningeal branch of the 
maxillary nerve. 

The nerve to the Pterygoideus internus is a slender branch winch 
enters the deep surface of the muscle ; it gives one or two filaments to the 
otic ganglion. 

The small anterior trunk gives off (a) a sensory branch named the buccinator 
nerve, and ( h ) motor branches, viz. the masseteric, deep temporal, and external 
pterygoid nerves ; these motor branches, together with the nerve to the Ptery- 
goideus internus, are sometimes grouped under the name of the nervus masti- 
catorius. 

The buccinator nerve (long buccal nerve) passes forwards between the 
two heads of the Pterygoideus externus, and downwards beneath or through 
the lower part of the Temporalis ; it emerges from under the anterior border 
of the Masseter, and unites with the buccal branches of the facial nerve. It 
furnishes a branch to the Pterygoideus externus during its passage through 
that muscle, and may give off the anterior deep temporal nerve. The buc- 
cinator nerve supplies the skin over the anterior part of the Buccinator, and 
the mucous membrane lining its inner surface. 

The masseteric nerve passes lateralwards, above the Pterygoideus 
externus, in front of the mandibular articulation, and behind the tendon of 
the Temporalis ; it crosses the posterior part of the mandibular notch with 
the masseteric artery, ramifies in the deep surface of the Masseter, and gives 
a filament to the mandibular joint. 

The deep temporal nerves are two in number, anterior and posterior. 
They pass above the upper border of the Pterygoideus externus and enter the 
deep surface of the Temporalis. The posterior branch , of small size, is placed 
at the posterior part of the temporal fossa, and sometimes arises in common 
with the masseteric nerve. The anterior branch is frequently given off from 
the buccinator nerve, and then ascends over the upper head of the Pterygoideus 
externus. A third or intermediate branch is often present. 

The nerve to the Pterygoideus externus enters the deep surface of the 
muscle. It may arise separately from the anterior division of the mandibular 
nerve, or in conjunction with the buccinator nerve. 
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The large posterior trunk of the mandibular nerve is for the most part- 
sensory, but receives a few filaments from the motor root. It divides into 
auriculotemporal, lingual, and inferior alveolar nerves. 

The auriculotemporal nerve generally arises by two roots, which encircle 
the middle meningeal artery. It runs .backwards beneath . the Pterygoideus 
externus to the medial side of the neck of the mandible. It then turns upwards 
with the superficial temporal artery, between the auricula and condyle of the 
mandible, under cover of the parotid gland ; escaping from beneath the gland, 
it ascends over the zygomatic arch, and divides into superficial temporal 
branches. 

Fig. 887. — The right Pterygoideus ext emus and the branches of the mandibular 
nerve in relation to it. 


Auriculotemporal nerve Deep temporal nerves 



The auriculotemporal nerve communicates with the facial nerve and the 
otic ganglion. The branches to the facial nerve, usually two in number, pass 
forwards behind the neck of the mandible and join the facial nerve at the 
posterior border of the Masseter. The filaments to the otic ganglion are 
derived from the roots of the auriculotemporal nerve close to their origin. 

The branches of the auriculotemporal nerve are the anterior auricular, 
branches to the external acoustic meatus, articular, parotid, and superficial 
temporal. 

The anterior auricular branches are usually tw r o in number : they supply 
the front of the upper part of the auricula, being distributed principally to the 
skin covering the front of the helix and tragus. 

The branches to the external acoustic meatus , two in number, supply the skin 
lining the meatus, which they enter between its bony and cartilaginous portions ; 
the upper one sends a filament to the tympanic membrane. 

The articular branches consist of one or two twigs which enter the posterior 
part of the mandibular joint. 
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The parotid branches supply the parotid gland. 

The superficial temporal branches accompany the superficial temporal artery 
and its terminal branches ; they supply the skin of the temporal region and 
communicate with the facial and zygomaticotemporal nerves. 

The lingual nerve lies at first beneath the Pterygoideus externus, medial 
to and in front of the inferior alveolar nerve, to which it is often joined by 
a branch which may cross the internal maxillary artery. The chorda tympani 
branch of the facial nerve also joins it at an acute angle in this situation. 
The nerve then runs between the Pterygoideus internus and the ramus of the 
mandible, and passes obliquely to the side of the tongue over the Constrictor 
pharyngis superior and Styloglossus, and then between the Hyoglossus and 
deep part of the submaxillary gland ; it finally runs across the duct of the 
submaxillary gland, and along the tongue to its tip, lying immediately beneath 
the mucous membrane. 


Pig. 888. — The right otic ganglion and its branches. 



In addition to receiving the chorda tympani and the branch from the inferior 
alveolar nerve, already referred to, the lingual nerve sends two or three 
branches to the submaxillary ganglion, and, at the anterior margin of the 
Hyoglossus muscle, forms two or three loops of communication with twigs of 
the hypoglossal nerve. 

The branches of the lingual nerve supply the sublingual gland, the mucous 
membrane of the mouth, the gums, and the mucous membrane of the anterior 
two -thirds of the tongue ; the terminal filaments join, at the tip of the tongue, 
with those of the hypoglossal nerve. 

The inferior alveolar nerve (inferior dental nerve) is the largest branch 
of the mandibular nerve. It descends with the inferior alveolar artery, at first 
beneath the Pterygoideus externus, and then between the sphenomandibular 
ligament and the ramus of the mandible to the mandibular foramen. Here it 
enters the mandibular canal, and runs below- the teeth as far as the mental 
foramen, where it divides into an incisive and a mental branch. 

The branches of the inferior alveolar nerve are the mylohyoid, dental, 
incisive, and mental. 

The mylohyoid nerve is derived from the inferior alveolar nerve just before 
the latter enters the mandibular foramen. It descends in a groove on the 
medial surface of the ramus of the mandible, and reaching the un der surface 
of the Mylohyoideus supplies this muscle and the anterior belly of the 
Digastricus. 
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of the fibres, instead of following the long pathway, are relayed to the thalamus by shorter 
neurons. From the thalamus new fibres arise and convey the impulses to the cerebral 
cortex behind the central sulcus. 

It will be observed that in most cases there are three cell-stations interposed in the 
course of the sensory impulses ; for clinical purposes, therefore, three groups of neurons 
are recognised : (1) the lowest sensory neurons which comprise the cells of the posterior 
root ganglia, and their peripheral and central processes ; (2) ’the intermediate sensory 
neurons between these and the thalamus ; and (3) the highest sensory neurons which 
are the cells of the thalamus and the fibres passing from them to the cerebral cortex. 


• The Cerebellar Systems. 

The cerebellum acts as a great coordinating centre for the muscles of the body generally, 
so that impulses reach it from all the sensory centres of the rest of the brain and of the 
medulla spinalis, while impulses are conveyed from it to other coordinating and motor 
nuclei in the cerebrospinal axis. Only the larger tracts can be summarised here. 

Afferent tracts. — A considerable number of afferent impulses reach the cerebellum 
by way of the medulla spinalis through the fibres of the posterior nerve roots. In the 
medulla spinalis there are three main pathways. The entering fibres may end around the 
cells of the dorsal nucleus ; the fibres from these cells form the direct cerebellar tract 
(posterior spino-cerebellar fasciculus) of the same side, and are carried up to the medulla 
oblongata where they enter the restiform body and are conveyed to the cortex of the 
vermis of the cerebellum. A second group of entering fibres arborise around the cells 
of the posterior grey column of the medulla spinalis ; of the fibres of these cells some 
cross to the opposite side while others pass up the same side, in each instance forming an 
anterior spinocerebellar tract which traverses the medulla spinalis in the superficial antero- 
lateral tract, rims through the medulla oblongata and pons, and then turns in to reach the 
cerebellar cortex by way of the brachium conjunctivum. The third group of entering 
fibres runs up in the fasciculus gracilis and fasciculus cuneatus, and ends in the nucleus 
gracilis and nucleus cuneatus ; the fibres arising from the cells of these nuclei pass in the 
restiform body to reach the cerebellar cortex. , 

Two important afferent tracts to the cerebellum run from the brain-stem, viz. the 
vestibulocerebellar and the tectocerebellar. The vestibulocerebellar tract arises from 
the vestibular nuclei in the floor of the fourth ventricle, and runs up in the restiform body 
to the cerebellar cortex. The tectocerebellar tract has its origin in the cells of the superior 
and inferior colliculi and enters the cerebellum through the brachium conjunctivum. 

Of the remaining afferent fibres to the cerebellum the most important group is that 
of the cerebro-ponto-cerebellar tracts. These fibres arise from cells of the cerebral cortex, 
travel downwards through the internal capsule and cerebral peduncle, and end by arborising 
round the cells of the nuclei pontis. New fibres arise from the cells of these nuclei, cross 
the middle line, pass through the brachium pontis, and end in the cerebellar cortex. 

Efferent tracts.— The efferent tracts from the cerebellum originate from cells of 
the cortex and run to arborise around cells of the cerebellar nuclei ; no fibres pass directly 
from the cerebellar cortex to the rest of the brain or to the medulla spinalis. Several 
small groups of fibres arising from the cerebellar nuclei run to various nuclei in the cerebro- 
spinal axis, but the chief efferent tract is that which forms the greater part of the brachium 
conjunctivum, crosses the middle line, and runs mainly to the red nucleus, giving some 
fibres to the thalamus. From the red nucleus the rubrospinal tract arises, crosses to the 
opposite side, and travels down in the pons and medulla oblongata to the lateral funiculus 
of the spinal medulla, where it ultimately ends around the motor cells in the anterior grey 
column. 

* Two other efferent tracts may be mentioned ; fibres from the cerebellar nuclei run to 
the vestibular nuclei and to the inferior olivary nuclei ; from these in turn are derived 
the vestibulospinal and olivospinal tracts of the opposite side of the medulla spinalis. 

Applied Anatomy . — The chief symptoms of diseases of the brain and medulla spinalis 
depend upon the particular systems of neurons picked out for attack, and some of them 
may be briefly summarised as follows. Motor paralysis of the spastic type, with rigidity 
of the muscles and increased reflexes, follows destruction of the upper motor neurons; 
flaccid paralysis, with loss of the reflexes and rapid muscular atrophy, follows destruction 
of the lower motor neurons. Sensory paralysis follows injury to any part of the sensory 
path; in tabes it is due to injury of the lowest sensory neurons, in hemiplegia to destruc- 
tion of the highest sensory axon as it traverses the occipital part of the internal capsule. 
Dissociation of sensations , or the loss of some forms of sensation while others remain 
unimpaired, is seen in a number of conditions such as tabes and syringomyelia; it shows 
that the paths through which various forms of sensation travel to the brain are different. 
Abnormalities of reflex actions are of very great help in the diagnosis of nervous com- 
plaints. The numerous superficial or skin reflexes (e.g. the scapular, irritation of the 
skin over the scapula produces contraction of the scapular muscles; the abdominal, 
stroking the abdomen causes its retraction; the cremasteric, stroking the inner side of 
the thigh causes retraction of the testis on that side; the plantar, tickling the sole of the 
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Eig. SS9. — A scheme showing the roots and the branches of distribution of the 

otic ganglion. 



Fig. 890.— A scheme showing the roots and the branches of distribution of the 
submaxillary ganglion. 
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in severe cases pain may ^ radiate over the branches of the other main divisions. The 
commonest example of this condition is the neuralgia which is so often associated with 
dental caries — here, although the tooth itself may not appear to be painful, the most 
distressing referred pains may be experienced, and these are at once relieved by treatment 
directed to the affected tooth. 

Many other examples of trigeminal reflexes could be quoted, but it will be sufficient 
to mention the more common ones. In the area of the ophthalmic nerve, severe supra- 
orbital pain is commonly associated with acute glaucoma or with disease of the frontal 
or ethmoidal air-sinuses. Malignant growths or empyema of the maxillary antrum, or 
unhealthy conditions about the inferior conchae or the septum of the nose, are often found 
giving rise to 4 second division 5 neuralgia, and should be always looked for in the absence 
of dental disease in the maxilla. It is on the mandibular nerve, however, that some of 
the most striking reflexes are seen. It is quite common to meet with patients who complain 
of pain in the ear, in whom there is no sign of aural disease and the cause is usually to be 


Fia. 891. — A diagram showing the cutaneous nerve-areas of the face and scalp. 



found in a carious tooth in the mandible. Moreover, with an ulcer or cancer of the tongue, 
often the first pain to be experienced is one which radiates to the ear and temporal fossa, 
over the distribution of the auriculotemporal nerve. 

The trigeminal nerve is often the seat of severe neuralgia for which no local cause can 
he discovered ; each of the three divisions has been divided, or a portion of nerve excised 
for this affection, usually, however, with only temporary relief. The supra-orbital nerve 
may be exposed by making an incision 4: cm. in length along the supra-orbital margin, below 
the eyebrow which is to be drawn upwards, the centre of the incision corresponding to 
the supra-orbital notch. The skin and Orbicularis oculi having been divided, the nerve 
can be easily found emerging from the notch, and lying in some loose cellular tissue. 

The infra-orbital nerve has been divided at its exit by an incision on the cheek ; or 
the infra-orbital canal can he injected with absolute alcohol ; or the whole nerve, together 
with the sphenopalatine ganglion as far back as the foramen rotundum, may be removed, 
but even then a return of the neuralgia in some other branches of the trigeminal nerve is 
the rule. Intracranial resection of the maxillary nerve between the semilunar ganglion 
and the foramen rotundum is an anatomical possibility. 

The inferior alveolar nerve can be reached by a transverse incision over the ramus of 
the mandible placed so as to avoid injury to the facial nerve ; the Masseter having been 
divided, a small trephine is applied to the ramus immediately beneath the mandibular 
notch, and, when the bone has been removed, the nerve is found lying on the Pterygoideus 
internus just as it enters the mandibular foramen, and it can here be resected. 

The lingual nerve is occasionally divided with the view of relieving the pain in cancerous 
disease of the tongue. This may be done in that part of its course where it lies below and 

G.A. 2 F‘2 
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behind the last molar tooth. If a line be drawn from the middle of the crown of the last 
molar tooth to the angle of the mandible it will cross the nerve, which lies about 1*25 cm. 
behind the tooth, parallel to the bulging alveolar ridge on the inner side of the body of 
the bone. The tongue should be pulled forwards and over to the opposite side, when the 
nerve can be seen standing out as a firm cord under the mucous membrane by the side of 
the tongue, and after division of the mucous membrane can be easily seized with a hook 
and a portion excised. This is a simple enough operation on the cadaver, but when the 
disease is extensive and has extended to the floor of the mouth, as is generally the case 
when the division is required, the operation is not practicable. 

In severe cases of neuralgia of the trigeminal nerve, the trunks of the maxillary and 
mandibular nerves may be injected with alcohol ; if this treatment fails the semilunar 
ganglion may be removed in whole or in part. Rose was the first to perform this operation ; 
and he reached the ganglion by trephining the base of the skull in the position of the foramen 
ovale, after dividing the zygomatic arch, in front and behind, and turning it and the Masseter 
downwards, and cutting through the coronoid process of the mandible,- and turning it and 
the Temporalis upwards. A more efficient method appears to be that known as the Krause- 
Hartley method. The bone forming the temporal fossa having been removed to a sufficient 
extent, the dura mater beneath, the temporal lobe of the brain is gradually raised from the 
middle fossa, until the foramen spinosum, with the middle meningeal artery passing through 
it, is exposed. This vessel is to he ligatured in two places, and divided between the liga- 
tures ; and then by further raising the dura mater, the foramina ovale and rotundum 
will be exposed, with the mandibular and maxillary nerves passing through them. These 
nerves are to be clearly defined and divided. The dura mater is then to be raised from 
the ganglion, when the ophthalmic nerve will be exposed and can be divided, and the 
ganglion, by means of a little careful dissection, raised from its bed and removed. In 
some cases v r here the neuralgia has been limited to the maxillary nerve an intracranial 
resection of that nerve alone has been performed with great success. In other cases where 
the disease has not affected the ophthalmic division, resection of the lateral half of the 
ganglion only, with the maxillary and mandibular nerves, has been performed, thus leaving 
the sensory nerve supply to the cornea intact. The motor root is usually resected with 
the mandibular nerve, leading to complete paralysis of the muscles of mastication on that 
side. 


The Abducent Nerve (fig. 882) 

The abducent nerve supplies the Rectus lateralis oculi. 

Its fibres arise from a small nucleus which is situated in the upper part 
of the rhomboid fossa, close to the middle line and beneath the colliculus 
facialis. They pass downwards and forwards through the pons, and emerge 
in the furrow betw-een the lower border of the pons and the upper end of the 
pyramid of the medulla oblongata. 

From the nucleus of the abducent nerve, fibres pass through the medial 
longitudinal fasciculus to the oculomotor nerve of the opposite side, along 
which they are carried to the Rectus medialis. The Rectus lateralis of one 
eye and the Rectus medialis of the other may therefore be said to receive 
their nerves from the same nucleus (fig. 892). 

The abducent nerve runs forwards and lateralwards in the cisterna pontis, 
in contact with the under surface of the pons, and usually dorsal to the anterior 
inferior cerebellar artery. It pierces the dura mater on the lateral part of the 
dorsum sellse of the sphenoidal hone, and lies in a notch on the edge of this 
part of the hone. It next traverses the cavernous sinus, lying to the lateral 
side of the internal carotid artery, and runs into the orbital cavity through 
the medial end of the superior orbital fissure. It passes within the annulus 
tendineus from which the Recti muscles of the eyeballarise, beneath the oculo- 
motor and nasociliary nerves, and finally enters the ocular surface of the 
Rectus lateralis. 

In the cavernous sinus the abducent nerve is joined by several filaments 
from the carotid and cavernous plexuses, and by one from the ophthalmic 
nerve. 

The oculomotor, trochlear, ophthalmic, and abducent nerves bear certain 
relations to each other in the cavernous sinus, at the superior orbital fissure, 
and in the cavity of the orbit, as follows. 

In the cavernous sinus (fig. 893), the oculomotor, trochlear, and ophthalmic 
nerves are placed in the lateral wall of the sinus, in the order given, from 
above downwards ; the abducent nerve lies at the lateral side of the internal 
carotid artery. As these nerves pass forwards to the superior orbital fissure, 
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the oculomotor and ophthalmic nerves divide into branches, and the abducent 
nerve approaches the others ; so that their relative positions are considerably 
changed. 

In the superior orbital fissure (fig. 894), the trochlear nerve and the frontal 
and lacrimal divisions of the ophthalmic nerve lie in this order from the medial 

Fig. 892. A diagram showing the Fig. 893. — An oblique section through the left 
mode of innervation of the Rec- cavernous sinus. Posterior aspect, 

tus medialis et Rectus lateralis 
of the eye (after Duval and 
Laborde). (Testut.) 


Oculomotor nerv 
Trochlear nerv 

Ophthalmic nerv 
Abducent nerv 

Maxillary nerv 


to the lateral side upon the same plane ; they 
enter the cavity of the orbit above the 
muscles. The remaining nerves enter the 
orbit within the annulus tendineus from which 
the Recti muscles of the eyeball take origin. 
The superior division of the oculomotor nerve 
is the highest of these ; beneath this lies the 
nasociliary branch of the ophthalmic nerve ; 
then the inferior division of the oculomotor 
nerve ; and the abducent nerve lowest of all. 

In the orbit (fig. 881) the trochlear, 
frontal, and lacrimal nerves lie immediately 
beneath the periosteum, the trochlear nerve 
resting on the Obliquus superior, the frontal 

aectus ef< iateraiia U ' t ^ectus^Siaui: on the Levator palpebras superioris, and the 
3. Rhomboid fossa. 4. Nucleus of abducent lacrimal on the Rectus lateralis. The superior 

6. Abducent nerve. 7. Nerve to Rectus division ot the oculomotor nerve lies im- 

mediately beneath the Rectus' superior, while 
Rectus medialis arising from the nucleus the nasociliary nerve crosses the optic nerve 

8? Decussation 0 ^ of' the fibres of Se^ducrat to reach the medial wall of the orbit, 
nerve to the Rectus medialis. Beneath these is the optic nerve, surrounded 

anteriorly by the ciliary nerves, and having 
the ciliary ganglion on its lateral side between it and the Rectus lateralis. 
Below the optic nerve are the inferior division of the oculomotor nerve, and 
the abducent nerve, the latter lying on the medial surface of the Rectus 
lateralis. 

Applied Anatomy . — The abducent nerve is frequently involved in fractures of the base 
of the skull. The result of paralysis of this nerve is medial or convergent squint. Dip- 
lopia is also present. When injured so that its function is destroyed, there is, in addition 
to the paralysis of the Rectus lateralis oculi, often a certain amount of contraction of the 
pupil, because some of the sympathetic fibres to the Dilatator pupillge muscle are con- 
veyed through this nerve. 

The Facial Nerve (figs. 895. 897) 

The facial nerve consists of a motor and a sensory part, the latter being 
frequently described under the name of the nervus intermedins of Wrisberg 
(fig. 798). The two parts appear at the lower border of the pons in the recess 
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between the olive and the restiform body, the motor part being the more 
medial ; immediately to the lateral side of the sensory part is the acoustic 
nerve. 

The motor part supplies the muscles of the face, scalp, and auricula, the 
Buccinator, Platysma, Stapedius, Stylohvoideus, and posterior belly of the 
Digastricus ; it also contains some fibres which constitute the vasodilator 
and secretory nerves of the submaxillary and sublingual glands, and are con- 
veyed to these glands through the chorda tympani nerve. The sensory part 
conveys from the chorda tympani nerve the fibres of taste for the anterior 
two -thirds of the tongue. 


Fig. 894 . — A dissection showing the origins of the right ocular muscles, and the 
nerves entering the orbit through the superior orbital fissure. 


Frontal nerve 

& 'up. ramus of oculomotor nerve 
Sup. orbital fissure 
Lacrimal nerve 


Levator palpebrce superioris 

Nasociliary nerve 
I Trochlear nerve 
j Trochlea 


Abducent nerve 

Inf. ramus of oculomotor 
nerve 



Inf. orbital 
fissure 


Optic foramen 


The motor root arises from a nucleus which lies deeply in the reticular 
formation of the lower part of the pons. This nucleus is situated above the 
nucleus ambiguus, behind the superior olivary nucleus, and medial to the 
spinal tract of the trigeminal nerve. From this origin the fibres pursue a 
curved course in the substance of the pons. They first pass backwards and 
mediahvards, and, reaching the posterior end of the nucleus of the abducent 
nerve, run upwards close to the middle line beneath the colliculus facialis. 
At the anterior end of the nucleus of the abducent nerve they make a second 
bend, and run downwards and forwards through the pons to their point of 
emergence between the olive and the restiform body (figs. 798, 809). 

Some fibres from the nucleus of the oculomotor nerve are said to descend 

in the medial longitudinal fasciculus and join the motor root of the facial 

nerve before.it leaves the pons. These fibres are said to supply the Orbicularis^ 
oculi, Corrugator, and Frontalis, since these muscles have been observed to ^ 
escape paralysis in lesions of the motor nucleus of the facial nerve.* J 

The sensory root arises from the genicular ganglion, which is situated on 
the geniculum of the facial nerve in the facial canal of the temporal bone. The 
cells of this ganglion are unipolar, and their single processes divide in a T -shaped 
manner into central and peripheral branches. The central branches leave the 
trunk of the facial nerve in the internal acoustic meatus, and form the sensory 
root of the nerve ; the peripheral branches are continued into the chorda tympani 
and greater superficial petrosal nerves. Entering the brain at the lower border 

* See footnote, p. 828. 
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of the pons, between the motor root and the acoustic nerve, the fibres of the 
sensory root of the facial nerve pass into the substance of the medulla oblongata 
and end in the upper part of the terminal nucleus of the glossopharyngeal nerve 
and in the nerve-cells of the fasciculus solitarius (nucleus tractus solitarii). 


Fig. S95. — A plan of the facial nerve. The course of the sensory fibres is 
represented by the blue lines. 



From their attachments to the brain, the two roots of the facial nerve pass 
lateralwards and forwards with the acoustic nerve to the opening of the internal 
acoustic meatus. In the meatus the motor root lies in a groove on the upper 
and anterior surface of the acoustic nerve, the sensory root being placed between 
them. 


Fig. 896.— The course and connexions of the facial nerve in the temporal bone. 



At the bottom of the meatus, the facial nerve enters the facial canal, which 
it traverses to its termination at the stylomastoid foramen. In this canal the 
nerve runs at first lateralwards over the vestibule, and reaching the. medial wall 
of th ft Apit ym pa,r> i o. -re cess , bends suddenly backwards and arches downwards 
behind the tympanic cavity to the stylomastoid foramen. The point where 
it bends suddenly backwards is named the geniculum ; it presents a reddish 
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gangliform swelling, the genicular ganglion , or nucleus of the sensory root of 
the nerve (fig. 896). On emerging from the stylomastoid foramen, the facial 
nerve runs forwards in the substance of the parotid gland, crosses the styloid 
process and the external carotid artery, and divides behind the ramus of the 
mandible into branches which form a network {parotid plexus) and are distributed 
to the superficial muscles on the side of the head, face, and upper part of the 
neck. 

The branches of communication of the facial nerve may be arranged as follows : 

In the internal acoustic 

meatus .... With the acoustic nerve. 


At the genicular ganglion 


'With sphenopalatine ganglion by the 
greater superficial petrosal nerve.. 

With the otic ganglion by a branch which 
joins the lesser superficial petrosal nerve. 
With the sympathetic plexus on the middle 


In the facial canal 
At its exit from the 
mastoid foramen 


l meningeal artery. 

With the auricular branch of the vagus nerve. 
/With the glossopharyngeal, vagus, great 
\ auricular, and auriculotemporal nerves. 


Behind the ear 
On the face . 
In the neck . 


With the lesser occipital nerve. 
With the trigeminal nerve. 

With the cutaneous cervical nerve. 


In the internal acoustic meatus some minute filaments pass from theYacial 
nerve to the acoustic nerve. 

The greater superficial petrosal nerve arises from the genicular ganglion of 
the facial nerve, and consists chiefly of sensory branches which are distributed 
to the mucous membrane of the soft palate ; but it probably contains a few 
fibres which form the parasympathetic root of the sphenopalatine ganglion. It 
receives a twig from the tympanic plexus, passes forwards through the hiatus 
of the facial canal, and runs in a sulcus on the anterior surface of the petrous 
portion of the temporal bone beneath the semilunar ganglion, to the foramen 
lacerum. In this foramen it is joined by the deep petrosal nerve from the 
sympathetic plexus on the internal carotid artery, to form the nerve of the 
pterygoid canal which passes forwards through the pterygoid canal and ends 
in the sphenopalatine ganglion. Erom the genicular ganglion of the facial 
nerve a branch runs to join the small superficial petrosal nerve, and is con- 
veyed through this nerve to the otic ganglion. The sympathetic plexus on 
the middle meningeal artery is joined to the genicular ganglion by the external 
petrosal nerve. According to Arnold, a twig passes back from the genicular 
ganglion to the acoustic nerve. 

Before the facial nerve emerges from the stylomastoid foramen, it receives 
a twig from the auricular branch of the vagus. 

After its exit from the stylomastoid foramen, the facial nerve receives a 
twig from the glossopharyngeal nerve, and communicates with the great 
auricular and auriculotemporal nerves in the parotid gland, with the lesser 
occipital nerve behind the ear, with the terminal branches of the trigeminal 
nerve on the face, and with the cutaneous cervical nerve in the neck. 

The branches of distribution (figs. 895, 897) of the facial nerve may be grouped 
as follows : 

Within the facial canal . ] Nerve to the Stapedius muscle. 

[ Chorda tympani. 

At its exit from the stylo- f £? ste ™ r auricular, 

mastoid foramen . \£ff 0 hyoid 

'Temporal. 

Zygomatic. 

On the face i Buccal. 

Mandibular. 

, Cervical. 


The nerve to the Stapedius arises from the facial nerve opposite the 
pyramidal eminence on the posterior wall of the tympanic cavity; it passes 
forwards through a small canal to reach the muscle. 
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The chorda tympani nerve is given off from the facial nerve about 6 mm. 
above the stylomastoid foramen. It runs upwards and forwards in a canal, and. 
enters the tympanic cavity through an aperture {iter chordae poster ins) on its 
posterior wall, close to the posterior border of the medial surface of the tympanic 
membrane and on a level with the upper end of the manubrium of the malleus. 
It traverses the tympanic cavity, between the fibrous and mucous layers of the 
tympanic membrane, crosses the manubrium of the malleus, and leaves the 
cavity through a channel situated at the inner end of the petrotympanic fissure, 


Fig. 897. — The nerves of the right side of the scalp, face, and neck. 



and named the iter chordae anterius or canal of Huguier . The nerve now runs 
downwards and forwards between the Pterygoidei externus et interims on the 
medial surface of the spina angularis of the sphenoid (which it sometimes grooves) 
and on the medial surface of the Pterygoideus externus, where it joins, at an 
acute angle, the posterior border of the lingual nerve. It contains a few etterent 
fibres which enter the submaxillary ganglion, and through the latter are distri- 
buted to the submaxillary and sublingual glands ; th^majorityi 
afferent, and are continued onwards through the muscular substance of the tongue 
to the mucous membrane covering its anterior two-thirds ; they constitute the 
nerve of taste for this portion of the tongue. Before uniting with the lingual 
nerve the chorda tympani is joined by a small branch from the otic ganglion. 

The posterior auricular nerve arises close to the stylomastoid foramen 
and runs upwards in front of the mastoid process ; here it is joined by a filament 
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from the auricular branch of the vagus nerve, and communicates with the 
posterior branch of the great auricular nerve, and with the lesser occipital nerve. 
As it ascends between the external acoustic meatus and mastoid process it 
divides into an auricular and an occipital branch. The auricular branch supplies 
the Auricularis posterior and the intrinsic muscles on the cranial surface of the 
auricula (pinna). The occipital branch , the larger, passes backwards along 
the superior nuchal line of the occipital bone, and supplies the Occipitalis. 

The digastric branch arises close to the stylomastoid foramen, and divides 
into several filaments which supply the posterior belly of the Digastricus ; one 
of these filaments joins the glossopharyngeal nerve. 

The stylohyoid branch frequently arises in conjunction with the digastric 
branch ; it is long and slender, and enters the Stylohyoideus about its middle. 

The temporal branches cross the zygomatic arch to the temporal region. 
They supply the Auricularis anterior and Auricularis superior, and join with 
the zygomaticotemporal branch of the maxillary nerve, and with the auriculo- 
temporal branch of the mandibular nerve. The more anterior branches supply 
the Frontalis, the Orbicularis oculi, and the Corrugator, and join the supra- 
orbital and lacrimal branches of the ophthalmic nerve. 

The zygomatic branches run across the zygomatic bone to the lateral 
angle of the orbit ; they supply the Orbicularis oculi, and join with filaments 
of the lacrimal nerve and the zygomaticofacial branch of the maxillary nerve. 

The buccal branches pass horizontally forwards to be distributed below 
the orbit and around the mouth. The superficial branches run between the 
skin and the superficial muscles of the face, and supply the latter ; some 
are distributed to the Procerus, joining at the medial angle of the orbit 
with the infratrochlear and external nasal nerves. The deep branches pass 
beneath the Zygomaticus and the Quadratus labii superioris, supplying them 
and forming an infra-orbital plexus with the superior labial branches of the 
infra-orbital nerve ; these branches also supply the small muscles of the nose. 
The lower deep branches supply the Buccinator and Orbicularis oris, and 
join with filaments of the buccinator branch of the mandibular nerve. 

The mandibular branch (ramus marginalis mandibulae) passes forwards 
beneath the Platysma and Triangularis, near the lower border of the body of 
the mandible; it supplies the muscles of the lower lip and chin, and joins 
the mental branch of the inferior alveolar nerve. 

The cervical branch (ramus colli) issues from the lower part of the parotid 
gland, runs forwards below the angle of the mandible and under cover of the 
Platysma to the front of the neck. It supplies the Platysma and communicates 
with the cutaneous cervical nerve. 


Applied Anatomy . — Facial palsy is commonly unilateral, and may be either : (1) peri- 
pheral , from lesion of the facial nerve ; (2) nuclear, from destruction of the facial nucleus ; 
or (3) central , cerebral, or supranuclear, from injury in the brain to the fibres passing 
from the cortex through the internal capsule to the facial nucleus, or from injury to the 
face-area of the motor cortex itself. In supranuclear. facial paralysis, which is usually 
part of a hemiplegia, it is the leaver part of the face that is chiefly affected, while the 
forehead ecu be freely wrinkled on the palsied side, the eye can be closed fairly well, and 
the eyebaii is not rolied up under the upper lid; emotional movements of the face are 
much better executed than voluntary ; and the electrical reactions of the muscles on the 
affected side are not altered. If the paralysis is due to lesion of the facial nucleus, the 
Orbicularis oris escapes, as the nuclear origin of the nerve to this muscle seems to be con- 
nected with that of the tongue-nerves ; otherwise the symptoms are identical with those 
of the common peripheral -facial palsy, of which several types may be distinguished 
according to the point in its course at which the facial nerve is injured. If the lesion 
occurs (a) in the pons, facial paralysis is produced as in ( d ) below; taste and hearing are 
not affected, but the abducent nerve also will be paralysed because the fibres of the facial 
nerve loop round its nucleus in the pons. When the nerve is paralysed ( b ) in the petrous 
bone , in addition to the paralysis of the muscles of expression, there is loss of taste in the 
anterior part of the tongue, and the patient is unable, from involvement of the chorda 
tympani, to recognise the difference between bitters and sweets, acids and salines. The 
mouth is dry, because the salivary glands are not secreting; and the sense of hearing is 
affected from paralysis of the Stapedius. When the cause of the paralysis is (c) fracture 
of the base of the skull, the acoustic and petrosal nerves are usually involved. But by 
far the commonest cause of facial palsy is ( d ) exposure of the nerve to cold or injury at or 
after its exit from the stylomastoid foramen (Bell’s paralysis). In these cases the face 
looks asymmetrical even when at rest, and more so in the old than in the young. The 
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affected side of the face and forehead remains motionless when voluntary or emotional 
movement is attempted- The lines on the forehead are smoothed out, the eye can be 
shut only. by hand, tears. fail to enter the lacrimal puncta because they are no longer in 
contact with the conjunctiva, the conjunctival reflex is absent, and efforts to close the eye 
merely cause the eyeball to roll upwards until the cornea lies under the upper lid. The 
tip of the nose is drawn over tow T ards the sound side; the nasolabial fold is partially 
obliterated on the affected side, and the ala nasi does not move properly on respiration. 
The bps remain in contact on the paralysed side, and cannot be put together for whistling; 
when, a smi'.o is aitcmpn-.i the angle of the mouth is drawn up on the unaffected side; on 
the am-co.-d side ihe ;:ps remain nearly closed, and the mouth assumes a characteristic 
triangular form. During mastication food accumulates in the cheek, from paralysis of 
the Buccinator, and dribbles or is pushed out from between the paralysed lips. On pro- 
trusion the tongue seems to be thrust over towards the palsied side, but verification of its 
position by reference to the incisor teeth will show that this is not really so. The Platysma 
and the. muscles of the auricula are paralysed; in severe cases the articulation of labials 
is impaired. The electrical reactions of the affected muscles are altered (reaction of 
degeneration), and the degree, to which this alteration has taken place after a week or 
ten days gives a valuable guide to the prognosis. Most cases of Bell’s palsv recover 
completely. 

The facial nerve is at fault in cases of so-called ‘ histrionic sj>asm,’ which consists in 
an almost constant and uncontrollable Witching of some or all of the muscles of the face. 
This twitching is sometimes so severe as to cause great discomfort and annoyance to the 
patient, and to interfere with sleep, and for its relief the facial nerve has been stretched. 
The operation is performed by making an incision behind the ear, from the root of the 
mastoid process to the angle of the mandible. The parotid is turned forwards and the 
dissection carried along the anterior border of the Sternocleidomastoid eus and mastoid 
process, until the upper border of the posterior belly of the Digastricus is found. The 
nerve is parallel to this on about the level of the middle of the mastoid process. When 
found, the nerve must be stretched by passing a blunt hook beneath it and pulling it 
forwards and outwards. Too great force must not be used, for fear of permanent injury 
to the nerve. 


The Acoustic Nebve 


The acoustic nerve appears in the groove between the pons and medulla 
oblongata behind the facial nerve and in front of the restiform body ; it is 
distributed to the internal 


ear. It consists of two sets 
of fibres, which, although 
differing in their central 
connexions, are both con- 
cerned in the transmission 
of afferent impulses from the 
internal ear to the medulla 
oblongata and pons, and 
from there, by means of 
fibres which arise from col- 
lections of grey' substance 
in these structures, to the 
cerebrum and cerebellum. 
One set of fibres forms the 
vestibular nerve, and arises 
from the cells of the vesti- 
bular ganglion situated in 
the bottom of the internal 
acoustic meatus ; the other 
set constitutes the cochlear 
nerve, and takes origin from 
the cells of the spiral gan- 
glion of the cochlea. Both 
ganglia consist of bipolar 
nerve- cells, and from each 
cell a central fibre passes to 
the brain, and a peripheral 
fibre to the internal ear. 


Fig. 898. — The terminal nuclei of the vestibular 
nerve. Schematic. (Testut.) 



1. Cochlear nerve. 2. Accessory cochlear nucleus. 8. Lateral 
cochlear nucleus. 4. Vestibular nerve. 5. Medial or chief vesti- 
bular nucleus. 6. Nucleus of Deitcrs. 7. Nucleus of Bechterew. 
*8. Descending fibres of vestibular nerve. 9. Fibres passing to 
cerebellum. 10. Fibres going to raphe. 11. Fibres taking an 
oblique course. 12. Lemniscus. 13. Spinal tract of trigeminal. 
14. Cerebrospinal fasciculus. 15. Raphe. 16. Fourth ventricle. 
17. Eestiform body. 18. Origin of striae medullares. 


Vestibular nerve (fig. 898). — The fibres of the vestibular nerve enter the 
brain medial to, and on a higher level than, those of the cochlear nerve. They 
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pass backwards through the pons between the restiform body and the spinal 
tract of the trigeminal nerve and divide into ascending and descending branches 
which mostly end in the vestibular nuclei. These nuclei consist of : (1) The 
medial or chief vestibular nucleus , situated in the area acustica of the rhomboid 
fossa, and crossed dorsally by the striae medullares (striae acusticae) : this nucleus 
is triangular on transverse section, and its lower pat constitutes (2) the 
descending or spinal vestibular nucleus. (3) The lateral vestibular nucleus (nucleus 
of Deiters), and. (4) the superior vestibular nucleus (nucleus of Bechterew) lie close 
to the restiform body, and the former contains large mutipolar cells. Some of 
the ascending fibres of the vestibular nerve end in the vestibular nuclei, but 
others pass directly to the roof nucleus (nucleus fastigii) and cortex of the 
opposite side of the cerebellum, and are accompanied by fibres which originate 
in the cells of the vestibular nuclei. From the cells of the vestibular nuclei 


Fig. 899. — The terminal nuclei of the cochlear nerve. Schematic. (Testut.) 



The vestibular nerve with its terminal nuclei and their efferent fibres have been ?unnrp??rd. On 
the other hand, in order not to obscure the trapezoid body, the efferent fibres of ■ i i- ■ ■ 1 <‘rn:iiij.l nui-V-i 
on the right side have been resected in a considerable norOn of tV ? r extent. The trnrezoid body, 
therefore, shows only one-half of its fibres, viz. those which fom- f-oi-.i ?!ie . 

1. Vestibular nerve, divided at its entrance int" she n*.-.: ■ 2 . Cochlear nerve. 

3. Ventral or accessory cochlear miehm?. 4. Lateral •:■<>< hlear r\u l us. J-ifor n; i'h ivs of accessory 
cochlear nucleus, fi. Lfvrenr lih vs -i la* era ! c-.c.uli-a- r u>\ i-. forming ihe ju^iullares. with 6', 
their dire f: i.*:::. io ; !*■: super: >r< ! i \ ry mvl-is jli«: sarue : <>", • lu-Sr d-.-cu-.-wiii': bundles 

r oiivary nucleus. 8. Trapezoid 
11. Raphe. 12. Cerehro- 


fibres ascend in the medial longitudinal fasciculus and end in the nuclei of the 
oculomotor, trochlear and abducent nerves. The descending branches of the 
vestibular nerve end around the cells of the medial and spinal nuclei and con- 
stitute the spinal root of the nerve. An important strand of descending fibres, 
the vestibulospinal fasciculus, springs from the cells of Deiters’ nucleus and 
runs downwards in the anterior funiculus of the medulla spinalis (p. 794). 

Cochlear nerve (fig. 899).— The cochlear nerve is placed lateral to the vesti- 
bular nerve. Its fibres end in two nuclei : one, the ventral or accessory cochlear 
nucleus , lies on the ventral surface of the restiform body ; the other, the lateral 
cochlear nucleus , lies on the lateral surface of the restiform body. 

The cells of the accessory cochlear nucleus give origin to fibres which run 
transversely in the pons and constitute the trapezoid body ; some of these 
fibres end around the cells of the superior olivary nucleus or of the trapezoid 
nucleus of the same or opposite side, but most of them ascend on the lateral 
side of the superior olivary nucleus under the name of the lateral lemniscus . 
The striae medullares (striae acusticae) are the axons of cells of the lateral cochlear 
nucleus. They pass over the restiform body, and across the rhomboid fossa 
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to the median sulcus. Here they dip into the substance of the pons, where 
some end around the cells of the superior olivary nuclei of both sides, while 
others, both direct and crossed, pass into the lateral lemniscus. 

The lateral lemniscus ascends through the pons, and appears on the surface 
in the lateral sulcus of the midbrain ; its fibres end in the inferior colliculus 
and the medial geniculate body. In the upper part of the lateral lemniscus 
there is a collection of nerve-cells, the nucleus of the lateral lemniscus , around 
the cells of which some of the fibres arborise, and from the cells of which fibres 
originate and are continued upwards into the tract of the lateral lemniscus. 
From the cells of the medial geniculate body new fibres arise and run through 
the occipital part of the internal capsule to reach the cortical acoustic centre 
which is placed in the anterior part of the transverse temporal gyrus, and in 
the upper part of the middle one-third of the superior temporal gyrus. 

The acoustic nerve is soft in texture, and destitute of neurolemma. After 
leaving the medulla oblongata it passes forwards across the posterior border 
of the brachium pontis, in company with the facial nerve, from which it is 
partially separated by the internal auditory artery. It then enters the internal 
acoustic meatus with the facia] nerve. At the bottom of the meatus it receives 
one or two filaments from the facial nerve, and splits into its cochlear and 
vestibular parts, the distribution of which will be described with the anatomy 
of the internal ear. 

Applied Anatomy. — The acoustic nerve is frequently injured, together with the facial 
nerve, in fracture of the middle fossa of the base of the skull implicating the internal 
acoustic meatus. The nerve may be either torn across, producing permanent deafness, 
•or it may be bruised or pressed by extra vasated blood or inflammatory exudation, 

when the deafness will in all probebimy be temporary. The nerve may also be injured 
by violent blows on the head without any fracture of the bones of tlie skull taking place, 
and deafness may arise from loud explosions from dynamite, &c., probably from some 
lesion of this nerve, which is more ‘in i>!,: m be injured than the other cerebral nerves on 
account of its structure. ‘ Nerve-deafness,’ as contrasted with deafness due to changes 
in the middle ear or meatus, is suggested if (1) a sounding tuning-fork placed on the 
middle-line of the head is heard better (Weber’s test) by the unaffected ear; or if (2) the 
sounding tuning-fork is heard longer when held before the affected ear (=air conduction) 
than when it is stood on the corresponding mastoid (=bone conduction, Rhine’s test) ; or 
if (3) the sounding tuning-fork applied to the vertex or mastoid is heard less well when 
the air in the meatus is compressed by the use of a Siegle’s speculum (Gelle’s test); or 
if (4) the tuning-fork placed on the mastoid is heard for a shorter time than its sound 
is perceptible to a normal individual ( = evidence that bone conduction is diminished, 
Sehwabach’s test). It must be remembered that all these tests are liable to anomalies 
and exceptions, and are not applicable to old people. If, however, concordant results 
are yielded by the tests of Weber, Rinne, and Gelle, Bezold’s ‘ triad of symptoms,’ nerve- 
deafness rather than deafness due to disease of the conducting structures, is rendered 
highly probable. 

Tinnitus aurium , or the hearing of sounds in the ear that have no objective cause 
outside the body, is said to be present in as many as sixty per cent, of cases of ear disease 
of all sorts, and is communes;, in of the T flbyir»th or of the nerve. It is very 

variable in intensity; the worst forms are purely <::bjr;-i:vi*. and due to irritation of the 
nerve itself. The sounds heard are of the most varied nature — buzzing, hissing, whist- 
ling, rushing, bell-ringing, and so forth — and may occupy the patient’s attention so 
completely that he is no longer able to attend to his business; he may even commit 
suicide in order to escape from them. In the insane, tinnitus is associated with delusions 
and hallucinations of hearing; cases of insanity have even been recorded in which cure 
was effected by the removal of cerumen impacted in the meatus and giving rise to 
persistent tinnitus. 


The Glossopharyngeal Nerve (figs. 900, 901, 902) 

The glossopharyngeal nerve contains motor and sensory fibres. It 
supplies motam -filmea to the Stylopharyngeus, and s ensory fibres to the 
pharynx, the palatine tonsil, and the posterior part of the tongue ; it is also 
the nerve of taste for this part of the tongue. It is attached by three or four 
filaments to the upper part of the medulla oblongata, in the groove between the 
olive and the restiform body. 

The sensory fibres arise from the cells of the superior and petrous ganglia, 
which are situated on the trunk of the nerve, and will be presently described. 
When traced into the medulla, some of the sensory fibres end by arborising 
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around the cells of the upper part of a nucleus which lies beneath the ala 
cinerea in the lower part of the rhomboid fossa. Most, however, contribute 
to form a strand, named the fasciculus solitarius , which descends in the medulla 
oblongata. Associated with this strand are numerous nerve-cells (nucleus 
tractus solitarii) and around these cells the fibres of the fasciculus end. 

The motor fibres spring from the cells of the nucleus ambiguus , which also 
gives origin to the motor fibres of the vagus nerve, and to the cerebral part of 
the accessory nerve. This nucleus lies some distance from the surface of the 
rhomboid fossa in the lateral part of the medulla oblongata and is continuous 
below with the anterior grey column of the medulla spinalis. From the nucleus 
the fibres are first directed backwards towards the rhomboid fossa, and then 
forwards and lateralwards to join with the fibres of the sensory root. 

From the medulla oblongata, the glossopharyngeal nerve passes forwards and 
lateralwards towards the triangular depression into which the aquaeductus 

cochleae opens, on the inferior 

-cv ■ nnn A t , , , surface of the petrous portion 

Fig. 900 -A plan of the upper portions of the glosso- f the temporal bone. It lies 

pharyngeal, vagus, and accessory nerves. , n . j £ X1 n ^ 

r a 65 j a t un( } er cover 0 f the floc- 

Au. 7' tea Lar cuius, and rests on the tuber- 

II < culum jugulare of the occipital 

1 i\ r y^P anta bone, which is sometimes 

U \\ grooved by it. ItJeaves the 

\ skull h Y lending sharply 

A // downwards through the cen- 

JJ tral .part of the jugular 

"// foramen, anterior and lateral 

to the vagus and accessory 
To faeiaL nerves, and in a separate 

\\ sheath of dura mater (fig. 

901). In its transit through 
\\ \\ the jugular foramen it is 

\\ I m\V\ lodged in a deep groove 

- /fiji I li F|Y leading from the triangular 

yj J \ V depression for the aquaeductus 

AH / /I I \ Pkar^eat cochlea, and here.it is separ- 

V J\ li # * v |\ ated by the inferior petrosal 

A\ // | V Ns. sinus from the vagus and 

1 // J \\ Yt Ns. « . accessory nerves. The deep 

u | emtLuA \ \ laryngeal groove is converted into a 

1 \ \ canal by a bridge which is 

' usually composed of fibrous 

tissue, but which consists of 
bone in about 25 per cent, of skulls.* At its exit from the skull it passes 
forwards between the internal jugular vein and internal carotid artery ; it 
descends in front of the latter vessel, and beneath the styloid process and 
the muscles connected with it, to the lower border of the Stylopharyngeus. It 
then curves forwards, forming an arch on the side of the neck and lymguipim 
the Stylopharyngeus and Constrictor pharyngis medius. Thence it passes 
under cover of the Hyoglossus, and is finally distributed to the palatine tonsil, 
the mucous membrane of the pharynx and the posterior part of the tongue, 
and the mucous glands of the mouth. 

Two ganglia, the superior and the petrous, are situated on that portion of 
the nerve which traverses the jugular foramen (fig. 900). 

The superior ganglion (jugular ganglion) is situated in the upper part of 
the groove in which the nerve is lodged during its passage through the jugular 
foramen. It is very small, and is usually regarded as a detached portion of 
the petrous ganglion. 

The petrous ganglion is larger than the superior ganglion and is situated in 
a depression in the lower border of the petrous portion of the temporal bone. 

The glossopharyngeal nerve communicates with the sympathetic trunk, and 
with the vagus and facial nerves. 

The petrous ganglion is connected by a filament with the superior cervical 
* E. Joyce Partridge, Journal [ of Anatomy y vol. lii. 
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ganglion of the sympathetic. The branches to the vagus consist of two filaments 
which arise from the petrous ganglion ; one joins the auricular branch, and 
the other the jugular ganglion, of the vagus. The branch to the facial arises 
from the trunk of the glossopharyngeal nerve below the petrous ganglion ; it 
perforates the posterior belly of the Digastricus and joins the facial nerve near 
the stylomastoid foramen. 

The branches of distribution of the glossopharyngeal nerve are : tympanic, 
carotid, pharyngeal, muscular, tonsillar, and lingual. 

The tympanic nerve (Jacobson's nerve) arises from the petrous ganglion 
of the glossopharyngeal nerve, and ascends to the tympanic cavity through 
the inferior tympanic canaliculus (p. 212). In the tympanic cavity" it divides 
into branches which form the tympanic plexus and are contained in grooves 
,upon the surface of the promontory. This plexus gives off : (1) the lesser 
superficial petrosal nerve ; (2) a branch to join the greater superficial petrosal 
nerve ; and (3) branches to the tympanic cavity, all of which are described 
with the anatomy of the middle ear. 

The carotid branches descend along the trunk of the internal carotid 
artery as far as its origin, communicating with the pharyngeal branch of the 
vagus, and with branches of the sympathetic trunk. 

The pharyngeal branches are three or four filaments which unite, opposite 
the Constrictor pharyngis medius, with the pharyngeal branches of the vagus 
nerve and the laryngopharyngeal branches of the sympathetic trunk to form 
the pharyngeal plexus ; branches from this plexus perforate the muscular coat 
of the pharynx and are distributed to its muscles and mucous membrane. 

The muscular branch supplies the Stylopharyngeus. 

The tonsillar branches supply the palatine tonsil, and form around it a 
plexus with branches of the middle and posterior palatine nerves ; from this 
plexus filaments are distributed to the soft palate and fauces. 

The lingual branches are two in number : one supplies the papillae vallatae 
and the mucous membrane near the sulcus terminalis of the tongue ; the other 
supplies the mucous membrane and follicular glands of the posterior one-third 
of the tongue, and communicates with the lingual nerve. 


The Vagus Nerve (figs. 900, 901, 902) 

The vagus nerve is composed of motor and sensory fibres, and has a more 
extensive course and distribution than any of the other cerebral nerves, since 
it passes through the neck and thorax to the abdomen. 

The vagus nerve is attached by eight or ten filaments to the medulla 
oblongata in the groove between the olive and the restiform body, below the 
glossopharyngeal nerve. The sensory fibres arise from the cells of the jugular 
ganglion and ganglion nodosum of the nerve (see below), and, when traced into 
the medulla oblongata, mostly end by arborising around the cells of the 
inferior part of a nucleus which lies beneath the ala cinerea in the lower part 
of the rhomboid fossa ; a few descend in the fasciculus solitarius and end 
around its cells. The motor fibres arise from the cells of the nucleus ambiguus, 
already referred to in connexion with the motor root of the glossopharyngeal 
nerve (p. 916). 

The filaments of the nerve unite, and form a flat cord which passes beneath 
the flocculus of the cerebellum to the jugular foramen, through which it leaves 
the cranium. In emerging through this opening, the vagus nerve is accom- 
panied by and contained in the same sheath of dura mater with the accessory 
nerve, a septum separating them from the glossopharyngeal nerve which lies 
in front (fig. 901). In this situation the vagus nerve presents a well-marked 
enlargement, the jugular ganglion . After its exit from the jugular foramen the 
vagus nerve enlarges into a second swelling, the ganglion nodosum. 

The jugular ganglion (ganglion of the root) is of a greyish colour, spherical 
in form, about 4 mm. in diameter. It is joined by one or two delicate filaments 
with the cerebral portion of the accessory nerve ; it is connected by a twig with 
the petrous ganglion of the glossopharyngeal nerve, and with the sympathetic 
trunk by a filament from the superior cervical ganglion ; its auricular branch 
gives off ■ an ascending branch which joins the facial nerve. 
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The gang-lion nodosum (ganglion of the trunk) is cylindrical in form of 
a reddish colour, and 2-5 cm. long. It is connected with the hypoglossal 
nerve, the superior cervical ganglion of the sympathetic trunk, and the loon 
between the first and second cervical nerves. The cerebral portion of the 
accessory nerve passes over the ganglion and is attached to it by fibrous tissue 
.beyond the ganglion nodosum the cerebral portion of the accessory nerve 
blends with the vagus nerve ; its fibres are principally distributed to the 


Fig. 901. The upper part of the medulla spinalis, and the hind-brain and 
micl-brain. Exposed from behind. 
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single cord, which runs along the back of the oesophagus, enters the abdomen 
through the oesophageal opening in the Diaphragm, and is distributed, to the 
poster o -inferior surface of the stomach, joining the left side of the cceliac plexus, 
and sending filaments to the lienal (splenic) plexus. 

On the left side, the nerve enters the thorax between the left carotid and 
subclavian arteries, behind the left innominate vein. It crosses the left side 
of the arch of the aorta, and descends behind the root of the left lung, forming 
there the left posterior pulmonary plexus. Erom this it runs along the anterior 
surface of the oesophagus, where it unites with branches of the right nerve in 
the oesophageal plexus , and is continued to the stomach, distributing branches 
over its anterosuperior surface ; some of these extend over the fundus, and 
others along the lesser curvature. Filaments from these branches enter the 
lesser omentum, and join the hepatic plexus. 

The branches of distribution of the vagus nerve are : 

In the jugular fossa 


In the neck . 


In the thorax 


In the abdomen 


The meningeal branch springs from the jugular ganglion of the vagus 
nerve, and is distributed to the dura mater in the posterior fossa of the skull. 

The auricular branch (nerve of Arnold) also arises from the jugular 
ganglion of the vagus nerve, and is joined soon after its origin by a filament 
from the petrous ganglion of the glossopharyngeal ; it passes behind the internal 
jugular vein, and enters the mastoid canaliculus on the lateral wall of the jugular 
fossa. Traversing the substance of the temporal bone, it crosses the facial 
canal about 4 mm. above the stylomastoid foramen, and here it gives off an 
ascending branch which joins the facial nerve. It then passes through the 
tympanomastoid fissure, and divides into two branches ; one joins the posterior 
auricular nerve, the other is distributed to the skin of the back of the auricula 
and to the posterior part of the external acoustic meatus. 

The pharyngeal branch, the principal motor nerve of the pharynx, arises 
from the upper part of the ganglion nodosum of the vagus nerve, and consists 
principally of filaments from the cerebral portion of the accessory nerve. It 
passes across the internal carotid artery to the upper border of the Constrictor 
pharyngis medius, where it divides into numerous filaments which join with 
branches from the sympathetic trunk, the glossopharyngeal and external 
laryngeal nerves, to form the pharyngeal plexus . Erom the plexus, branches are 
distributed to the muscles and mucous membrane of the pharynx, and the muscles 
of the soft palate, except the Tensor veli palatini. A minute filament joins 
the hypoglossal nerve as the latter winds round the occipital artery. 

The superior laryngeal nerve, larger than the preceding, arises from the 
middle of the ganglion nodosum of the vagus nerve, and in its course receives 
a branch from the superior cervical ganglion of the sympathetic trunk. It 
descends, by the side of the pharynx, behind the internal carotid artery and 
divides into two branches, an internal and an external. 

The internal branch descends to the hyothyreoid membrane ; it pierces this 
membrane at a higher level than the superior laryngeal artery, and divides 
into an upper and a lower branch. The upper branch is directed horizontally, 
and supplies twigs to the mucous membrane of the pharynx, the epiglottis, 
the vallecula of the tongue and the vestibule of the larynx. The lower branch 
descends in the medial wall of the reeessus piriformis, and gives branches to 
the aryepiglottic fold, and to the mucous membrane on the back of the arytenoid 
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cartilage. It also supplies one or two branches to the Arvtsenoideus muscle, 
and these branches unite with twigs from the recurrent nerve to the same 

muscle ; the Arytsenoideus 
Fig. 902. — The course and distribution of the glosso- has therefore a double 
pharyngeal, vagus, and accessory nerves. nerve-supply. The inter- 



nal branch of the superior 
laryngeal nerve ends by 
piercing the Constrictor 
pharyngis inferior, and 
joining with the recurrent 
nerve.* 

The external branch , the 
smaller, descends beneath 
the Sternothyreoideus ; it 
lies at first on the Con- 
strictor pharyngis inferior, 
and then passing deep 
to that muscle, winds 
round the inferior thyreoid 
tubercle and enters the 
Cricothyreoideus. It gives 
branches to the pharyngeal 
plexus and to the Constric- 
tor pharyngis inferior ; be- 
hind the common carotid 
artery it communicates 
with the superior cardiac 
nerve. 

The recurrent nerve 

(recurrent laryngeal nerve) 
differs, as to its origin and 
course, on the two sides of 
the body. On the right 
side it arises from the vagus 
nerve in front of the first 
part of the subclavian 
artery ; it winds from 
before backwards round 
that vessel, and ascends 
obliquely to the side of 
the trachea behind the 
common carotid artery, 
and either in front of or 
behind the inferior thy- 
reoid artery. On the left 
side, it arises from the 
vagus nerve on the left 
of the arch of the aorta, 
and winds below the arch 
immediately behind the 
attachment of the liga- 
ment-um arteriosum to the 
concavity of the arch, and 
then ascends to the side 
of the trachea. The nerve 
on either side ascends in 


the groove between the 
trachea and oesophagus, f passes under the lower border of the Constrictor 
pharyngis inferior, and enters the larynx behind the articulation of the inferior 


* Consult an article on 4 The nerves of the human larynx ’ by T. F. M. Dilworth, Journal of 
Anatomy , vol. lvi. 


t F. G. Parsons {Journal of Anatomy, vol. liv.) points out that the right nerve may lie at some 
little distance from the groove between the trachea and the oesophagus. 
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cornu of the thyreoid with the cricoid cartilage ; it gives branches to all the 
muscles of the larynx, excepting the Cricothyreoideus. It communicates with 
the internal branch of the superior laryngeal nerve, and gives a few filaments 
to the mucous membrane of the lower part of the larynx. 

As the recurrent nerve hooks round the subclavian artery, or the arch of the 
aorta, it gives several cardiac filaments to the deep part of the cardiac plexus. 
As it ascends in the neck it gives branches, more numerous on the left than 
on the right side, to the mucous membrane and muscular coat of the (eso- 
phagus ; branches to the mucous membrane and muscular fibres of the 
trachea ; and some filaments to the Constrictor pharyngis inferior. 

The superior cardiac branches, two or three in number, arise from the 
vagus nerve, at the upper and lower parts of the neck. The upper branches are 
small, and join with the cardiac branches of the sympathetic trunk. They can 
be traced to the deep part of the cardiac plexus. 

The lower branches arise at the root of the neck. That from the right vagus 
passes in front or by the side of the innominate artery, and proceeds to the 
deep part of the cardiac plexus ; that from the left runs down across the left 
side of the arch of the aorta, and joins the superficial part of the cardiac plexus. 

The inferior cardiac branches, on the right side, arise from the trunk of 
the vagus nerve as it lies by the side of the trachea, and from its recurrent 
nerve ; on the left side from the recurrent nerve only. They end in the deep 
part of the cardiac plexus. 

The anterior bronchial branches, two or three in number, and of small 
size, are distributed on the anterior surface of the root of the lung. They join 
with filaments from the sympathetic, and form the a?iterior pulmonary plexus. 

The posterior bronchial branches, more numerous and larger than the 
anterior, are distributed on the posterior surface of the root of the lung ; they 
are joined by filaments from the third and fourth (sometimes also from the 
first and second) thoracic ganglia of the sympathetic trunk, and form the 
posterior pulmonary plexus. Branches from this plexus accompany the rami- 
fications of the bronchi through the substance of the lung. 

The oesophageal branches are given off both above and below the bronchial 
branches ; the lower are more numerous and larger than the upper. They 
form, together with branches from the opposite nerve, the oesophageal plexus. 
From this plexus filaments are distributed to the oesophagus and to the back 
of the pericardium. 

The gastric branches are distributed to the stomach. The right vagus 
forms the posterior gastric plexus on the postero -inferior surface of the stomach, 
and the left the anterior gastric plexus on the anterosuperior surface. 

The cceliac branches are mainly derived from the right vagus : they 
join the coehac plexus and through it supply branches to the pancreas, spleen, 
kidneys, suprarenal glands, and intestine. 

The hepatic branches arise from the left vagus : they join the hepatic 
plexus and through it are conveyed to the liver. 

Applied Anatomy . — The trunk of the vagus is rarely injured, but the functions of the 
nerve may be interfered with by damage to its nucleus of origin in the medulla; by 
thickening or growth from the meninges or bones, or aneurysm of the basilar artery , before 
its exit from the skull; injuries such as gunshot or punctured wounds in the neck, or 
injuries during such operations as ligature of the carotid artery, removal of tuberculous 
glands or other deep-seated tumours. The vagus may also be compressed by aneurysms 
of the carotid artery, and its deep origin becomes affected in bulbar paralysis. The 
symptoms produced by paralysis of the nerve are palpitation, with increased frequency of 
the pulse, constant vomiting, slowing of the respiration, and a sensation o- suffocation. 

1 Reflexes ’ on the branches of the vagus are not at all uncommonly met with. The 
1 ear cough ’ is perhaps one of the commonest, where a plug of wax in the acoustic meatus 
may, by irritating the filaments of the auricular (Arnold’s) nerve, be responsible for a 
persistent cough. Syringing the external acoustic meatus frequently produces cough, 
and, in children, vomiting is’ not uncommon as the result of such a procedure; moreover, 
in people with weak hearts, syringing the ear has been responsible for a sudden fatal 
syncope, by reflex irritation of the cardiac branches. Another very common example is 
the persistent cough which is frequently due to enlarged bronchial glands in children, the 
irritation of which is referred to the superior laryngeal filaments. 

The anatomy of the laryngeal nerves is of importance in considering some of the 
morbid conditions of the larynx. When the peripheral terminations of the superior 
laryngeal nerve are irritated by some foreign body passing over them, reflex spasm of 
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the glottis is the result. When its trunk is pressed upon by, for instance, a goitre or an 
aneurysm of the upper part of the carotid, there is a peculiar dry, brassy cough. When 
the nerve is paralysed, there is ansesthesia of the mucous membrane of the larynx, so 
that foreign bodies' can readily enter the cavity, and, as the nerve also supplies the Crico- 
thyreoideus muscle, the vocal folds cannot be made tense, and the voice is deep and 
hoarse. Paralysis may be the result of bulbar pnredy^ : _ may be a sequel to diphtheria, 
when both nerves are usually involved; or it may. mom:-! less commonly, be caused by 
the pressure of tumours or aneurysms, when the paralysis is generally unilateral. Irrita- 
tion of the recurrent nerves produces spasm of the muscles o f the larynx. When both 
recurrent nerves are paralysed, the vocal folds are motionless, in the so-called ‘ cadaveric 
position * — that is to say fin the position in which they are found in ordinary tranquil 
respiration ; neither closed as in phonation, nor widely open as in deep inspiratory efforts. 
When one recurrent nerve is paralysed, the vocal fold of the same side is motionless, 
while the opposite one crosses the middle line to accommodate itself to the affected one; 
hence phonation is possible, but the voice is altered and weak in timbre. The nerves may 
be paralysed in bulbar paralysis or after diphtheria, when the paralysis usually affects both 
sides; or they may be affected by the pressure of aneurysms of the aorta, innominate, or 
subclavian arteries; by mediastinal tumours; by gummata; or by cancer of the upper 
part of the oesophagus, when the paralysis is often unilateral. Paralysis of the adductor 
muscles of the larynx on both sides is quite common, and is usually functional in nature. 
The voice is reduced to a whisper, but the power of coughing is preserved. 


The Accessory Nerye (figs. 900, 901, 902) 

The accessory nerve (spinal accessory nerve) consists of two parts, a 
cerebral and a spinal. 

The cerebral part is the smaller ; its fibres arise from the p.e3 1&-,of „the 
nucleus ambig.uus and emerge as four or five delicate rootlets from the side 
of the medulla oblongata, below the roots of the vagus. It xuns laf eralmrds 
to, the jugular foramen, where it interchanges fibres with the spinal portion or 
becomes united to it for a short distance ; here it is also connected by one 
or two filaments with the jugular ganglion of the vagus. It passes through 
the jugular foramen, separates from the spinal portion, and is continued over 
the ganglion nodosum of the vagus, to the surface of which it is adherent, and 

is distributed principally to the pharyngeaL. and superior, . laryngeal branches.. 

of_the vagus. . Through the pharyngeal branch of the vagus it supplies the 
muscles of the soft palate, with the exception of the Tensor veli palatini. 
Some filaments from it are continued into the trunk of the vagus below the 
ganglion, to be distributed with the recurrent nerve and probably also with 
the cardiac nerves. 

The spinal part is firm in texture, and its fibres arise from the moto r 
c ells in the lateral part of th e,, anterior -column of the grey substance of the 
medulla spinalis as low as the fifth cervical nerve. Passing through the lateral 
white funiculus of the medulla spinalis, they emerge on its surface and unite 
to form a trunk, which ascends between the ligamentum denticulatum and 
the posterior roots of the spinal nerves, and enters the skull through the foramen 
roagnum, behind the vertebral artery. It is then directed upwards and 
lateralwards to the jugular foramen, through which it passes in the same 
sheath of dura mater as the vagus nerve, hut separated from that nerve 
by a fold of the arachnoid. In the jugular foramen, it receives one or two 
filaments from the cerebral part of the accessory nerve, or else joins it for a 
short distance and then parts from it again. At its exit from the jugular 
foramen, it runs backwards over the internal jugular vein in about 66 per cent, 
of subjects, and under it in about 33 per cent. (Tandler). The nerve then 
descends obliquely behind the Digastricus and Stylohyoideus to the upper part of 
the Sternocleidomastoideus ; it pierces this muscle, and courses obliquely across 
the posterior triangle of the neck, to end in the deep surface of the Trapezius. 

As iLJbraverses the ; Sternocleidomastoideus it gives several filaments to the 

muscle, and joins with branches from the second cervical nerve. In the 
posterior triangle it unites with the second and third cervical nerves, while 
beneath the Trapezius it forms a plexus with the third and fourth cervical 
nerves, and from this plexus fibres are distributed to the muscle. 

Allied Anatomy . — The functions of the accessory nerve may be interfered with either 
by central changes ; or at its exit from the skull, by fractures running across the jugular 
foramen ; or in the neck, by inflamed lymph-glands, &c. The acute wry-neek in children 
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is most commonly due to inflamed or suppurating glands, and rapidly subsides with appro- 
priate treatment. Central irritation causes clonic spasm of the Sternoefeidomastoideiis 
and Trapezius muscles, or, as it is termed, spasmodic torticollis. In eases of this affection 
in which all previous palliative treatment has failed, and the spasms are so severe as to 
undermine the patient’s health, division or excision of a portion of the accessory nerve 
has been resorted to. This must be done from the anterior border of the Stemocleido- 
mastoideus (fig. 662, p. 608). The operation consists in making an incision, 8 cm. in length, 
from the apex of the mastoid process along the anterior border of the muscle, which is 
defined and pulled backwards so as to stretch the nerve, which is then to be sought beneath 
the Digastricus, about 5 cm. below the apex of the mastoid process. Fr.fortnmfdy, the 
operation does not yield a satisfactory or permanent cure, as the spam:.- tend :«> recur 
after an interval, either in the same muscles or in other groups of neck muscles. 

In cases where extensive dissections are undertaken for enlarged glands in the neck, 
it is essential that this nerve should be at once sought and isolated from the mass of inflamed 
glands so as to maintain its continuity. 


The Hypoglossal Nerve (figs. 903, 904) 

The hypoglossal nerve is the motor nerve of the tongue. 

Its fibres arise from the cells of the hypoglossal nucleus, which is an upward 
prolongation of the base of the anterior column of grey substance of the medulla 


Fig. 903. — The right hypoglossal nerve and cervical plexus. 



spinalis. This nucleus is about 2 cm. long, and its upper part corresponds 
With the t.T-icrnnnm hypoglossi. or lower portion of the medial eminence of the 
rhomboid-fossa. (n. 824), The lower part of the nucleus extends downwards 
into the closed part of the medulla oblongata, and there lies in relation to the 
ventrolateral aspect of the central canal. The fibres run forwards through 
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the medulla oblongata, and emerge in the anterolateral sulcus .between the 
pyra mid and thmolive. 

The rootlets of this nerve run lateralwards behind the vertebral artery, 
and are collected into two bundles, which perforate the dura mater separ- 
ately, opposite the hypoglossal, -canal in the occipital , bone, and unite 
together after their passage through it ; in some cases the canal is divided 
into two by a small bony spicule. The nerve descends almost verti- 
cally to a point corresponding with the angle of the mandible. It is at 
first deeply seated beneath the internal carotid artery and internal jugular 
vein, and intimately connected with the vagus nerve ; it then passes forwards 


Fig. 904. — A plan of the hypoglossal nerve. 



beteeemthe vein and artery, and lower down in the neck becomes superficial 
below the Digastricus. The nerve then loops -round the occipital artery, 
and crosses the external carotid and lingual arteries. It passes beneath the 
tendon of the Digastricus, the Stylohyoideus, and the Mylohyoideus, lying 
.between the last-named muscle and the Hyoglossus, and is then continued 
forwards in the fibres of the Genioglossus as far as the tip of the tongue, distri- 
buting branches to its muscular substance. It communicates with the sympa- 
thetic trunk, and with the vagus, first and second cervical, and lingual nerves. 

Opposite the atlas the nerve receives branches from the superior cervical 
ganglion of the sympathetic trunk, and at the same level is joined by a filament 
from the loop connecting the first and second cervical nerves. 

The communications with the vagus nerve take place close to the skull, 
numerous filaments passing between the hypoglossal nerve and the ganglion 
nodosum of the vagus nerve through the mass of connective tissue which unites 
the two nerves. As the nerve winds round the occipital artery it gives off a 
filament to the pharyngeal plexus. 
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Near the anterior border of the Hyoglossus it is united to the lingual nerve 
by numerous filaments which ascend upon the muscle. 

The branches of distribution of the hypoglossal nerve are : 

Meningeal. Thyreohyoid. 

Descending. Muscular. 

Of these branches the meningeal, descending, thyreohyoid, and that to the 
Oeniohyoideus, are probably derived mainly from the branch which passes 
from the loop between the first and second cervical nerves to join the hypo- 
glossal (fig. 904). 

Meningeal branches- — As the hypoglossal nerve passes through the 
hypoglossal canal it supplies several filaments to the dura mater in the posterior 
fossa of the skull. 

The descending ramus, long and slender, quits the hypoglossal nerve 
where the latter turns round the occipital artery, and descends in front of or 
within the sheath of the carotid vessels ; it gives a branch to the superior belly 
of the Omohyoideus, and, just below 7 the middle of the neck, joins the com- 
municantes cervicales from the second and third cervical nerves to form a 
loop, the ansa hypoglossi. From the convexity of this loop branches pass to 
supply the Sternohyoideus, the Sternothyreoideus , and the inferior belly of the 
Omohyoideus. According to Arnold, another filament descends in front of 
the vessels into the thorax, and joins the cardiac and phrenic nerves. 

The thyreohyoid branch arises from the hypoglossal nerve near the 
posterior border of the Hyoglossus ; it runs obliquely across the greater cornu 
of the hyoid bone, and supplies the Thyreohyoideus muscle. 

The muscular branches are distributed to the Styloglossus, Hyoglossus, 
Genioliyoideus, and Genioglossus. Numerous slender branches pass upwards 
into the substance of the tongue to supply its intrinsic muscles. 

Applied Anatomy . — The hypoglossal nerve is an important guide in the operation of 
ligature of the lingual artery (p. 612 ). It runs forwards on the Hyoglossus just above 
the greater cornu of the hyoid bone, and forms the upper boundary of the triangular space 
in which the artery is to be sought by cutting through the fibres* of the Hyoglossus. In 
cases where the nerve is involved by gumma or new growth of the base of the skull, or 
where it has been injured on one side of the neck, or in some cases of bulbar paralysis, 
unilateral paralysis, together with hemiatrophy of the tongue, results; the tongue, when 
protruded, being directed to the paralysed side owing to the unopposed action of the 
Genioglossus of the opposite side. On retraction, the wasted and paralysed side of the 
tongue rises up higher than the other. The larynx may deviate towards the sound side on 
swallowing, from the unilateral paralysis of the depressors of the hyoid bone. If the 
paralysis is bilateral, e.g. the result of a bullet wound of the infrahyoid region, the tongue 
lies motionless in the mouth, taste and tactile sensibility of the organ are perfect, articu- 
lation is slow and sticky; swallowing is very difficult, and the patient has to throw his 
head backwards and push the bolus of food back into the pharynx with his finger before 
he can swallow it. 


THE SPINAL NERVES 

The spinal nerves spring from the medulla spinalis, and pass through the 
intervertebral foramina. They number thirty-one pairs, which are grouped as 
follows : cervical, 8 ; thoracic, 12 ; lumbar, 5 ; sacral, 5 ; coccygeal, 1. 

The first cervical nerve emerges from the vertebral canal between the 
occipital bone and the atlas vertebra, and is therefore called the suboccipital 
nerve ; the eighth issues between the seventh cervical and first thoracic vertebrae. 

Nerve-roots. — Each nerve is attached to the medulla spinalis by an 
anterior and a posterior root (p. 797), the latter being characterised by the 
presence of a ganglion, the spinal ganglion. 

The anterior root emerges from the anterior surface of the medulla 
spinalis as a number of rootlets or filaments (fila radicularia), which coalesce 
to form two bundles near the intervertebral foramen. 

The posterior root (except in the case of the first cervical nerve) is larger 
than the anterior ; its rootlets are attached along the posterolateral furrow of the 
medulla spinalis and unite to form two bundles which join the spinal ganglion. 

The spinal ganglia are collections of nerve-cells on the posterior roots 
of the spinal nerves. Each ganglion is oval in shape, reddish in colour, and 
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its size bears a proportion to that of the nerve-root on which it is situated ;; 
it is bifid medially where it is joined by the two bundles of the posterior nerve- 
root. The ganglia are usually placed in the intervertebral foramina, immedi- 
ately outside the points where the nerve-roots perforate the dura mater, but 


Fig. 905. — Sketches showing the central connexions of the somatic fibres (A) 
and autonomic fibres (B) of a typical spinal nerve. The efferent fibres are 
represented by red, and the afferent fibres by blue, lines. 



the ganglia of the first and second cervical nerves lie on the vertebral arches, 
of the atlas and epistropheus, and those of the sacral nerves are inside the 1 
vertebral canal, and that of the coccygeal nerve is within the sheath of dura 
mater. 

Structure . — The ganglia consist chiefly of unipolar nerve-cells, and from these the 
fibres of the posterior root take origin ; the single process of each cell divides after a short 
course into a central fibre which enters the medulla spinalis and a peripheral fibre which 
runs into the spinal nerve (fig. 906). Two other forms of cells are said to be present* 
viz. : (a) the eoTs of Bogie!, whose axons ramify close to the cell (type II. of Golgi) and 
are .distributed ernirdy wi'Jhin the ganglion; and (b) multipolar cells similar to those 
found in the >yrr:pavhci:c gar.glia. 

The ganglia of the first pair of cervical nerves may be absent, while small aberrant 
ganglia consisting of groups of nerve-cells are sometimes found on the posterior roots of 
the upper cervical nerves between the spinal ganglia and the medulla spinalis. 

Each nerve-root receives a covering from the pia mater, and is loosely 
invested by the arachnoid, the latter being prolonged as far as the points 
where the roots pierce the dura mater. The two roots pierce the dura mater 
separately, each receiving a sheath from this membrane ; where the roots 
join to form the spinal nerve this sheath is continuous with the epineurium 
of the nerve. 

Size and direction. — The roots of the upper four cervical nerves are 
small, those of the lower four are large. The posterior roots of the cervical 
nerves bear a proportion to the anterior of three to one, which is greater than 
in the other regions ; their individual filaments are also larger than those of 
the anterior roots. The posterior root of the first cervical is an exception 
to this, being smaller than the anterior root ; in about eight per cent, of cases 
it is wanting. The roots of the first and second cervical nerves are short, and 
run nearly horizontally to their points of exit from the vertebral canal. From 
the third to the eighth cervical they are directed obliquely downwards, the 
obliquity and length of the roots successively increasing ; the distance, however, 
between the level of attachment of any of these roots to the medulla spinalis 
and the points of exit of the corresponding nerves never exceeds the height 
of one vertebra. 

The roots of the thoracic nerves, with the exception of the first, are of small 
size, and the posterior roots only slightly exceed Jhe anterior in thickness. 
They increase successively in length, from above downwards, and, in the lower 
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The optic chiasma or commissure, formed by the union of the two optic 
nerves, is somewhat quadrilateral in shape ; it lies above the tubereulum sells© 
and the anterior part of the diaphragma sellse, some distance behind the so-called 
sulcus chiasmatis of the sphenoidal bone. It forms the anterior part of the 
floor of the third ventricle and is in relation above with the lamina terminalis, 
below with the cisterna chiasmatis which separates it from the anterior part 


Fig. 878. — A scheme showing the central connexions of the optic nerves and 

optic tracts. 
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of the diaphragma sellse, in front with the anterior cerebral and anterior com- 
municating arteries, behind with the tuber cinereum, and laterally with the 
anterior perforated substance and the internal carotid artery. 

The fibres of the optic nerves undergo a partial decussation in the optic 
chiasma (fig. 878). The fibres from the medial (nasal) half of each retina cross 
the middle line in the central part of the chiasma and enter the o Jtic tract of 
the opposite side. The fibres from the lateral (temporal) half of each retina 
do not cross, but are continued backwards, through the lateral part of the 
chiasma, into the optic tract of the same side. The posterior part of the 
chiasma consists of fibres which cross the middle line, but do not form parts 
of the optic nerves ; these fibres connect the medial geniculate body of one 
side with the inferior colliculus of the opposite side, and constitute what is 
known as the commissure of Gudden. 
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1. The somatic efferent fibres originate in the ceils of the anterior grey column 
of the medulla spinalis, and run outwards through the anterior nerve-roots to 
the spinal nerve. They convey impulses to the voluntary muscles, and are 
continuous from their origin to their peripheral distribution. The somatic 
afferent fibres convey impressions inwards from the skin, &c., and originate in 
the unipolar nerve-cells of the spinal ganglia. The single processes of these 
cells divide into peripheral and central fibres, and the latter enter the medulla 
spinalis through the posterior nerve-roots. 

2. The autonomic fibres are also efferent and afferent. The efferent or 
preganglionic fibres originate in the lateral column of the medulla spinalis, and 
are conveyed through the anterior nerve-root and the white ramus communicans. 
Those issuing from the thoracic and lumbar regions of the medulla spinalis are 
part of the sympathetic system and pass to the corresponding ganglion of the 
sympathetic trunk ; here they may end by forming synapses around its cells, 
or may run through the ganglion to end in another of the ganglia of the sym- 
pathetic trunk, or in a more distally placed ganglion in one of the sympathetic 
plexuses. In all cases they end by forming synapses around other nerve-cells. 
From the cells of the ganglia of the sympathetic trunk other fibres (postgan- 
glionic) take origin ; some of these run through the grey rami communieanfes 
to join the spinal nerves, while others pass to the viscera, either directly or 
after interruption in one of the distal ganglia. The fibres issuing from the 
sacral region of the medulla spinalis are parasympathetic ; they do not join 
the sympathetic ganglia but pass as the pelvic splanchnic nerves of Gaskell to the 
pelvic plexuses. The afferent fibres are derived partly from the unipolar cells 
and partly from the multipolar cells of the spinal ganglia. Their peripheral 
processes are carried through the white rami communicantes, and after passing 
without interruption through one or more sympathetic ganglia end in the 
tissues of the viscera. The central processes of the unipolar cells enter the 
medulla spinalis through the posterior nerve-roots and form synapses around 
either somatic or sympathetic efferent neurons, thus completing reflex arcs. 
Some authorities believe that the cells of Dogiel in the spinal ganglia (p. 926) 
bring the autonomic afferent neurons into relationship with those of the 
somatic system, and so render possible the transference of an impulse from the 
former to the sensorium. 

Divisions. — After emerging from the intervertebral foramen, each spinal 
nerve supplies a small meningeal branch which re-enters the vertebral canal 
through the intervertebral foramen and is distributed to the vertebrae and 
their ligaments, and the blood-vessels of the medulla spinalis and its membranes. 
The spinal nerve then splits into a posterior and an anterior division, each 
receiving fibres from both nerve-roots. 


THE POSTERIOR DIVISIONS OF THE SPINAL NERVES 

The posterior divisions of the spinal nerves are as a rule smaller than the 
anterior. They are directed backwards, and, with the exceptions of those of 
the first cervical, the fourth and fifth sacral, and the coccygeal, divide into 
medial and lateral branches for the supply of the muscles and skin (fig, 907) 
of the posterior part of the trunk. 


The Posterior Divisions of the Cervical Nerves 

The posterior division of the first cervical or suboccipital nerve is 
larger than the anterior division, and emerges above the posterior arch of the 
atlas and beneath the vertebral artery. It enters the suboccipital triangle and 
supplies the muscles which bound this triangle, viz. the Rectus capitis posterior 
major, and the Obliqui superior et inferior ; it gives branches also to the 
Rectus capitis posterior minor and the Semispinalis capitis. A filament from 
the branch to the Obliquus inferior joins the posterior division of the second 
•cervical nerve. 

The nerve occasionally gives off a cutaneous branch wMch accompanies the occipital 
artery to the scalp, and communicates with the greater ancnfesser occipital nerves. 
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The posterior division of the second cervical nerve is much larger 
than the anterior division, and is the greatest of all the cervical posterior 
divisions. It emerges between the posterior arch of the atlas and the lamina 
of the epistropheus, below the Obliquus inferior. It supplies a twig to this 
muscle, receives a communicating fila- 
ment from the posterior division of the nr _ , , . 

tot cereal, and than dMdas into a 

large medial and a small lateral branch. posterior divisions of the spinal nerves. 

The medial branch, called from its 
size and distribution, the greater occipital 

nerve, ascends obliquely between the Vj X. 

Obliquus inferior and the Semispinalis \ ‘ 

capitis, and pierces the latter muscle ! t 

and the Trapezius near their attach- M. A ; 

ments to the occipital bone (fig. 907). V' 2 ; 

It is then joined by a filament from the \ N j3C:\ \ 

medial branch of the posterior division \u/&r ^ 

of the third cervical, and, ascending on 1 

the back of the head with the occipital Wc. 

artery, divides into branches which 1 

communicate with the lesser occipital vl 1T * 

nerve and supply the skin of the scalp -U 

as far forward as the vertex of the 1 3 

skull. It gives muscular branches to 

the Semispinalis capitis, and occasion- ) 4 

ally a twig to the back of the auricula. jf 

The lateral branch supplies filaments to [ ) 5 

the Splenius, Longus capitis, and Semi- ■'> 1 . \ ' \ J 6 

spinalis capitis, and is often joined by \SNA ' ; ‘ 

the corresponding branch of the third V^V 

cervical. ^ 

The posterior division of the third ^ 8 () 9 

cervical nerve is intermediate in size / no 

between those of the second and fourth. KaL \ ){ 

Its medial branch runs between the L V . y 11 

Semispinalis capitis and Semispinalis |\ \ \ /j 12 

cervicis, and, piercing the Splenius and v y V \ \V 

Trapezius, ends in the skin. While \\ '• •• d h l. 

under the Trapezius it gives a branch \\' ' '! 

called the third occipital nerve , which " '^ 2 

pierces the Trapezius and ends in the . ':LH 

skin of the lower part of the back of j ^ « 3 

the head (fig. 907). It lies medial to, ” 

and communicates with, the greater V- >'Y( 

occipital nerve. The lateral branch ivAu‘ : 

often joins that of the second cervical. \ ■ ; 
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The posterior division of the suboccipital, 
and the medial branches of the posterior 
divisions of the second and third cervical 
nerves are sometimes joined by communi- 
cating loops to form the posterior cervical 
plexus (Or uveilhier). 


§*# 
My wXyi'^m 

\ ^ - / / / ■ ■ • yf . 


The posterior divisions of the 
lower five cervical nerves divide into 

medial and lateral branches. The medial branches of the fourth and fifth 
run between the Semispinalis cervicis and Semispinalis capitis, and, having 
reached the spinous processes of the vertebrae, pierce the Splenius and 
Trapezius to end in the skin (fig. 907). Sometimes the medial branch of the 
fifth fails to reach the skin. The medial branches of the lowest three nerves are 
small, and end in the Semispinalis cervicis, Semispinalis capitis, Multifidus 
and Interspinales. The |j | krai branches of the lower five nerves supply the 
Ilioeostalis cervicis, Longissimus cervicis, and Longissimus capitis. 
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The dental branches supply the molar and premolar teeth, and the gum. 
Before the branches enter the roots of the teeth they communicate with one 
another and form an inferior dental plexus. 

The incisive branch is continued onwards within the bone and supplies the 
canine and incisor teeth. 

The mental nerve emerges at the mental foramen, and divides beneath the 
Triangularis muscle into three branches ; one descends to the skin of the 
chin, and two ascend to the skin and mucous membrane of the lower lip ; 
these branches communicate freely with the facial nerve. 

Two small ganglia, the otic and the submaxillary, are connected with the 
mandibular nerve. 

The otic ganglion (fig. 888) is a small, oval-shaped, flattened ganglion 
of a reddish-grey colour, situated immediately below the foramen ovale ; it 
lies on the medial surface of the mandibular nerve, and surrounds the origin 
of the nerve to the Pterygoideus internus. It is in relation, laterally , with 
the trunk of the mandibular nerve at the point where the motor and sensory 
roots join; medially , with the cartilaginous part of the auditory tube ; posteriorly , 
with the middle meningeal artery. 

It is connected by two or three short filaments with the nerve to the 
Pterygoideus internus, from which it may obtain a motor root (fig. 889). 
It communicates with the glossopharyngeal and facial nerves, through the 
lesser superficial petrosal nerve continued from the tympanic plexus, and 
through this nerve may receive sensory fibres from the glossopharyngeal nerve 
and a parasympathetic root from the facial nerve ; its sympathetic root is a 
filament from the sympathetic plexus on the middle meningeal artery. 

Branches. — A twig (sphenoidal) ascends from the otic ganglion to the nerve of 
the pterygoid canal, and another connects the ganglion with the chorda 
tympani nerve. Two or more branches run backwards and join the roots of 
the auriculotemporal nerve ; these branches probably carry secretory fibres 
from the glossopharyngeal nerve to the parotid gland. A filament is supplied 
to the Tensor tympani muscle, and another to the Tensor veli palatini muscle. 
The former passes backwards, lateral to the auditory tube ; the latter arises 
from the ganglion, near the origin of the nerve to the Pterygoideus internus, 
and is directed forwards. The fibres of the nerves to the Tensor tympani and 
Tensor veli palatini are mainly derived from the nerve to the Pterygoideus 
internus. 

The submaxillary ganglion (fig. 884) is of small size, and fusiform in 
shape. It is situated above the deep portion of the submaxillary gland, on 
the Hyoglossus, near the posterior border of the Mylohyoideus. It is suspended 
from the lingual nerve by an anterior and a posterior filament. Through the 
posterior filament it receives its parasympathetic root from the chorda tympani 
nerve which runs in the sheath of the. lingual, and its sensory root from the 
lingual nerve. The ganglion receives its sympathetic root from the plexus 
around the external maxillary (facial) artery (fig. 890). 

Five or six branches arise from the lower part of the ganglion, and supply 
the mucous membrane of the mouth, and the submaxillary gland and its duct. 
Fibres pass through the filament connecting the fore part of the ganglion to 
the lingual nerve, and are conveyed to the sublingual gland and the tongue. 


Applied Anatomy . — Paralysis of the trigeminal nerve causes anaesthesia of the corre- 
sponding anterior half of the scalp, of the face (excepting over a small area near the 
angle of the mandible supplied by the cervical nerves), of the cornea and conjunctiva, 
and of the mucous membrane of the nose, mouth, and tongue. Taste is lost ( ageusia ) 
on the affected side. Paralysis and atrophy follow in the Temporalis, Masseter, and 
Pterygoidei, possibly also in the Tensor tympani ; when the mouth is opened the mandible 
is thrust over towards the paralysed side. Interference with the secretion of the tears, 
the nasal mucus, and the saliva, causes dryness of the corresponding mucous membranes. 
The sense of smell is gradually lost on the affected side from the trophic changes that 
follow in the nasal mucous membrane. Inflammation of the eyeball, under these circum- 
stances known as neuroparalytic ophthalmia, is not rare, and is due to the dryness and 
insensitiveness of the conjunctiva ; it is not a 4 trophic ’ phenomenon, but depends on the 
occurrence and neglect of traumatic inflammation in the anaesthetic eye. 

Trigeminal nerve Pains referred to various branches of the trigeminal nerve 

are of very frequent occurrence. As a general rule the diffusion of pain over the various 
branches of the nerve is at first confined to one only of the main divisions, although 
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THE ANTERIOR DIVISIONS OF THE SPINAL NERVES 

The anterior divisions of the spinal nerves supply the anterolateral 

parts of the trunk, and the limbs ; they are for the most part larger than 
the posterior divisions. In the thoracic region they run independently of 
one another, but in the cervical, lumbar, and sacral "regions they unite near 
their origins to form plexuses. 


THE ANTERIOR DIVISIONS OF THE CERVICAL NERVES 


The anterior divisions of the cervical nerves, with the exception of the 
first, appear between the corresponding anterior and posterior intertransverse 
muscles. The anterior divisions of the upper four nerves unite to form the 
cervical plexus ; those of the lower four , together with the greater part of the 
anterior division of the first thoracic nerve, join to form the brachial plexus . 

Each nerve receives a grey ramus communicans, the upper four from the 
superior cervical ganglion, the fifth and sixth from the middle cervical ganglion, 
and the seventh and eighth from the inferior cervical ganglion, of the sym- 
pathetic trunk. 

The anterior division of the first cervical ( suboccipital ) nerve appears above 
the posterior arch of the atlas vertebra, and passes forwards round the lateral 
side of its superior articular process, medial to the vertebral artery. It supplies 
a branch to the Rectus lateralis, and, emerging on the medial side of that 
muscle, descends in front of the transverse process of the atlas and joins with 
the ascending branch of the second nerve. 

The anterior division of the second cervical nerve issues between the neural 
arches of the atlas and epistropheus and runs forwards between the transverse 
processes of these two vertebrae, passing under cover of the first posterior 
intertransverse muscle and on the lateral side of the vertebral artery. It 
divides into an ascending branch which joins with the first cervical nerve, 
and a descending branch which unites with the ascending branch of the third 
cervical nerve. 


The Cervical Plexus 


The cervical plexus (fig. 908) is formed by the anterior divisions of the 
upper four cervical nerves ; each nerve, except the first, divides into an upper 
and a lower branch, and these unite to form three loops. The plexus is situated 
opposite the upper four cervical vertebrae, in front of the Levator scapulae 
and Scalenus medius, and beneath the Sternoeleidomastoideus. 

Its branches are divided into two groups, superficial and deep , and are 
here given in tabular form ; the figures following the names indicate the spinal 
nerves from which the different branches take origin : 


Superficial -j { 


f Medial 


Deep 


Communicating 


l Muscular 


Lateral i 


rSmaller occipital 
I Great auricular . 

Cutaneous cervical 
Supraclavicular . 

* With hypoglossal 
„ vagus 
I „ sympathetic 
Rectus capitis lateralis 
Rectus capitis anterior 
Longus capitis . 

Longus colli 

Communicantes eervicales 
(Phrenic 
f Communicating with accessory. 

J fSternocleidomastoideus 

J Trapezius . 
j Levator scapulas 
' Scalenus medius 


^Muscular t 


. 2 C. 

. 2, 3 C. 

. 2, 3 C. 

. 3, 4 C. 

. 1, 2 C. 

. 1, 2 C. 

. 1, 2, 3, 4 C. 
. 1 C. 

. 1, 2 C. 

. i, 2 , 3 a 

. 2, 3, 4 C. 

2, 3 C, 

. 3, 4, 5 C. 

. 2,3, 4 C. 

. 2 a 

. 3, 4 C. 

. 3, 4 a 
.3 4 0. 
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The Superficial Branches of the Cervical Plexus (figs. 908, 909) 

The smaller occipital nerve arises from the second cervical nerve, 
sometimes also from the third ; it hooks round the accessory nerve and ascends 
along the posterior border of the Sternocleidomastoideus. Near the cranium 
it perforates the deep fascia, and is continued upwards along the side of the head 
behind the auricula, supplying the skin and communicating with the great 
auricular and greater occipital nerves, and with the posterior auricular branch 
of the facial nerve. The smaller occipital nerve varies in size, and is sometimes 
duplicated. 

Fig. 908. — A plan of the cervical plexus. 



It sends off an auricular branch wdiich supplies the skin of the upper third 
of the cranial surface of the auricula, and communicates with the mastoid 
branch of the great auricular nerve. The auricular branch is occasionally 
derived from the greater occipital nerve. 

The great auricular nerve is the largest of the ascending branches. It 
arises from the second and third cervical nerves, winds round the posterior 
border of the Sternocleidomastoideus, and, after perforating the deep fascia 
ascends upon that muscle beneath the Platysma to the parotid gland, where 
it divides into an anterior and a posterior branch. 

The anterior branch is distributed to the skin of the face over the parotid 
gland, and communicates in the substance of the gland with the facial nerve. 
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The posterior branch supplies the skin over the mastoid process and on 
* . hack of the auricula, except at its upper part ; a filament pierces the 

auricula to reach its lateral surface, where it is distributed to the lobule and 
lower part of the concha. The posterior branch communicates with the smaller 
occipital nerve, the auricular branch of the vagus nerve, and the posterior 
auricular branch of the facial nerve. 


Pig, 909.— The nerves of the right side of the scalp, face, and side of neck. 



The cutaneous cervical nerve (transverse cervical nerve) arises from 
the second and third cervical nerves, turns round the posterior border of the 
Sternocleidomastoideus about its middle, and passes obliquely forwards behind 
the external jugular vein to the anterior border of the muscle. It perforates the 
deep cervical fascia, and divides beneath the Platysma into ascending and 
descending branches, which are distributed to the anterolateral parts of the neck. 

The ascending branches pass upwards to the submaxillary region, and form 
a plexns with the cervical branch of the facial nerve, beneath the Platysma ; 
others, pierce that muscle, and are distributed to the skin of the upper and 
front parts of the neck. 

The descending branches pierce the Platysma, and are distributed to the 
skin of the side and front of the neck, as low as the sternum. 

The supraclavicular nerves arise by a common trunk derived from the 
third and fourth cervical nerves. This trunk emerges from beneath the posterior 
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border of the Sternoeleidomastoideus, descends under cover of the Platysma 
and deep cervical fascia, and subdivides into anterior, middle, and posterior 
branches which diverge from one another and pierce the deep fascia a little 
above the level of the clavicle. 

The anterior supraclavicular nerves cross obliquely over the external jugular 
vein and the clavicular and sternal heads of the Sternoeleidomastoideus, and 
supply the skin as far as the middle line. They furnish one or two filaments 
to the sternoclavicular joint. 

The middle supraclavicular nerves cross the clavicle, and supply the skin 
over the Pectoralis major and Deltoideus, communicating with the cutaneous 
branches of the upper intercostal nerves. 

The posterior supraclavicular nerves pass obliquely across the outer surface 
of the Trapezius and the acromion, and supply the skin of the upper and 
posterior parts of the shoulder. 

Applied Anatomy , — Pains referred to the superficial terminal branches of the cervical 
plexus are not uncommon in caries of the cervical vertebne, where pain may be felt 
radiating over the occipital bone, if the disease is situated high up in the vertebral 
column. 

The Deep Branches of the Cervical Plexus. Medial Series 

The communicating branches consist of several filaments, which pass 
from the loop between the first and second cervical nerves to the vagus, hypo- 
glossal, and sympathetic. The branch to the hypoglossal ultimately leaves that 
nerve as a series of branches, viz. the meningeal, the descending ramus, the 
nerve to the Thyreohyoideus and the nerve to the Geniohyoideus (p. 925). A 
communicating branch also passes from the fourth to the fifth cervical nerve, 
while each of the first four cervical nerves receives a grey ramus communicans 
from the superior cervical ganglion of the sympathetic trunk. 

Muscular branches supply the Rectus capitis lateralis, Rectus capitis 
anterior, Longus capitis, and Longus colli. 

The communicantes cervicales (fig. 908) consist usually of two branches, 
one derived from the second and the other from the third cervical nerve. 
These branches join to form the descendens cervicalis, which passes down- 
wards on the lateral side of the internal jugular vein, crosses in front of this 
vein a little below the middle of the neck, and forms a loop {ansa hypoglossi) with 
the descending ramus of the hypoglossal nerve (p. 925) in front of the sheath 
of the carotid vessels. Occasionally the loop is formed within the sheath. 

The phrenic nerve contains motor and sensory fibres in the proportion of 
about two to one. It arises chiefly from the fourth cervical nerve, but receives 
a branch from the third and another from the fifth ; the fibres from the fifth 
occasionally come through the nerve to the Subclavius (p. 937). It is formed 
at the lateral border of the Scalenus anterior, and running obliquely across the 
front of that muscle, descends to the root of the neck, beneath the Sterno- 
cleidomastoideus, the inferior belly of the Omohyoideus, and the transverse 
cervical and transverse scapular vessels. It next passes in front of the 
subclavian artery, between it and the subclavian vein, and, as it enters the 
thorax, crosses from the lateral to the medial side of the internal mammary 
artery. Within the thorax, it descends nearly vertically in front of the root 
of the lung, and then between the pericardium and the mediastinal pleura, 
to the Diaphragm, where it divides into branches which pierce that muscle, 
and are distributed to its under surface. In the thorax it is accompanied 
by the pericardiacophrenic branch of the internal mammary artery. 

The two phrenic nerves differ in their length, and also in their relations 
at the upper part of the thorax. 

The right nerve is situated more deeply, and is shorter and more vertical 
in direction than the left. It descends in front of the Scalenus anterior which 
separates it from the second part of the subclavian artery. It lies lateral 
to the right innominate vein and superior vena cava. 

The left nerve is rather longer than the right, owing to the inclination, of' the 
heart to the left side, and from the Diaphragm being lower on this than on 
the right side. At the root of the neck it crosses the first part of the subclavian 
artery, and is crossed by the thoracic duct. In the superior mediastinal cavity 



THE BRACHIAL PLEXUS 935 

it lies between the left common carotid and left subclavian arteries, and crosses 
superficial to the vagus on the left side of the arch of the aorta. 

Each nerve supplies branches to the pericardium and pleura, and at the root 
of the neck is joined by a filament from the sympathetic, and, occasionally, 
by one from the ansa hypoglossi. 

From the right nerve, one or two filaments pass to join in a small phrenic 
ganglion with phrenic branches of the coeliac plexus ; and branches from this 
ganglion are distributed to the falciform and coronary ligaments of the liver, 
the suprarenal gland, and inferior vena cava. From the left nerve , filaments 
pass to join the phrenic branches of the coeliac plexus, but without any ganglionic 
enlargement ; and a twig is distributed to the left suprarenal gland. 

Applied Anatomy . — In addition to its supply from the phrenics, the Diaphragm 
receives both motor and sensory nerve-fibres from the lower seven intercostal nerves at its 
rim. This double sensory innervation explains the varied distribution of the referred 
pains that may be felt in different cases of infection or inflammation of the Diaphragm, 
such as may occur in pleurisy or pneumonia affecting its upper surface, on the one hand, 
or in peritonitis attacking its lower surface on the other. For example, if it is the more 
central part of the Diaphragm that becomes inflamed in a case of acute peritonitis, the 
patient may complain of pain and tenderness in the area of distribution of the cutaneous 
branches of the fourth and fifth cervical nerves, with the result that disease of the 
shoulder-jein f - or suprncbvicuhr region is erroneously suspected, and the peritonitis is 
missed. Com rcriwise, if ibf periphery of the Dhiphrugm chances to become infected in a 
patient with acute pleurisy or pneumonia, he may complain of acute pain and tenderness 
in the area of distribution of the cutaneous branches of. the lower intercostal nerves, and 
may also exhibit rigidity of the underlying abdominal muscles, with the result that an 
acute intra-abdominal infection is erroneously diagnosed and a laparotomy is performed 
for the relief of a supposed appendicitis, cholecystitis, or localised peritonitis. 


The Deep Branches of the Cervical Plexus. Lateral Series • 

Communicating branches. — The lateral series of deep branches of the 
cervical plexus communicates with the accessory nerve, in the substance of the 
Sternocleidomastoideus, in the posterior triangle, and beneath the Trapezius. 

Muscular branches are distributed to the Sternocleidomastoideus, 
Trapezius, Levator scapulae, and Scalenus medius. 

The branch for the Sternocleidomastoideus is derived from the second 
cervical nerve ; the Trapezius and Levator scapulae receive branches from -the 
third and fourth cervical nerves. The Scalenus medius receives twigs either 
from the third or fourth cervical nerves, or occasionally from both. 


The Brachial Plexus 

The brachial plexus (fig. 910) is formed by the union of the anterior 
divisions of the lower four cervical nerves and the greater part of the anterior 
division of the first thoracic nerve ; the fourth cervical nerve usually, gives a 
branch to the fifth cervical, and the first thoracic nerve frequently receives one 
from the second thoracic. The plexus extends from the lower part of the 

side of the neck to the axilla. The nerves which form it are nearly equal in 

size, but their mode of communication is subject to some variation. The 
following is, however, the most constant arrangement. The fifth and sixth 
cervical nerves unite at the lateral border of the Scalenus medius to form 
a trunk. The eighth cervical and first thoracic nerves unite behind the Scalenus 
anterior to form a trunk, while the seventh cervical nerve runs alone. Three 
trunks — upper, middle, and lower — are thus formed, and, as they pass beneath 
the clavicle, each splits into an anterior and a posterior division.* The anterior 
divisions of the upper and middle trunks unite to form a cord, which is situated 
on the lateral side of the second part of the axillary artery., and is called the 
lateral cord or fasciculus of the plexus. The anterior division of the lower 
trunk passes down on the medial side of the second part of the axillary 
artery, and forms the medial cord or fasciculus of the brachial plexus ; this 
cord frequently/- receives fibres from the seventh cervical nerve. The posterior 

* The posterior division of the lower trunk is very much smaller than the others, and is 
frequently derived entirely from the eighth cervical nerve. 



936 


NEUROLOGY 


divisions of all three trunks unite to form the posterior cord or fasciculus 
of the plexus, which is situated behind the second portion of the axillarv 
artery. 

Relations.- — In the neck, the brachial plexus lies in the posterior triangle, 
being covered by the skin, Platysma, and deep fascia ; it is crossed by the 
supraclavicular nerves, the nerve to the Subclavius, the inferior belly of the 
Omohyoideus, the external jugular vein, and the transverse cervical artery. 
It emerges between the Scalenus anterior and Scalenus medius ; its upper part 
lies above the third part of the subclavian artery, while the trunk formed by 
the union of the eighth cervical and first thoracic nerves is placed behind the 
artery ; the plexus next passes behind the clavicle, the Subclavius, and the 


Fig. 910. — A plan of the brachial plexus. 



transverse scapular vessels, and lies upon the first digitation of the Serratus 
anterior, and the Subscapularis. In the axilla the lateral and posterior cords of 
the plexus are on the lateral side of the first part of the axillary artery, and 
the medial cord behind it. The cords surround the second part of the axillary 
artery on three sides, the medial cord lying on the medial side, the posterior 
cord behind, and the lateral cord on the lateral side of the artery. In the lower 
part of the axilla the cords split into the nerves for the upper limb. 

Close to their exit from the intervertebral foramina the fifth and sixth 

cervical nerves each receive a grey ramus communicans from the middle cervical 
ganglion, and the seventh and eighth cervical similar rami from the inferior 
cervical ganglion, of the sympathetic trunk. The first thoracic nerve receives 
a grey ramus from, and contributes a white ramus to, the first thoracic ganglion 
of the sympathetic trunk. 

The branches of the brachial plexus. — The branches of the brachial 
plexus are usually subdivided into two groups, viz. those arising above the 
clavicle (supraclavicular) and those below that bone (infraclavicular). 
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The Supraclavicular Branches 


The supraclavicular branches may be grouped as follows : (a) those arising 
from the anterior divisions of the cervical nerves, and (b) those from the trunks 
of the plexus. 


From the anterior 
divisions of the-’ 
cervical nerves. 

From the trunks 
of the plexus. 


1. To Scaleni and Longus colli . 

2. To join phrenic nerve . 

3. Dorsal scapular nerve . 

4. Long thoracic nerve 
i I . Nerve to Subclavius 
12. Suprascapular nerve 


5, 6. 

5 C. 

5 C, 

5, 6 , 7 a 
5, 6 C. 

5, 6C. 


8 0 . 


The branches for the Scaleni and Longus colli arise from the lower four 
cervical nerves close to their points of exit from the intervertebral foramina. 

On the Scalenus anterior the phrenic nerve is joined by a branch from the 
fifth cervical nerve. 


The dorsal scapular nerve arises from the fifth cervical nerve, pierces the 
Scalenus medius, passes beneath the Levator scapulae, to which it occasionally 
gives a twig, and runs in company with the descending branch of the transverse 
cervical artery on the anterior surfaces of the Rhomboidei : it ends by supplying 
these muscles. 

The long thoracic nerve (nerve of Bell) (fig. 915) supplies the Serratus 
anterior. It usually arises by three roots from the fifth, sixth, and seventh cervical 
nerves, but the root from the seventh nerve may be absent. The roots from 
the fifth and sixth nerves pierce the Scalenus medius, while that from the seventh 
passes lateralwards in front of the muscle. The nerve descends behind the 
brachial plexus and the first part of the axillary vessels, resting on the outer sur- 
face of the Serratus anterior. It is continued down to the lower border of that 
muscle, supplying, in its course, filaments to each of the digitations of the muscle. 

The nerve to the subclavius is a small nerve which arises from the 
point of junction of the fifth and sixth cervical nerves ; it descends to the 
muscle in front of the third part of the subclavian artery and the lower trunk 
of the plexus, and is usually connected by a filament with the phrenic nerve. 

The suprascapular nerve (fig. 916) is a large nerve which arises from 
the trunk formed by the union of the fifth and sixth cervical nerves. It runs 
lateralwards beneath the Trapezius and the Omohyoideus, and enters the 
supraspinatous fossa through the suprascapular notch, below the superior 
transverse scapular ligament ; it then passes beneath the Supraspinatus, and 
curves round the lateral border of the spine of the scapula to the infraspinatous 
fossa in company with the transverse scapular artery. In the supraspinatous 
fossa it gives two branches to the Supraspinatus muscle, and articular filaments 
to the shoulder- joint and acromioclavicular joint ; and in the infraspinatous 
fossa it gives two branches to the Infraspinatus muscle, besides some filaments 
to the shoulder -joint and scapula. 


Lateral cord 


Medial cord 


Posterior cord , 


T. 


The Infraclavicular Branches 

The infraclavicular branches are derived from the three cords of the brachial 
plexus, but their fibres may be traced through the plexus to the spinal nerves 
from which they originate. They are as follows : 

'Lateral anterior thoracic . 

Musculocutaneous 
" Lateral head of median 
(Ulnar* 

f Medial anterior thoracic 
<: I Medial antibrachial cutaneous 
1 Medial brachial cutaneous . . 
nMedial head of median 
^Upper subscapular 
Lower subscapular 
' Axillary 
Thoracodorsal . 

^Radial 

* See footnote on p. 942. 
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5, 6, 7 C. 

5, 6, 7 C. 

6, 7 C. 

7, 8, C., 1 

8 C., 1 T, 


5, 6 C. 

5, 6 C. 

5,6 0. 

6, 7, 8 0. 

5, 6, 7, 8 0., 1 T. 
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The anterior thoracic nerves (fig. 915) supply the Peetoralis major and 
Pectoralis minor. 

The lateral anterior thoracic nerve, the larger of the two, may arise by two 
roots from the anterior divisions of the upper and middle trunks, or by a 
single root from the point where these divisions unite to form the lateral cord 
of the plexus ; it receives its fibres from the fifth, sixth, and seventh cervical 
nerves. It crosses the axillary artery and vein, pierces the coracoclavicular 
fascia, and is distributed to the deep surface of the Pectoralis major. It sends 
a filament to join the medial anterior thoracic nerve and form with it a loop 
in front of the first part of the axillary artery ; through this loop the lateral 
anterior thoracic nerve distributes some fibres to the Pectoralis minor. 

The medial anterior thoracic nerve receives its fibres from the eighth cervical 
and first thoracic nerves, and arises from the medial cordof the plexus while 
that cord is still on the lateral side of the axillary artery. It passes behind 
the first part of the axillary artery, curves forwards between the axillary artery 
and vein, and unites in front of the artery with a filament from the lateral 
anterior thoracic nerve. It then enters the deep surface of the Pectoralis minor 
and supplies that muscle. Two or three branches pierce the Pectoralis minor, 
and others may pass round its inferior border, and end in the Pectoralis major. 

The subscapular nerves, two in number, sirring from the posterior cord 
of the plexus, and through it from the fifth and sixth cervical nerves. 

The upper subscapular nerve, the smaller, enters the upper part of the 
Subscapularis, and is frequently represented by two branches. 

The lower subscapular nerve supplies the lower part of the Subscapularis, 
and ends in the Teres major ; the latter muscle is sometimes supplied by a 
separate branch. 

The thoracodorsal nerve (long subscapular nerve), a branch of the posterior 
cord of the plexus, derives its fibres from the sixth, seventh and eighth 
cervical nerves ; it accompanies the subscapular artery, along the posterior wall 
of the axilla and supplies the Latissimus dorsi, in which it may be traced as 
far as the lower border of the muscle. 

The axillary nerve (circumflex nerve) (fig. 916) arises from the posterior 
cord of the brachial plexus, its fibres being derived from the fifth and sixth 
cervical nerves. It lies at first behind the axillary artery and in front of the 
Subscapularis, and at the lower border of that muscle winds backwards in 
close relation to the lowest part of the articular capsule of the shoulder- joint, 
and, in company with the posterior humeral circumflex artery, through a quad- 
rilateral space bounded above by the Subscapularis in front and the Teres minor 
behind, below by the Teres major, medially by the long head of the Triceps 
brachii and laterally by the surgical neck of the humerus. It ends by dividing 
into an anterior and a posterior branch. 

The anterior branch , accompanied by the posterior humeral circumflex 
vessels, winds round the surgical neck of the humerus, beneath the Deltoideus, 
as far as the anterior border of the muscle, supplying it, and giving a few small 
cutaneous branches, which pierce the muscle and ramify in the skin covering 
its lower part. 

The posterior branch supplies the Teres minor and the posterior part of the 
Deltoideus ; upon the branch to the Teres minor an oval enlargement (pseudo- 
ganglion) usually exists. The posterior branch then pierces the deep fascia 
and is continued as the lateral brachial cutaneous nerve, which sweeps round 
the posterior border of the Deltoideus and supplies the skin over the lower 
two-thirds of the posterior part of this muscle, as well as that covering the 
long head of the Triceps brachii (figs. 91 1, 913). 

The trunk of the axillary nerve gives an articular filament which enters 
the shoulder- joint below the Subscapularis. 

The musculocutaneous nerve (fig. 915) arises from the lateral cord 
of the brachial plexus, opposite the lower border of the Pectoralis minor, 
its fibres being derived from the fifth, sixth, and seventh cervical nerves. It 
pierces the Coracobrachialis and passes obliquely between the Biceps brachii 
and the Brachialis to the lateral side of the arm ; a little below the elbow 
it pierces the deep fascia lateral to the tendon of the Biceps brachii and is 
continued into the forearm as the lateral antibrachial ' cutaneous nerve. In 
its course through the arm it supplies the Coracobrachialis, Biceps brachii, 
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and the greater part of the Braehialis. The branch to the Coracobrachial! s 
leaves the musculocutaneous nerve before that nerve enters the muscle ; it 
receives its fibres from the seventh cervical nerve, and in some instances arises 


Fig. 911. — The cutaneous nerves of 
the right upper extremity. Anterior 
aspect. 



Fig. 912. — A diagram showing the seg- 
mental distribution of the cutaneous 
nerves of the right upper extremity. 
Anterior aspect. 



directly from the lateral cord of the brachial plexus. The branches to the 
Biceps brachii and Braehialis leave the musculocutaneous nerve after it has 
pierced the Coracobrachialis ; that supplying the Braehialis gives a filament 
to the elbow- joint. The nerve also sends a small branch to the humerus ; 
this branch enters the bone with the nutrient artery. 

The lateral antibrachial cutaneous nerve (fig. 911) passes behind the cephalic 
vein," and descends along the radial border of the forearm to the wrist. It 
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supplies the skin over the lateral half of the volar surface of the forearm and 
distributes branches 'which turn round the radial border of the forearm to 
communicate with the dorsal antibrachial cutaneous nerve and the superficial 
branch of the radial nerve. At the wrist- joint it is placed in front of the radial 
artery, and some filaments, piercing the deep fascia, accompany that vessel 
to the dorsal surface of the carpus. " The nerve then passes downwards to the 
ball of the thumb, where it ends in cutaneous filaments. It communicates with 
the superficial branch of the radial nerve, and with the palmar cutaneous 
branch of the median nerve. 

The musculocutaneous nerve presents frequent irregularities. It may pass 
under the Coracobrachialis or through the Biceps brachii. It may adhere for 
some distance to the median nerve and then pass beneath the Biceps brachii instead 
of through the Coracobrachialis. Some of the fibres of the median nerve may 
run for some distance in the musculocutaneous nerve and then leave the latter to 
join their proper trunk ; less frequently the reverse is the case, and the median nerve 
sends a branch to join the musculocutaneous nerve. Occasionally it gives a filament 
to the Pronator teres. It supplies the dorsal surface of the thumb when the 
superficial branch of the radial nerve is absent. 

The medial antibrachial cutaneous nerve (internal cutaneous nerve) 
(fig. 915) arises from the medial cord of the brachial plexus. It derives its 
fibres from the eighth cervical and first thoracic nerves, and at its commence- 
ment is placed between the axillary artery and vein. Near the axilla it supplies 
a filament which pierces the fascia and is distributed to the skin covering the 
Biceps brachii, almost as far as the elbow. The nerve then funs down the 
arm on the medial side of the brachial artery, pierces the deep fascia with 
the basilic vein, about the middle of the arm, and divides into a volar and 
an ulnar branch. 

The volar branchy the larger, passes usually in front of, but occasionally 
behind, the median cubital vein (median basilic vein). It then descends on 
the front of the medial side of the forearm, distributing filaments to the skin 
as far as the wrist, and communicating with the palmar cutaneous branch 
of the ulnar nerve (fig. 911). 

The ulnar branch passes obliquely downwards on the medial side of the 
basilic vein, in front of the medial epicondyle of the humerus, winds round to the 
hack of the forearm, and descends on its medial side as far as the wrist, dis- 
tributing filaments to the skin. It communicates with the medial brachial 
cutaneous nerve, the dorsal antibrachial cutaneous branch of the radial nerve, 
and the dorsal branch of the ulnar nerve (fig. 913). 

The medial brachial cutaneous nerve (lesser internal cutaneous nerve, 
or nerve of Wrisherg) is distributed to the skin on the medial side of the arm 
(fig. 911). It is the smallest branch of the brachial plexus, and, arising from 
the medial cord, receives its fibres from the eighth cervical and first thoracic 
nerves. It passes through the axilla and crosses in front of, or behind, the 
axillary vein. It then runs on the medial side of this vein, and communicates 
with the intercostobrachial nerve. It descends along the medial side of the 
brachial artery to the middle of the arm, where it pierces the deep fascia, and 
is distributed to the skin of the dorsal surface of the lower one-third of the 
arm, extending as far as the elbow, where some filaments are lost in the skin 
in front of the medial epicondyle, and others over the olecranon. It communi- 
cates with the ulnar branch of the medial antibrachial cutaneous nerve. 

In some cases the medial brachial cutaneous and intercostobrachial nerves are con- 
nected by two or three filaments, which form a plexus in the axilla. In other cases the 
intercostobrachial nerve is large and may be reinforced by a part of the lateral cutaneous 
branch of the third intercostal nerve; it then takes the place of the medial brachial 
cutaneous nerve, receiving from the brachial plexus a communicating filament which 
represents the latter nerve ; in a few eases this filament is wanting. 

The median nerve (fig. 915) arises by two roots, one from the lateral and 
the other from the medial cord of the brachial plexus ; these embrace the lower 
part of the axillary artery, uniting either in front or on the lateral side of 
that vessel. Its fibres are derived from the sixth, seventh, and eighth cervical 
and first thoracic nerves. As the median nerve descends through the arm, 
it lies at first lateral to the brachial artery ; about the level of the insertion of 
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the Coracobrachialis it crosses in front of, occasionally behind, the artery, 
and lies medial to it at the bend of the elbow, where it is situated behind the 
lacertus fibrosus (bicipital fascia), and is separated from the elbow- joint by the 

Big. 913. — The cutaneous nerves of Fig. 914. — A diagram showing the segmental 

the right upper extremity. Pos- distribution of the cutaneous nerves of the 

terior aspect. right upper extremity. Posterior aspect. 



Median 0. 5, 6, 7, 8 


Rrachialis. It enters the forearm between the two heads of the Pronator teres 
and then crosses the ulnar artery, but is separated from this vessel by the 
deep head of the Pronator teres. It descends beneath, and adheres to, the Flexor 
digitorum sublimis, lying on the Flexor digitorum profundus, to within 5 cm. 
of the transverse carpal ligament ; here it becomes more superficial, and is 
between the tendons, ol the Flexor digitorum sublimis and Flexor 
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carpi radialis. In this situation it lies beneath, and rather to the lateral side of, 
the tendon of the Palmaris longus, and is covered by the skin and fascia. It 
then passes behind the transverse carpal ligament into the palm of the hand. 
In its course through the forearm it is accompanied by the median artery, a 
branch of the volar interosseous artery. 

Branches. — With the exception of the nerve to the Pronator teres, which 
derives its fibres from the sixth cervical nerve, and usually arises above the 
elbow- joint, the median nerve gives no branches in the arm. As it passes 
in front of the elbow, it supplies one or two twigs to the joint. 

In the forearm its branches are : muscular, volar interosseous, and palmar. 

The muscular branches are derived from the nerve near the elbow and supply 
m all the superficial muscles on the front of the forearm, except the Flexor carpi 
* ulnaris. 

The volar interosseous nerve (anterior interosseous nerve) accompanies the 
volar interosseous artery along the front of the antibrachial interosseous mem- 
brane, in the interval between the Flexor pollicis longus and Flexor digitorum 
profundus, supplying the whole of the former and the lateral half of the latter 
muscle ; it sends branches into the deep surface of the Pronator quadratus, and 
ends in the wrist- joint. 

The palmar branch of the median nerve arises at the lower part of the forearm. 
It pierces the volar carpal ligament, and divides into a lateral and a medial 
branch ; the lateral branch supplies the skin over the ball of the thumb, and 
communicates with the volar branch of the lateral antibrachial cutaneous 
nerve ; the medial branch supplies the skin of the palm, and communicates 
with the palmar cutaneous branch of the ulnar nerve. 

In the palm of the hand the median nerve is covered by the skin, the palmar 
aponeurosis and the superficial volar arch, and rests on the tendons of the 
flexor muscles. Immediately after emerging from under the transverse carpal 
ligament' it becomes enlarged and flattened, and splits into a lateral and a 
medial portion. The lateral portion of the nerve supplies a short, stout branch 
to the following muscles of the ball of the thumb, viz. the Abductor brevis, 
the Opponens, and the superficial head of the Flexor brevis, and then divides 
into three proper volar digital nerves ; two of these supply the sides of the 
thumb, while the third gives a twig to the first Lumbricalis and is distributed 
to the radial side of the index finger. The medial portion of the nerve divides 
into two common volar digital nerves. The first of these gives a twig to the 
second Lumbricalis and runs towards the cleft between the index and middle 
fingers, where it divides into two proper digital nerves for the adjoining sides 
of these digits. The second runs towards the cleft between the middle and 
ring fingers, and splits into two proper digital nerves for the adjoining sides 
of these digits ; it receives a branch from the ulnar nerve, and sometimes 
sends a twig to the third Lumbricalis. 

Opposite the base of the first phalanx, each proper digital nerve gives off 
a dorsal branch which joins the dorsal digital nerve from the superficial branch 
of the radial nerve, and supplies the skin on the dorsal surface of the last 
phalanx. At the end of the digit, each proper digital nerve divides into two 
branches ; one supplies the pulp of the finger, the other ramifies around and 
beneath the nail. On the fingers the proper digital nerves are superficial to the 
corresponding arteries. 

The ulnar nerve (fig. 915) arises from the medial cord of the brachial plexus, 
and derives its fibres from the seventh and eighth cervical and first thoracic 
nerves.* It lies medial to the axillary artery, and to the brachial artery as far as 
the middle of the arm. Here it pierces the medial intermuscular septum, and 
descends in front of the medial head of the Triceps brachii, to the groove 
between the medial epicondyle and the olecranon, accompanied by the 
superior ulnar collateral artery. At the elbow, it lies in the sulcus nervi ulnaris 
on the back of the medial epicondyle, and enters the forearm between the two 

* Wilfred Harris {Journal of Anatomy , vol. xxxviii.) found a branch running from the seventh 
cervical nerve to the ulnar nerve in 86 per cent, of subjects, and believed, on clinical grounds, 
that the fibres of this branch were mainly motor to the Plexor carpi ulnaris. 

E. A. Linell ( Journal of Anatomy , vol. lv.) found a considerable bundle of seventh cervical 
nerve-fibres running from the lateral head of the median nerve to the ulnar nerve in 57 per cent, 
of subjects. 
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heads of the Flexor carpi ulnaris. It descends along the medial side of the 
forearm, lying upon the Flexor digitorum profnndus ; its upper half is covered 
by the Flexor carpi ulnaris ; its lower half lies on the lateral side of this muscle, 
and is covered by the skin and fascia. In the upper one-third of the forearm, the 
ulnar nerve is separated from the ulnar artery by a considerable interval, but 
in the rest of its extent it lies close to the medial side of the artery. About 5 cm. 
above the wrist it divides into a dorsal and a volar branch. 

The branches of the ulnar nerve are : articular to the elbow- joint, muscular, 
palmar cutaneous, dorsal, and volar. 

The articular branches to the elbow- joint are several small filaments which 
arise from the nerve as it lies between the medial epicondyle and olecranon. 

The muscular branches , two in number, arise near the elbow ; one supplies 
the Flexor carpi ulnaris ; the other, the medial half of the Flexor digitorum 
profundus. 

The palmar cutaneous branch arises about the middle of the forearm, and 
descends on the ulnar artery, giving some filaments to the vessel. It perforates 
the volar carpal ligament and ends in the skin of the palm, communicating 
with the palmar branch of the median nerve. 

The dorsal branch arises about 5 cm. above the wrist ; it passes backwards 
beneath the Flexor carpi ulnaris, perforates the deep fascia, and, ru nni ng 
along the medial side of the back of the wrist and hand, divides into two dorsal 
digital branches : one supplies the medial side of the little finger ; the other, 
the adjacent sides of the little and ring fingers. It also sends a twig to join 
that given by the superficial branch of the radial nerve for the adjoining sides 
of the middle and ring fingers, and assists in supplying them. A branch is 
distributed to the metacarpal region of the hand, communicating with a twig 
of the superficial branch of the radial nerve (fig. 913). On the little finger the 
dorsal digital branches extend only as far as the base of the terminal phalanx, 
and on the ring finger as far as the base of the second phalanx ; the more distal 
parts of these digits are supplied by dorsal branches derived from the proper 
volar digital branches of the ulnar nerve. 

The volar branch crosses the transverse carpal ligament on the lateral side 
of the pisiform bone, medial to and a little behind the ulnar artery. It ends 
by dividing into a superficial and a deep branch. The superficial branch supplies 
the Palmaris brevis and the skin on the medial side of the hand, and divides 
into a proper volar digital branch for the medial side of the little finger, and a 
common volar digital branch wdiich sends a twig to join the median nerve and 
then divides into two proper digital nerves for the adjoining sides of the little 
and ring fingers (fig. 911). The proper digital branches are distributed to the 
fingers in the same manner as those of the median nerve. The deep branch , 
accompanied by the deep volar branch of the ulnar artery, passes between the 
Abductor digiti quinti and Flexor digiti quinti brevis ; it then perforates the 
Opponens digiti quinti and follows the course of the deep volar arch beneath 
the flexor tendons. At its origin it supplies the three short muscles of the little 
finger.^ As it crosses the hand, it gives branches to all the Interossei and to 
the third and fourth Lumbricales ; it ends by supplying the Adductor pollicis 
and the deep portion of- the Flexor pollicis brevis. It also sends articular 
filaments to the wrist- joint. 

It has been pointed out that the medial part of the Flexor digitorum profundus is 
supplied by the ulnar nerve ; the third and fourth Lumbricales, which are connected with 
the tendons of this part of the muscle, are supplied by the same nerve. In like manner 
the lateral part of the Flexor digitorum profundus and the first and second Lumbricales 
are supplied by the median nerve. The third Lumbricalis frequently receives an addi- 
tional twig from the median nerve. 

The radial nerve (musculospiral nerve) (fig. 916), the largest branch of the 
brachial plexus, derives its fibres from the fifth, sixth, seventh, and eighth 
cervical and first thoracic nerves. It descends behind the third part of the 
axillary artery and the upper part of the brachial artery and in front of the 
tendons of the Latissimus dodsi and Teres major. Accompanied by the arteria 
profunda brachii it inclines backwards ftetween, the long and medial heads of 
the Triceps brachii, and passes obliquely across the back of the humerus in 
the sulcus nervi radialis, and under cover of the lateral head of the Triceps 
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brachii. On reaching the lateral side of the humerus it pierces the lateral 
intermuscular septum, and passes between the Brachialis and Brachioradialis 
to the front of the lateral 


epicondyle, where it di- 
vides into a superficial and 
a deep branch. 

The branches of the 
radial nerve are : muscular, 
cutaneous, superficial, and 
deep. 

The muscular branches 
supply the Triceps brachii, 
Anconseus, Brachioradialis, 
Extensor carpi radialis 
longus, and Brachialis, and 
are grouped as medial, 
posterior, and lateral. 

The medial muscular 
branches supply the medial 
and long heads of the 
Triceps brachii ; that to 
the medial head is a long, 
slender filament, which lies 
close to the ulnar nerve as 
far as the lower one-third 
of the arm, and is there- 
fore frequently spoken of 
as the ulnar collateral nerve. 

The posterior muscular 
branch, of large size, arises 
from the nerve as it lies 
in the sulcus nervi radialis. 
It divides into filaments 
which supply the medial 
and lateral heads of the 
Triceps brachii and the 
Anconseus. The branch' 
for the latter muscle is a 
long nerve which descends 
in the substance of the 
medial head of the Triceps 
brachii, and gives numer- 
ous branches to it. It is 
accompanied by the middle 
collateral branch of the 
arteria profunda brachii, 
and crosses the back of 
the elbow- joint to end in 
the Anconaeus. 

The lateral muscular 
branches supply the 
Brachioradialis, Extensor 
carpi radialis longus, and 
the lateral part of the 
Brachialis. 


Fig. 916. — The right suprascapular, axillary, and 
radial nerves. 



The cutaneous branches are two, the posterior brachial cutaneous and the 
dorsal antibrachial cutaneous. 

The posterior brachial cutaneous nerve (internal cutaneous branch of the 
musculospiral nerve), of small size, arises in the axilla. It runs to the medial 
side of the arm and supplies the skin on its dorsal surface nearly as far as the 
olecranon. It crosses posterior to, and communicates with, the intercosto- 
brachial nerve. 


The dorsal antibrachial cutaneous nerve (external cutaneous branch of the 
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museulospiral nerve) consists of an upper and a lower branch, which perforate 
the lateral head of the Triceps brachii just below the insertion of the Deltoideus. 
The upper and smaller branch passes to the front of the elbow, lying close to the 
cephalic vein, and supplies the skin of the lateral part of the lower half of the 
arm (fig. 911). The lower branch descends along the lateral side of the arm, 
and then along the back of the forearm to the wrist, supplying the skin in its 
course, and joining, near its termination, with dorsal branches of the lateral 
antibrachial cutaneous nerve (fig. 913). 

The superficial branch of the radial nerve (radial nerve) passes along 
the front of the lateral side of the upper two-thirds of the forearm, and ends 
on the back of the hand. It lies at first upon. the Supinator, lateral to the radial 
artery, and behind the Brachioradialis. In the middle one-third of the forearm, 
it lies behind the latter muscle, close to the lateral side of the artery. It quits 
the artery about 7 cm. above the wrist, passes beneath the tendon of the Brachio- 
radialis, and, piercing the deep fascia, divides into a lateral and a medial branch 
(fig. 913). The lateral branch , the smaller, supplies the skin of the radial side and 
ball of the thumb, joining with branches of the lateral antibrachial cutaneous 
nerve. The medial branch communicates, above the wrist, with dorsal branches 
of the lateral antibrachial cutaneous nerve, and, on the back of the hand, with 
the dorsal branch of the ulnar nerve. It then divides into four digital nerves, 
which are distributed as follows : the first supplies the medial side of the 
thumb ; the second, the lateral side of the index finger ; the third, the adjoining 
sides of the index and middle fingers ; the fourth comnxunicates with a filament 
from the dorsal branch of the ulnar nerve, and supplies the adjoining sides of 
the middle and ring fingers.* 

The deep branch of the radial nerve (posterior interosseous nerve) winds 
to the back of the forearm round the lateral side of the radius between the 
two planes of fibres of the Supinator. Before reaching the back of the limb 
it gives a branch to the Extensor carpi radialis brevis, and another to the 
Supinator, and as it traverses this latter muscle it supplies additional branches 
to it. As it escapes from the Supinator on the back of the forearm it gives 
three short branches to the Extensor digitorum communis, Extensor digiti 
quinti proprius and Extensor carpi ulnaris, and two long branches— a medial 
to the Extensor pollicis longus and the Extensor indicis proprius, and a lateral 
which supplies the Abductor pollicis longus and ends in the Extensor pollicis 
brevis. The nerve, now diminished to a fine thread, descends, as the dorsal 
interosseous nerve , on the antibrachial interosseous membrane, in front of the 
Extensor pollicis longus, to the back of the carpus, where it presents a gangliform 
enlargement from which filaments are distributed to the ligaments and arti- 
culations of the carpus. 

Applied Anatomy . — The brachial plexus may be injured by falls from a height on to 
the side of the head and shoulder, whereby the nerves of the plexus are violently 
stretched ; the fifth cervical nerve sustains the greatest amount of injury, and the sub- 
sequent paralysis may be confined to the muscles supplied by this nerve, viz. the 
Deltoideus, Biceps brachii, Brachialis, and Brachioradialis, with sometimes the Supra- 
spinatus, Infraspinatus and Supinator. The position of the limb, under such conditions, 
is characteristic: the arm hangs by the side and is rotated inwards; the forearm is 
extended and pronated. The arm cannot be raised from the side; all power of flexion of 
the elbow is lost, as is also supination of the forearm. This is known as Erb’s paralysis, 
and a very similar condition is occasionally met with in^E^w-Iydrir children, either horn 
injury to the fifth nerve from the pressure of forceps used in effecting delivery, or from 
traction of the head in breech presentations. A second variety of partial palsy of the 
brachial plexus is known as Klumpke’s paralysis. In this it is the eighth cervical and 
first thoracic nerves that are injured, either before or after they have- joined to form the 
lower trunk. Atrophy follows in the intrinsic muscles of the hand, mui in r he flexors of 
the fingers and wrist ; the thenar and hypothenar eminences waste and flatten ; the fingers 
cannot be spread out or approximated, on account of the paralysis of the Interossei, and 
become clawed. 

A The brachial plexus may also be injured by direct violence or a gunshot wound, by 
violent traction on the arm, or by efforts at reducing a dislocation of the shoulder- joint ; 

♦ According to Hutchison, the digital nerve to the thumb reaches only as far as the root 
of the nail ; the one to the forefinger as far as the middle of the second phalanx ; and those 
to the middle and ring fipgers not farther than the first phalangeal joints. — London Hospital 
Gazette, vol. iii. p. & 19 . .. . .. 
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and tlie amount of paralysis will depend upon the amount of injury to the constituent 
nerves. When the entire plexus is involved, the whole of the upper extremity will be 
paralysed and anaesthetic. In some cases the injury appears to be rather a tearing away 
of the roots of the nerves from the medulla spinalis than a rupture of the nerves themselves. 
The brachial plexus in the axilla is often damaged from the pressure of a crutch, producing 
the condition known as ‘ crutch paralysis . 5 In these cases the radial (musculospiral) is 
the nerve , most frequently implicated ; the ulnar nerve suffers next in frequency. The 
median and radial nerves often suffer from ‘sleep palsies,’ paralysis from pressure coming 
•on while the. patient is profoundly. asleep,, under the influence of alcohol or. some narcotic. 
"“‘"’Paralysis of the long thoracic nerve throws the Serratus anterior out of action, and 
may occur in porters in whom the nerve is exposed to injury as it crosses the posterior 
triangle of the neck. The inferior angle of the scapula is drawn towards the middle line, 
by the unopposed action of the Rhomboidei and Levator scapulas, and tends to project 
backwards when the arm is held horizontally forwards. The arm cannot be raised above 
the horizontal unless the inferior angle of the scapula is pushed lateralwards for the 
patient. 

The axillary ( circumflex ) nerve , on account of its course round the surgical neck of 
the humerus, is liable to be torn in fractures of this part of the bone, and in dislocations 
of the shoulder-joint ; paralysis of the Leltoideus, and anaesthesia of the skin over the 
lower part of that muscle, result. According to Erb, inflammation of the should or- joint- is 
liable to be followed by a neuritis of this nerve from extension of the inflammation to it. 
Paralysis of the Deltoideus renders abduction of the arm to the horizontal level impossible. 
The associated paralysis of the Teres minor is not easily demonstrated. 

Hilton gave the axillary nerve as an illustration of a law which he laid down, that 
‘ the same trunks of nerves whose branches supply the groups of muscles moving a joint, 
furnish also a distribution of nerves to the skin over the insertions of the same muscles, 
and the interior of the joint receives its nerves from the same source.’ In this way he 
■explains the fact that an inflamed joint becomes rigid. 

*J^AThe median nerve is liable to injury in wounds of the forearm. In such cases there 
'Ts loss of Hexion of the second phalanges of all the fingers,. ancLof the terminal phalanges 
of tiie index and middle fingers. Flexion of the terminal phalanges of the ring and little 
fingers is effected by that portion of the Flexor digitorum profundus which is supplied 
by the ulnar nerve. There is power to flex the proximal phalanges through the Interossei. 
The thumb cannot be flexed or opposed, and is maintained in a position of extension and 
adduction. There is loss in the power of pronating the forearm ; the Brachioradialis has 
the power of bringing the forearm into a position of mid-pronation, but beyond this no 
further pronation can be effected. The wrist can be flexed, if the hand is first adducted 
by the action of the Flexor carpi ulnaris. There is loss or impairment of sensation on 
the volar surfaces of the thumb, index, middle, and radial half of the ring fingers, and on 
the dorsal surfaces of the same fingers over the last two phalanges; except in the thumb, 
where the loss of sensation would be limited to the back of the distal phalanx. In old 
cases the unopposed action of the Interossei produces backward dislocation of the inter- 
phalangeal joints. The thumb is extended and adducted to the index finger, cannot be 
flexed or abducted, and cannot be opposed to any one of the fingers; in consequence an 

* ape-like’ hand is produced. More commonly, however, the nerve is injured just above 
the annular ligament, when the power of flexion of the fingers and pronation of the fore- 
arm remains intact unless the flexor tendons are also divided. This injury seriously 
interferes with the use of the hand, as, besides the wasting of the muscles of the thenar 
eminence, great trouble is experienced from the trophic changes which result about the 
skin and nails of the fingers, which are anaesthetic. In order to expose the median nerve, 
for the purpose of uniting the divided ends, supposing the injury to be just above the 
wrist, an incision should be made along the radial side of the tendon of the Palmaris 
longus, which serves as a guide to the nerve. 

The ulnar nerve is also liable to be injured in wounds of the forearm, such injury lead- 
ing to impaired power of ulnar flexion, and upon an attempt being made to flex the wrist, 
the hand is drawn to the radial side from paralysis of the Flexor carpi ulnaris ; there is 
inability to spread out the fingers from paralysis of the Interossei, and for the same reason 
the fingers, especially the ring and little fingers, cannot be flexed at the metacarpo- 
phalangeal joints or extended at the interphalangeal joints, and the hand assumes a claw 
shape from the action of the opposing muscles ; there is loss of power of flexion in the 
little and ring fingers; and there is inability to adduct the thumb. The muscles of the 
hypothenar eminence become wasted. Sensation is lost, or impaired, in the skin supplied 
by the nerve. In order to expose the nerve in the lower part of the forearm, an incision 
should be made along the radial border of the tendon of the Flexor carpi ulnaris, and the 
nerve will be found lying on the medial side of the ulnar artery. This nerve may be also 
affected in cases of dislocation of the shoulder or fracture of the surgical neck of the 
humerus. Wasting of the muscles which it supplies is not uncommonly seen, where a 

* cervical rib ’ is present, the lower end of the plexus passing between this and the first 
thoracic rib. 

The radial ( musculospiral ) nerve is also frequently injured. In consequence of its 
.close relationship to the humerus, it is often torn or injured in fractures of this bone, or 
subsequently involved in the callus that may be thrown out around a fracture, and thus 
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pressed upon and its functions interfered with. It is also liable to be contused against 
the bone by kicks or blows, or to be divided in wounds of the arm. When paralysed, the 
hand is flexed at the wrist and lies flaccid. This is known as wrist-drop. The fingers are 
also flexed, and on an attempt being made to extend them, the last two phalanges only 
will be extended, through the action of the Lumbricales and Interossei; the first 
phalanges remaining flexed. There is no power of extending the wrist. Supination 
is completely lost when the forearm is extended on the arm, but is possible to a certain 
extent if the forearm be flexed so as to allow of the action of the Biceps brachii. The 
power of extension of the forearm is lost on account of paralysis of the Triceps brachii, if 
the injury to the nerve has taken place near its origin.* In cases due to pressure, sensation 
is hardly affected; severe injury to the nerve occasions anaesthesia over the area supplied 
by the superficial branch of the radial nerve, and, if the lesion be high up, on the lateral 
side of the upper arm and the back of the forearm (posterior brachial and dorsal anti- 
brachial cutaneous branches) as well. The muscles supplied by the deep branch of the 
radial nerve are also particularly liable to be affected in chronic lead-poisoning; here the 
affection is probably in the cells of the anterior column of the medulla spinalis.* 

The radial nerve is best exposed by making an incision along the medial border of the 
Brachioradialis, just above the level of the elbow-joint. The skin and superficial fascia 
are to be divided and the deep fascia exposed. The white line in the fascia indicating the 
border of the muscle is to be defined, and the deep fascia divided in this line. On 
raising the Brachioradialis, the nerve will be found lying between it and the Brachialis. 
Incisions down to the neck of the radius posteriorly or on the lateral side should never be 
made, as the deep branch of the radial nerve would be severed. 

The distribution of the cutaneous nerves on the hand and fingers is subject to con- 
siderable variation, and a knowledge of these is of some clinical importance. Stopford,f 
from an investigation of 1000 cases of gunshot wounds of the upper extremity, has 
described and tabulated most of the variations. Speaking generally the arrangement 
on the volar surface is fairly constant and conforms to that described in this text. On 
the dorsum of the hand and fingers there is greater variability, chiefly on the radial 
side where the superficial radial, the dorsal antibrachial cutaneous, and the lateral 
antibrachial cutaneous nerves all contribute in varying amounts to the supply. 


THE ANTERIOR DIVISIONS OE THE THORACIC NERVES 

The anterior divisions of the thoracic nerves (fig. 917) are twelve in 
number on either side. Eleven of them are situated between the ribs, and 
are therefore termed intercostal ; the twelfth lies below the last rib. Each 
nerve is connected with the adjoining ganglion of the sympathetic trunk by a, 
grey and a white ramus communicans. The intercostal nerves are distributed 
chiefly to the parietes of the thorax and abdomen, and differ from the anterior 
divisions of the other spinal nerves, in that each pursues an independent 
course, i.e. there is no plexus formation. The first two nerves supply fibres 
to the upper limb in addition to their thoracic branches ; the next four are 
limited in their distribution to the parietes of the thorax ; the lower five supply 
the parietes of the thorax and abdomen ; the lower seven supply both motor 
and sensory fibres to the Diaphragm ; the twelfth is distributed to the abdo- 
minal wall and the skin of the buttock. 

The first thoracic nerve.— The anterior division of the first thoracic 
nerve divides into a large and a small branch. The large branch ascends in 
front of the neck of the first rib on the lateral side of the arteria intercostalis 
suprema, and enters the brachial plexus (p. 935). The small branch is the 
first intercostal nerve ; it runs along the first intercostal space, and ends on 
the front of the chest as the first anterior cutaneous branch of the thorax. 
Occasionally this anterior cutaneous branch is wanting. The first intercostal 
nerve as a rule gives off no lateral cutaneous branch ; but sometimes it sends 
a small branch to communicate with the intercostobrachial. The first thoracic 
nerve frequently receives a connecting twig from the second nerve ; this twig 
ascends over the neck of the second rib. 

The upper thoracic nerves.— The anterior divisions of the second, third, 
fourth, fifth, and sixth thoracic nerves pass forwards (fig. 918) in the intercostal 
spaces below the intercostal vessels. At the back of the chest they He between 
the pleura and the posterior intercostal membranes, but soon pierce the latter 

* Consult an article on ‘ Voluntary movements in cases of nerve lesions,’ by F. Wood Jones, 
Journal of Anatomy, vol. liv. part i. 

f J- S. B. Stopford, Journal of Anatomy, vol. liii. Oct. 1918. 
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and run between the two planes of Intercostal muscles as far as the middle of 
the rib. They then enter the substance of the Intercostales intern!, and, 
running amidst their fibres as far as the costal cartilages, they gain the inner 
surfaces of the muscles and he between them and the pleura. Near the sternum , 
they cross in front of the internal mammary artery and Transversus thoracis 
muscle, pierce the Intercostales interni, the anterior intercostal membranes, 
and the Pectoralis major, and are now named the anterior cutaneous iierves of 
the thorax ; they supply the skin of the mamma and of the front of the thorax ; 
the branch from the second nerve unites with the anterior supraclavicular 
nerves of the cervical plexus. 


Fig. 917. — A diagram showing the distribution of the cutaneous nerves on the 

front of the trunk. 


S upracla vicular n e rves 



Branches. — Numerous slender muscular filaments supply the Intercostales, 
the Subcostales, the Levatores costarum, the Serratus posterior superior, and 
the Transversus thoracis. At the front of the thorax some of these branches 
cross the costal cartilages from one intercostal space to another. 

Each of these intercostal nerves, except the first, sends off a lateral cutaneous 
branch , about midway between the vertebral column and the sternum. These 
branches pierce the Intercostales externi, pass between the digitations of the 
Serratus anterior, and, with the exception of the lateral cutaneous branch of 
the second intercostal nerve, divide into anterior and posterior branches. 
The anterior branches run forwards over the border of the Pectoralis major and 
supply twigs to the skin and the mamma ; those of the fifth and sixth nerves 
supply twigs to the upper digitations of the Obliquus externus abdominis. The 
posterior branches run backwards, and supply the skin over the scapula and 
Latissimus dorsi. 

The lateral cutaneous branch of the second intercostal nerve is named 
the intercostobracMal nerve (fig. 915). It crosses the axilla to the medial side 
of the arm, and joins with a filament from the medial brachial cutaneous nerve. 
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It then pierces the fascia brachii, and supplies the skin of the upper half of 
the medial and posterior parts of the arm, communicating with the posterior 
brachial cutaneous branch of the radial nerve. The size of the intercostobrachial 
nerve is in inverse proportion to that of the medial brachial cutaneous nerve. 
A second intercostobrachial nerve is frequently given off from the anterior 
part of the lateral cutaneous branch of the third intercostal nerve ; it supplies 
filaments to the axilla and medial side of the arm. 

The lower thoracic nerves. — The anterior divisions of the seventh, 
eighth, ninth, tenth, and eleventh thoracic nerves are continued anteriorly 
from the intercostal spaces into the abdominal wall. They have the same 
arrangement as the upper ones as far as the anterior ends of the intercostal 
spaces, where they pass between the origins of the Diaphragm and the Trans- 
versus abdominis into the abdominal wall, and running forwards between the 


Era 918 . — A diagram of the course and branches of a typical intercostal nerve. 



Obliquus interims and Transversus abdominis, enter tbe sheath of the Rectus 
abdominis. They supply the Rectus abdominis and end as the anterior 
cutaneous nerves , which are distributed to the skin of the front of the abdomen. 
The lower intercostal nerves supply the Intercostales and the abdominal 
muscles, and ^ the last three send branches to the Serratus posterior inferior. 
About the middle of their course they give off lateral cutaneous branches ; these 
pierce the Intercostales externi and the Obliquus extemus abdominis, in the 
same line as the lateral cutaneous branches of the upper thoracic nerves, and 
divide into anterior and posterior branches, which are distributed to the skin 
+ I? 6 abdomen and back respectively ; the anterior branches also supply twigs 
to the digitations of the Obliquus externus abdominis, and extend downwards 
and forwards nearly as far as the margin of the Rectus abdominis ; the posterior 
Dranches pass backwards to supply the skin over the Latissimus dorsi. 

The anterior division of the twelfth thoracic nerve is larger than the 
otners, and often gives a communicating branch to the first lumbar nerve. It 
accompanies the subcostal artery along the lower border of the twelfth rib, and 
passes under the lateral lumbocostal arch. It then runs behind the kidney, 
and m front of the upper part of the Quadratus lumborum, perforates the pos- 
tenor aponeurosis of the Transversus, and passes forwards between that 
muscle and the Obliquus internus, to be distributed in the same manner as the 
lower intercostal nerves. It communicates with the iliohypogastric nerve of 
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the lumbar plexus, and gives a branch to the Pvramidalis. The lateral 
cutaneous branch of the twelfth thoracic nerve pierces the Obliquus interims 
and Obliquus externus, gives a twig to the lowest slip of the latter muscle, 
descends over the iliac crest about 5 cm. behind the anterior superior iliac 
spine (fig. 925), and is distributed to the skin of the front part of the buttock, 
some of its filaments reaching as low as the greater trochanter of the femur. 

Applied Anatomy . — The lower seven thoracic nerves and the iliohypogastric branch of 
the first lumbar nerve supply the skin of the abdominal wall. They run downwards and 
forwards fairly equidistant from each other. The^sixth. and seventh supply the. skin over 
theJj>it..of.. the. stomach * ; the eighth corresponds to a bom. zha position of the middle 
tendinous inscription of the Rectus abdominis ; the tenth to the umbilicus ; the iliohypo- 
gastric supplies the skin over the os pubis and’ VuBc ut ane o us inguinal ring. In many 
diseases affecting the nerve-trunks at or near their origins, the pain is referred to their 
peripheral terminations. Thus, in Pott’s disease of the vertebrae, children often suffer 
from pain in the abdomen. When the irritation is confined to a single pair of nerves, the 
sensation complained of is often a feeling of constriction, as if a cord were tied round the 
abdomen, and in these cases the situation of the sense of constriction may serve to localise 
the disease in the vertebral column. Where the bone disease is more extensive and two 
or more nerves are involved, a more general, diffused pain in the abdomen is felt. 

Again, it must be borne in mind that the nerves which supply the skin of the abdomen 
supply also the planes of muscle which constitute the greater part of the abdominal wall. 
Hence, any irritation applied to the peripheral ends of the cutaneous branches in the skin 
of the abdomen is immediately followed by reflex contraction of the abdominal muscles. 
The supply of both muscles and skin from the same source is of importance in protecting 
the abdominal viscera from injury. A blow on the abdomen, even of a severe character, 
will do no injury to the viscera if the muscles are in a condition of firm contraction; 
whereas in cases where the muscles have been taken unawares, and the blow has been 
struck while they were in a state of rest, an injury insufficient to produce any lesion of the 
abdominal wall has been attended with rupture of some of the abdominal contents. The 
importance, therefore, of immediate reflex contraction upon the receipt of an injury 
cannot be overestimated, and the intimate association of the cutaneous and muscular 
fibres in the same nerve produces a much more rapid response on the part of the muscles 
to any peripheral stimulation of the cutaneous filaments than would be the case if the two 
sets of fibres were derived from independent sources. 

The nerves supplying the abdominal muscles and skin , derived from the lower inter- 
costal nerves, are intimately connected with the sympathetic supplying the abdominal 
viscera through the lower thoracic ganglia from which the splanchnic nerves are derived. 
In consequence of this, in laceration of the abdominal viscera and in acute peritonitis, 
the muscles of the belly wall become firmly contracted, and thus as far as possible pre- 
serve the abdominal contents in a condition of rest. 


THE ANTERIOR DIVISIONS OE THE LUMBAR NERVES 

The anterior divisions of the lumbar nerves increase in size from the 
first to the last. They are joined, near their origins, by grey rami communicantes 
from the lumbar ganglia of the sympathetic trunk. These rami consist of 
long, slender branches which accompany the lumbar arteries round the sides 
of the vertebral bodies, beneath the Psoas major. Their arrangement is 
somewhat irregular : one ganglion may give rami to two lumbar nerves, or 
one lumbar nerve may receive rami from two ganglia. The first and second, 
and sometimes the third and fourth, lumbar nerves are each connected with 
the lumbar part of the sympathetic trunk by a white ramus communicans. 

The anterior divisions of the lumbar nerves pass obliquely outwards behind 
the Psoas major, or between its fasciculi. The first three nerves and the 
greater part of the fourth, form the lumbar plexus. The smaller part of the 
fourth nerve joins with the fifth to form the lumbosacral trunk , which assists 
in the formation of the sacral plexus. The fourth nerve is named the nervus 
furcalis, from the fact that it is subdivided between the two plexuses.* 

* In most cases the fourth lumbar is the nervus furcalis ; hut this arrangement is frequently 
departed from. The third is occasionally the lowest nerve which enters the lumbar plexus, 
giving at the same time some fibres to the sacral plexus, and thus forming the nervus furcalis ; 
or both the third and fourth may be furcal nerves. When this occurs, the plexus is termed 
high or prefixed* More frequently the fifth nerve is divided between the lumbar and sacral 
plexuses, and constitutes the nervus furcalis ; and when this takes place, the plexuses distin- 
guished as a low or postfixed plexus. These variations necessarily produce corresponding modi- 
fications in the sacral plexus. 
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The Lumbar Plexus 

The lumbar plexus (fig. 919) is situated in the posterior part of the Psoas 
major, in front of the transverse processes of the lumbar vertebrse ; it is formed 
by the anterior divisions of the first three, and the greater part of the anterior 
division of the fourth, lumbar nerves ; the first lumbar nerve receives a branch 
from the last thoracic nerve. 

The mode in which it is arranged varies in different subjects, but the usual 
condition is the following. The first lumbar nerve, supplemented by a twig 
from the last thoracic, splits into an upper and a lower branch ; the upper, 
larger branch divides into the iliohypogastric and ilio -inguinal nerves ; the 
low r er, smaller branch unites w r ith a branch of the second lumbar to form the 
genitofemoral nerve. The remainder of the second nerve, the third nerve, 
and the part of the fourth nerve which joins the plexus, divide into ventral 
and dorsal branches. The ventral branch of the second unites with the 
ventral branches of the third and fourth nerves to form the obturator nerve. 
The dorsal branches of the second and third nerves each divide into a smaller 
and larger part, the smaller parts uniting to form the lateral femoral cutaneous 
nerve, and the larger parts joining with the dorsal branch of the fourth nerve 
to form the femoral nerve. The accessory obturator, when it exists, arises from 
the ventral branches of the third and fourth nerves. 

The branches of the lumbar plexus may therefore be arranged as follows : 


Muscular. 

Iliohypogastric . . . . . . 1 L. 

Uio-inguinal . . . . . . . 1 L. 

Genitofemoral . . . . . . . 1, 2 L. 

Dorsal divisions. 

Lateral femoral cutaneous . . . . 2, 3 L. 

Femoral 2, 3, 4 L. 

Ventral divisions. 

Obturator 2, 3, 4 L. 

Accessory obturator . . . . . 3, 4 L. 


Muscular branches are distributed to the Quadratus lumborum from the 
twelfth thoracic and first three or four lumbar nerves; to the Psoas minor 
from the first, and to the Psoas major and Iliacus from the second, third and 
fourth, lumbar nerves. 

The iliohypogastric nerve arises from the first lumbar nerve. It emerges 
from the upper part of the lateral border of the Psoas major, and crosses 
obliquely behind the kidney, and in front of the Quadratus lumborum to the 
iliac crest. It then perforates the posterior part of the Trans versus abdominis, 
and divides between that muscle and the Obliquus internus abdominis into a 
lateral and an anterior cutaneous branch. 

The lateral cutaneous branch pierces the Obliquus internus and Obliquus 
externus immediately above the ikac crest at a point a little behind the iliac 
branch of the twelfth thoracic nerve; it is distributed to the skin of the 
anterior part of the side of the buttock. 

The anterior cutaneous branch (fig. 917) runs between the Obliquus internus 
and Transversus, supplying twigs to both muscles. It then pierces the Obliquus 
internus at a point about 2 cm. on the medial side of the anterior superior iliac 
spine, perforates the aponeurosis of the Obliquus externus about 3 cm. above 
the subcutaneous inguinal ring, and is distributed to the skin of the abdomen 
above the os pubis. 

The iliohypogastric nerve communicates with the last thoracic and ilio- 
inguinal nerves. 

The ilio-inguinal nerve, smaller than the iliohypogastric nerve, arises 
with it from the first lumbar nerve. It emerges from the lateral border of the 
Psoas major just below the iliohypogastric nerve, and, passing obliquely across 
the Quadratus lumborum and Iliacus, perforates the Transversus abdominis, 
near the anterior part of the iliac crest, and communicates with the iliohypo- 
gastric nerve. It then pierces the Obliquus internus, distributing filaments 
to it, and, accompanying the spermatic cord through the subcutaneous inguinal 
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ring, is distributed to the skin of the upper and medial part of the thi<di, to 
the skin over the root of the penis and upper part of the scrotum in the^male, 
and to the skin covering the mons pubis (mons Veneris) and labium majus in 
the female. 

- The size of the ilio-inguinal nerve is in inverse proportion to that of the iliohypo- 
gastric. Occasionally it is very small, and ends by joining the iliohypogastric nerve ; in 
such cases, a branch from the iliohypogastric takes the place of the ilio-inguinal, or the 
latter nerve may be altogether absent. 

The genitofemoral nerve (genitocrural nerve) arises from the first and 
second lumbar nerves. It passes obliquely forwards and downwards through 


Fig. 919. — A plan of the lumbar plexus. 



the substance of the Psoas major, and emerges near its medial border, opposite 
the fibrocartilage between the third and fourth lumbar vertebrae ; it then de- 
scends on the surface of the Psoas major, under cover of the peritoneum, and 
divides into the external spermatic and lumbo -inguinal nerves. The genito- 
femoral nerve frequently divides close to its origin, and the external spermatic 
and lumbo-inguinal nerves then emerge separately through the Psoas major. 

The external spermatic nerve (genital branch of genitocrural) passes lateral- 
wards on the Psoas major, and pierces the fascia transversalis, or passes through 
the abdominal inguinal ring ; it then descends behind the spermatic cord, 
supplies th# Cremaster, and gives a few filaments to the sldn of the scrotum. 
In the female, it accompanies the round ligament of the uterus and ends in the 
skin of the mons pubis and labium majus. 

The lumbo-inguinal nerve (crural branch of genitocrural) descends on the 
external iliac artery, sending a few filaments round it, and, passing beneath 
the inguinal ligament, enters the femoral sheath, lying superficial and lateral 
to the femoral artery. It pierces the anterior layer of the femoral sheath 
and the fascia lata, and supplies a limited area of the skin on the anterior 
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surface of the upper part of the thigh (fig. 920). On the front of the thigh it 
communicates with the intermediate cutaneous branch of the femoral nerve. 


Fig. 921. — A diagram showing the segmental 
Fig. 920. — The cutaneous nerves of distribution of the cutaneous nerves of the 

the right lower extremity. Anterior right lower extremity. Anterior aspect, 

aspect. 




As the nerve runs beneath the inguinal ligament it gives a few twigs to the 
femoral artery. s 
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The lateral femoral cutaneous nerve (external cutaneous nerve) arises 
from the dorsal branches of the anterior divisions of the second and third 
Lumbar nerves. It emerges from the lateral border of the Psoas major, and 
crosses the Iliacus obliquely, towards the anterior superior iliac spine. It then 
passes under the inguinal ligament and over or through the Sartorius into the 
thigh, where it divides into an anterior and a posterior branch (fig. 920). 

The anterior branch becomes superficial about 10 cm. below the anterior 
superior iliac spine, and is distributed to the skin of the anterior and lateral 
parts of the thigh, as far as the knee. Its terminal filaments frequently 
communicate with the anterior cutaneous branches of the femoral nerve, and 
with the infrapatellar branch of the saphenous nerve, forming with them the 
patellar plexus. 

The posterior branch pierces the fascia lata at a higher level than the anterior 
branch, and subdivides into filaments which pass backwards to supply the 
skin on the lateral surface of the limb, from the level of the greater trochanter 
to about the middle of the thigh. 

The obturator nerve arises from the ventral branches of the anterior 
divisions of the second, third, and fourth lumbar nerves ; the branch from the 
third is the largest, while that from the second is often very small. It descends 
through the fibres of the Psoas major, and emerges from its medial border at 
the brim of the pelvis ; it then passes behind the common iliac vessels, and 
on the lateral side of the hypogastric vessels, and runs along the lateral wall 
of the lesser pelvis, above and in front of the obturator vessels, to the upper 
part of the obturator foramen, through which it enters the thigh. At the 
foramen it divides into an anterior and a posterior branch, which are separated 
at first by a few fibres of the Obturator externus, and lower down by the 
Adductor brevis. 

The anterior branch (fig. 922) leaves the pelvis in front of the Obturator 
externus and descends in front of the Adductor brevis, and behind the Pectineus 
and Adductor longus ; at the lower border of the latter muscle it communicates 
with the medial cutaneous and saphenous branches of the femoral nerve, form- 
ing a kind of plexus. It then descends upon the femoral artery, to which it is 
finally distributed. Near the obturator foramen this branch gives an articular 
twig to the hip-joint. Behind the Pectineus, it distributes branches to the 
Adductor longus and Gracilis, and usually to the Adductor brevis, and in rare 
cases to the Pectineus; it receives a filament from the accessory obturator 
nerve w r hen that nerve is present. 

Occasionally the communicating branch to the medial cutaneous and saphenous 
branches of the femoral nerve is continued down, as a cutaneous branch, to the thigh and 
leg. When this is so, it emerges from beneath the lower border of the Adductor longus, 
descends along the posterior margin of the Sartorius to the medial side of the knee, where 
it pierces the deep fascia, communicates with the saphenous nerve, and is distributed to 
the skin half-way down the medial side of the leg. 

The posterior branch pierces the anterior part of the Obturator externus, and 
supplies this muscle ; it then passes behind the Adductor brevis oil the front of 
the Adductor magnus, and divides into branches which are distributed to the 
Adductor magnus and to the Adductor brevis when the latter does not receive 
a branch from the anterior division of the nerve. It frequently gives a slender 
articular branch to the knee-joint ; this branch perforates the lower part of the 
Adductor magnus or passes through the opening which transmits the femoral 
artery, and enters the popliteal fossa; it here descends upon the popliteal 
artery, to the back of the knee-joint, where it pierces the oblique popliteal 
ligament, and is distributed to the articular capsule. It gives filaments to the 
popliteal artery. 

The accessory obturator nerve (fig. 919) is present in about 29 per cent, 
of- subjects. It is of small size, and arises from the ventral branches of the 
anterior divisions of the third and fourth lumbar nerves. It descends along 
the medial border of the Psoas major, crosses the superior ramus of the os pubis 
behind the Pectineus, and divides into branches. One branch enters the deep 
surface of the Pectineus ; another goes to the hip-joint ; while a third com- 
municates with the anterior branch of the obturator nerve. Occasionally the 
accessory obturator nerve is very small and supplies only the Pectineus. 
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The femoral nerve (anterior crural nerve) 

Fig. 922. — The nerves of the right lower 
extremity. Anterior aspect. 


(fig. 922), the largest branch of 
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lumbar nerves. It descends 
through the fibres of the 
Psoas major, emerging from 
the muscle at the lower part 
of its lateral border, and 
passes down between it and 
the lliacus, behind the iliac 
fascia ; it then runs beneath 
the inguinal ligament, into 
the thigh, and splits into an 
anterior and a posterior di- 
vision. Under the inguinal 
ligament, it is separated 
from the femoral artery 
by a portion of the Psoas 
major. 

Within the abdomen the 
femoral nerve gives off small 
branches to the lliacus, and 
a branch which is distributed 
upon the upper part of the 
femoral artery ; the latter 
branch may arise in the 
thigh. 

The anterior division of 
the femoral nerve gives off 
the intermediate and medial 
cutaneous nerves (fig. 920), 
and muscular branches to 
the Pectineus and Sartorius. 

The intermediate cutan- 
eous nerve pierces the fascia 
lata about 8 cm. below the 
inguinal ligament, either as 
two branches, or as a single 
trunk which quickly divides 
into two branches ; these 
branches descend vertically 
along the front of the thigh, 
and supply the skin as low 
as the knee. They end in 
the patellar plexus (p. 957). 
The lateral branch of the 
intermediate cutaneous com- 
municates with the lumbo- 
inguinal branch of the 
genitofemoral nerve, and 
frequently pierces the Sar- 
torius. 

The medial cutaneous 
nerve lies at first on the 
lateral side of the femoral 
artery, but at the apex of 
the femoral triangle it crosses 
in front of the artery and 
divides into an anterior 
and a posterior branch. 
Before dividing, the nerve 
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The Posterior Divisions of the Thoracic Nerves 

The medial branches of the posterior divisions of the upper six thoracic 
nerves run between the Semispinalis dorsi and Multi fidus, which they supply ; 
they then pierce the Rhomboidei and Trapezius, and reach the skin by the 
sides of the spinous processes (fig. 907). The medial branches of the lower 
six thoracic nerves are distributed chiefly to the Multifidus and Longissimus 
dorsi ; occasionally they give filaments to the skin near the middle line. 

The lateral branches increase in size from above downwards. They run 
through or beneath the Longissimus dorsi to the interval between it and the 
Iliocostalis, and supply these muscles ; the lower five or six also give off 
cutaneous branches which pierce the Serratus posterior inferior and Latissimus 
dorsi in a line with the angles of the ribs (fig. 907). The lateral branches of a 
variable number of the upper thoracic nerves also give filaments to the skin. The 
lateral branch of the twelfth thoracic, after sending a filament medialwards along 
the iliac crest, passes downwards to the skin of the anterior part of the buttock. 

The medial cutaneous branches of the posterior divisions of the thoracic nerves 
descend for some distance close to the spinous processes before reaching the skin, while 
the lateral branches travel downwards for a considerable distance — it may be as much as 
the breadth of four ribs — before they become superficial; the branch from the twelfth 
thoracic, for instance, reaches the skin only a v;r. nbsve the iliac crest.* 


The Posterior Divisions of the Lumbar Nerves 

The medial branches of the posterior divisions of the lumbar nerves 
run close to the articular processes of the vertebrae and end in the Multifidus. 

The lateral branches supply the Sacrospinalis. The upper three give off 
cutaneous nerves wdiich pierce the aponeurosis of the Latissimus dorsi at the 
lateral border of the Sacrospinalis and cross the posterior part of the iliac crest 
to the skin- of the buttock (fig. 907), some of their twigs running as far as the 
level of the greater trochanter. 


The Posterior Divisions of the Sacral Nerves 

The posterior divisions of the sacral nerves are small, and diminish 
in size from above downwards ; they emerge, except the last, through the 
posterior sacral foramina. The ujpjper three are covered at their points of 
exit by the Multifidus, and divide into medial and lateral branches. 

The medial branches are small, and end in the Multifidus. 

The lateral branches join wdth one another and wdth the lateral branches of 
the posterior divisions of the last lumbar and fourth sacral to form loops on the 
dorsal surface of the sacrum. From these loops branches run to the dorsal 
surface of the sacrotuberous ligament and form a second series of loops under 
the Glutseus maximus. From this second series of loops cutaneous nerves 
(nn. clunium medii), two or three in number, pierce the Glutaeus maximus along 
a line drawn from the posterior superior iliac spine to the tip of the coccyx ; 
they supply the skin over the posterior part of the buttock (fig. 907). 

The posterior divisions of the lower two sacral nerves are small and lie below 
the Multifidus. They do not divide into medial and lateral branches, but 
unite with each other and wdth the posterior division of the coccygeal nerve 
to form loops on the back of the sacrum ; filaments from these loops supply 
the skin over the coccyx. 


The Posterior Division of the Coccygeal Nerve 

The posterior division of the coccygeal nerve does not divide into a 
medial and a lateral branch, but receives, as already stated, a communicating 
branch from the last sacral ; it is distributed to the skin over the back of the 
coccyx. % 

* H. M. Johnston, Journal of Anatomy and Physiology , vol. xliii. 
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THE ANTERIOR DIVISIONS OR THE SACRAL AND COCCYGEAL 

NERVES 

The anterior divisions of the sacral and coccygeal nerves form the 
sacral and pudendal plexuses. The anterior divisions of the upper four sacral 
nerves enter the pelvis through the anterior sacral foramina, that of the fifth 
.between the sacrum and coccyx, while that of the coccygeal nerve curves 
forwards below the rudimentary transverse process of the first piece of the 
coccyx. The first and second sacral nerves are large ; the third, fourth and 
fifth diminish progressively ; the coccygeal nerve is the smallest. Each of 
these nerves receives a grey ramus communicans from the corresponding 
ganglion of the sympathetic trunk ; from the second, third and fourth sacral 
nerves white rami communicantes are given to the pelvic plexuses of the 
sympathetic. 


The Sacral Plexus 

The sacral plexus (fig. 923) is formed by the lumbosacral trunk, the 
anterior division of the first, and portions of the anterior divisions of the second 
and third sacral nerves. 

The lumbosacral trunk comprises a part of the anterior division of the 
fourth lumbar nerve, and the whole of the anterior division of the fifth lumbar 
nerve; it ajDpears at the medial margin of the Psoas major and descends 
over the pelvic brim and in front of the sacro-iliac joint to join the first 
sacral nerve. 

The anterior division of the third sacral nerve divides into an upper and a 
lower branch; the upper branch enters the sacral plexus; the lower joins the 
pudendal plexus. 

The nerves forming the sacral plexus converge towards the low r er part 
of the greater sciatic foramen, and unite to form a flattened band, from the 
anterior and posterior surfaces of which several branches arise ; the band 
itself is continued as the sciatic nerve. 

Relations. — The sacral plexus lies on the posterior wall of the pelvic cavity 
in front of the Piriformis (fig. 924), and behind the hypogastric vessels, the 
ureter and the sigmoid colon. The superior glutseal vessels run between the 
lumbosacral trunk and the anterior division of the first sacral nerve, and 
the inferior glutseal vessels between the anterior divisions of the second and third 
sacral nerves. 

All the nerves entering the plexus, with the exception of the anterior division 
of the third sacral, split into ventral and dorsal divisions, and the nerves arising 
from these are as follows : 

Ventral divisions. Dorsal divisions. 

Nerve to Quadratus femoris \ 
and Gemellus inferior J 
Nerve to Obturator internus ) 
and Gemellus superior / 

Nerve to Piriformis . 

Superior glutseal 
Inferior glutaeal . 

Posterior femoral cutaneous 
o . TTibial 

t Common peronseal 

The nerve to the Quadratus femoris and Gemellus inferior arises from the ventral 
branches of the anterior divisions of the fourth and fifth lumbar and first sacral 
nerves ; it leaves the pelvis through the greater sciatic foramen, below the Piri- 
formis, and, running down on the ischium in front of the sciatic nerve, the Gemelli 
and the tendon of the Obturator internus, supplies a twig to the Gemellus inferior, 
and enters the anterior surface of the Quadratus femoris ; it gives an articular 
branch to the hip-joint. 

The nerve to the Obturator internus and Gemellus superior arises from the ventral 
branches of the anterior divisions of the fifth lumbar and first and second sacral 
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nerves. It leaves the pelvis through the greater sciatic foramen below the Piri- 
formis, and gives a branch which enters the upper part of the posterior surface of 
the Gemellus superior. It then crosses the ischial spine on the lateral side of the 


Fig. 923. — A plan of the sacral and pudendal plexuses. 
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internal pudendal vessels, re-enters the pelvis through the lesser sciatic foramen, 
and pierces the pelvic surface of the Obturator internus. 

The nerve to the Piriformis arises usually from the dorsal branches of the 
anterior divisions of the first and second sacral nerves ; it enters the anterior surface 
of the muscle. 

The superior glutseal nerve arises from the dorsal branches of the anterior 
divisions of the fourth and fifth lumbar and first sacral nerves : it leaves the pelvis 
through the greater sciatic foramen above the Piriformis, accompanied by the 
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superior glutseal vessels, and divides into a superior and an inferior branch. The 
superior branch accompanies the upper branch of the deep division of the superior 
glutseal artery and ends in the Glutseus minimus. The inferior branch runs with 
the lower branch of the deep division of the superior glutseal artery across the Glutseus 
minimus ; it gives twigs to the Glutseus medius and Glutseus minimus, and ends in 
the Tensor fascise latse. 


Fig. 924 — A dissection of the side wall of the pelvis, showing the sacral and 
pudendal plexuses. 



The inferior glutseal nerve arises from the dorsal branches of the anterior divisions 
of the fifth lumbar and first and second sacral nerves : it leaves the pelvis through 
the greater sciatic foramen, below the Piriformis, and divides into branches which 
enter the deep surface of the Glutseus maximus. 

The posterior femoral cutaneous nerve (small sciatic nerve) arises 
from the dorsal branches of the anterior divisions of the first and second, 
and from the ventral branches of the anterior divisions of the second and third, 
sacral nerves, and issues from the pelvis through the greater sciatic foramen 
below the Piriformis. It then descends beneath the Glutseus maximus with 
the inferior glutseal artery, and runs down the back of the thigh, superficial to 
the long head of the Biceps femoris, and beneath the fascia lata ; at the back 
of the knee it pierces the deep fascia and accompanies the small saphenous 
vein as far as the- middle of the calf of the leg, its terminal twigs communicating 
with the sural nerve. 

Its branches are all cutaneous, and are distributed to the glutseal region, 
the perinseum, and the back of the thigh and leg. 
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Fig. 925. — The cutaneous nerves of 
the right lower extremity. Pos- 
terior aspect. 



Fig. 926. — A diagram showing the seg- 
mental distribution of the cutaneous 
nerves of the right lower extremity. 
Posterior aspect. 



The glutceal branches (nn. clunium inferiores), three or four in number, turn 
upwards round the lower border of the Gluteus maximus, and supply the skin 
covering the lower and lateral part of that muscle. 

The perinceal branches are distributed to the skin at the upper and medial 
side of the thigh. One long perinseal branch (inferior pudendal) curves forwards 

G. A, 2 II 
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Fig. 927. — The nerves of the right lower 
extremity.* Posterior aspect. 



below and in front of the ischial 
tuberosity, pierces the fascia lata, 
and runs forwards beneath the 
superficial fascia of the perinceum 
to the skin of the scrotum in the 
male, and of the labium majus in 
the female. It communicates with 
the inferior hsemorrhoidal and pos- 
terior scrotal nerves. 

The branches to the back of the 
thigh and leg consist of numerous 
filaments derived from both sides 
of the nerve, and distributed to the 
skin covering the back and medial 
side of the thigh, the popliteal fossa, 
and the upper part of the back of 
the leg (fig. 925). 

The sciatic nerve (fig. 927) is 
the largest nerve in the body. 
At its commencement it measures 
2 cm. in breadth, and is the con- 
tinuation of the flattened band of 
the sacral plexus. It passes out 
of the pelvis through the greater 
sciatic foramen, below the Piri- 
formis muscle, descends between 
the greater trochanter of the femur 
and the tuberosity of the ischium, 
and along the back of the thigh to 
about its lower one-third, where it 
divides into two large branches, 
the tibial and common peronseal 
nerves. This division may take 
place at any point between the 
sacral plexus and the lower one- 
third of the thigh, and in all cases 
the independence of the two nerves 
can be shown by dissection. When 
the division occurs at the plexus, 
the common peronseal nerve usually 
pierces the Piriformis. The nerve 
also gives off articular and mus- 
cular branches. 

In the upper part of its course 
the nerve rests upon the posterior 
surface of the ischium, the nerve to 
the Quadratus femoris, the Obtur- 
ator internus and Gemelli, and the 
Quadratus femoris ; it is accom- 
panied on its medial side by the 
posterior femoral cutaneous nerve 
and the inferior glutaeal artery, and 
is covered by the Glutaeus maximus. 
Lower down, it lies upon the Adduc- 
tor magnus, and is crossed obliquely 
by the long head of the Biceps 
femoris. 

The articular branches of the 
sciatic nerve arise from the upper 
part of the nerve and supply the 


* N.B. — In this diagram the medial sural cutaneous and peronaeal anastomotic nerves have 
been displaced by the removal of the superficial muscles. 
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hip- joint, perforating the posterior part of its capsule ; they are sometimes 
derived from the sacral plexus. 

The muscular branches of the sciatic nerve are distributed to the Biceps 
femoris, Semitendinosus, Semimembranosus, and Adductor magnus. The nerve 
to the short head of the Biceps femoris comes from the common peronaeal part, 
while the other muscular branches arise from the tibial portion, of the sciatic 
nerve, as may be seen in those cases where there is a high division of the 
nerve. 

The tibial nerve (internal popliteal nerve) (fig. 927), the larger terminal 
branch of the sciatic nerve, arises from the ventral branches of the anterior 
divisions of the fourth and fifth lumbar and first, second, and third sacral 
nerves. It descends along the back of the thigh and through the middle of 
the popliteal fossa, to the lower part of the Popliteus muscle, whence it 
passes with the popliteal artery beneath the arch of the Soleus. It then runs 
along the back of the leg with the posterior tibial vessels to the interval 
between the medial malleolus and the heel, where it divides beneath the 
laciniate ligament into the medial and lateral plantar nerves. In the thigh it 
is overlapped by the hamstring muscles above, and then becomes more super- 
ficial, and lies lateral to, and some distance from, the popliteal vessels ; opposite 
the knee-joint, it is superficial to these vessels, and then crosses to the medial 
side of the popliteal artery. In the leg it is covered in the upper part of its 
course by the superficial muscles of the calf ; lower dowm by the skin and 
the superficial and deep fasciae. It is placed on the deep muscles, and lies at 
first on the medial side of the posterior tibial artery, but soon crosses that 
vessel and descends on its lateral side as far as the ankle. In the low^er part 
of the leg it runs parallel with the medial margin of the tendo calcaneus. 

The branches of this nerve are ; articular, muscular, medial sural cutaneous, 
medial calcaneal, medial and lateral plantar. 

Articular branches, usually three in number, supply the knee-joint ; one 
branch accompanies the superior, and another the inferior, medial genicular 
artery ; the third branch runs with the middle genicular artery. Just above 
its point of bifurcation the tibial nerve gives an articular branch to the ankle- 
joint. 

Muscular branches , four or five in number, arise from the nerve as it lies 
between the two heads of the Gastrocnemius muscle ; they supply that muscle, 
as well as the Plantaris, Soleus, and Popliteus. The branch for the Popliteus 
turns round the lower border of that muscle, and is distributed to its deep 
surface. Lower down, muscular branches arise independently or by a common 
trunk and supply the Soleus, Tibialis posterior, Flexor digitorum longus, and 
Flexor hallucis longus ; the branch to the last muscle accompanies the peronseal 
artery ; that to the Soleus enters the deep surface of the muscle. 

The medial sural cutaneous nerve (n. eommunicans tibialis) descends between 
the two heads of the Gastrocnemius, and, about the middle of the back of the 
leg, pierces the deep fascia, and unites with the peronseal anastomotic branch 
of the common peronaeal nerve to form the sural nerve (fig. 925). The sural 
nerve (external saphenous nerve) passes downwards near the lateral margin of 
the tendo calcaneus, lying close to the small saphenous vein, to the interval 
between the lateral malleolus and the calcaneus ; it supplies the skin of the 
lateral and posterior part of the lower one-third of the leg. It runs forwards 
below the lateral malleolus, and is continued as the' lateral dorsal cutaneous 
nerve along the lateral side of the foot and little toe, communicating on the 
dorsum of the foot with the intermediate dorsal cutaneous nerve, a branch of 
the superficial peronaeal nerve. In the leg, its branches communicate with 
those of the -posterior femoral cutaneous nerve. 

The medial calcaneal branch perforates the laciniate ligament, and supplies 
the skin of the heel and medial side of the sole of the foot. 

The medial plantar nerve (fig. 928), the larger of the two terminal divisions 
of the tibial nerve, accompanies the medial plantar artery. From its origin 
under the laciniate ligament it passes under cover of the Abductor hallucis, 
and, appearing between this muscle and the Flexor digitorum brevis, gives 
off a proper digital nerve to the medial side of the great toe and finally 
divides opposite the bases of the metatarsal bones into three common digital 
nerves. 
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Branches . — Cutaneous brandies pierce the plantar aponeurosis between the 
Abductor hallucis and the Flexor ctigitorum brevis and are distributed to the 
skin of the sole of the foot. 

Muscular branches supply the Abductor hallucis, the Flexor digit or um 
brevis, the Flexor hallucis brevis, and the first Lumbricalis ; those for the 
Abductor hallucis and Flexor digitorum brevis arise from the trunk of the 
nerve near its origin and enter the deep surfaces of the muscles ; the branch 
for the Flexor hallucis brevis springs from the proper digital nerve to the 
medial side of the great toe, and that for the first Lumbricalis from the first 
common digital nerve. 

Articular branches supply the articulations of the tarsus and metatarsus. 


Fig. 928. — The plantar nerves of the right foot. 



Fig. 929.— A diagram showing 
the segmental distribution of 
the cutaneous nerves of the 
sole of the right foot. 



The proper digital nerve of the great toe supplies the Flexor hallucis brevis 
and the skin on the medial side of the great toe. 

The three common digital nerves pass between the , divisions of the plantar 
aponeurosis, and each splits into tw T o proper digital nerves. Those of the first 
common digital nerve supply the adjacent sides of the great and second toes ; 
those of the second, the adjacent sides of the second and third toes ; and those 
of the third, the adjacent sides of the third and fourth toes. The third common 
digital nerve receives a communicating branch from the lateral plantar nerve ; 
the first gives a twig to the first Lumbricalis. Each proper digital nerve gives 
off cutaneous and articular filaments, and opposite the last phalanx sends 
upwards a dorsal branch, wdiich supplies the structures around the nail, the 
continuation of the nerve being distributed to the ball of the toe. It will 
be observed that the digital nerves of the medial plantar nerve are similar 
in their distribution to those of the median nerve in the hand. 

The lateral plantar nerve (fig. 928) supplies the skin of the fifth toe 
and lateral half of the fourth, as well as most of the deep muscles, its distribution 
being similar to that of the ulnar nerve in the hand. It passes obliquely 
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forwards with the lateral plantar artery to the lateral side of the foot, Ivins: 
between the Flexor digitorum brevis and Quadratus plant®, and, in the interval 
between the former muscle and the Abductor digit! quinti, divides into a 
superficial and a deep branch. Before its division, it supplies the Quadratus 
plant® and Abductor cligiti quinti. 

The superficial branch splits into a proper and a common digital nerve ; the 
proper digital nerve supplies the lateral side of the little toe, rhe Flexor cligiti 
quinti brevis, and the two Interossei of the fourth intermetatarsal space ; the 
common digital nerve communicates with the third common digital branch 
of the medial plantar nerve and divides into two proper digital nerves which 
supply the adjoining sides of the fourth and fifth toes. 

The deep branch accompanies the lateral plantar artery on the deep surface 
of the tendons of the flexor muscles and the Adductor hallucis, and supplies 
the second, third, and fourth Lumbricales, the Adductor hallucis, and all the 
Interossei (except those in the fourth metatarsal space). 

The common peronaeal nerve (external popliteal nerve) (fig. 927), about 
one-half the size of the tibial, is derived from the dorsal branches of the anterior 
divisions of the fourth and fifth lumbar and the first and second sacral nerves. 
It descends obliquely along the lateral side of the popliteal fossa to the head 
of the fibula, close to the medial margin of the Biceps femoris muscle. It lies 
between the tendon of the Biceps femoris and lateral head of the Gastrocnemius 
muscle, winds round the neck of the fibula, beneath the Peronseus longus, and 
divides under cover of. that muscle into the superficial and deep peronseal 
nerves. Previous to its division it gives off articular and cutaneous branches. 

The articular branches are three in number ; two of these accompany the 
superior and inferior lateral genicular arteries to the knee ; the upper one 
occasionally arises from the trunk of the sciatic nerve. The third, named the 
recurrent articular nerve, is given off at the point of division of the common 
peronaeal nerve ; it ascends with the anterior recurrent tibial artery through 
the Tibialis anterior to the front of the knee-joint. 

The cutaneous branches , two in number, frequently spring from a common 
trunk; they are the lateral sural cutaneous and the peronaeal anastomotic 
nerves. 

The lateral sural cutaneous nerve supplies the skin on the anterior, posterior 
and lateral surfaces of the proximal part of the leg. The peronceal anastomotic 
nerve (n. communicans fibularis), arises near the head of the fibula, runs obliquely 
across the lateral head of the Gastrocnemius to the middle of the leg, and joins 
ydth the medial sural cutaneous to form the sural nerve (p. 963). The peronaeal 
anastomotic nerve occasionally descends as a separate branch as far as the .heel. 

The deep peronseal nerve (anterior tibial nerve) (fig. 922) begins at the 
bifurcation of the common peronaeal nerve, between the fibula and proximal 
part of the Peronaeus longus, passes obliquely forwards beneath the Extensor 
digitorum longus to the front of the interosseous membrane, where it comes into 
relation with the anterior tibial artery in the upper one-third of the leg ; it 
then descends with the artery to the front of the ankle-joint, where it divides 
into lateral and medial terminal branches. It lies at first on the lateral side 
of the anterior tibial artery, then in front of it, and again on its lateral side 
at the ankle-joint. 

In the leg, the deep peronseal nerve supplies muscular branches to the Tibialis 
anterior, Extensor hallucis longu.v Extensor digitorum longus and Peronseus 
tertius, and an articular branch to the ankle-joint. 

The lateral terminal branch of the deep peronseal nerve passes across the 
tarsus, beneath the Extensor digitorum brevis, and, having become enlarged like 
the dorsal interosseous nerve at the wrist, supplies the Extensor digitorum 
brevis. From the enlargement three minute interosseous branches are given off, 
which supply the tarsal joints, and the metatarsophalangeal joints of the 
second, third, and fourth toes. The first of these sends a filament to the second 
Interosseus dorsalis muscle. 

The medial terminal branch of the deep peronseal nerve runs forwards on 
the dorsum of the foot, on the lateral side of the dorsalis pedis artery. At 
the first interosseous space it communicates with the medial dorsal cutaneous 
branch of the superficial peronseal nerve, and divides into two dorsal digital 
nerves, which supply the adjacent sides of the great and second toes. Before it 
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part of the thoracic region, descend in contact with the medulla spinalis for 
a distance equal to the height of at least two vertebrae before they emerge 
from the vertebral canal. 

The roots of the lower lumbar and upper sacral nerves are the largest, and 
their individual filaments the most numerous of all the spinal nerves, while 
the roots of the coccygeal nerve are the smallest. 

The roots of the lumbar, sacral, and coccygeal nerves run vertically down- 
wards to their respective exits, and as the medulla spinalis ends near the lower 
border of the first lumbar vertebra it follows that the lengths of the successive 
roots must rapidly increase. As already mentioned (p. 784), the term cauda 
equina is applied to this collection of nerve-roots. 


Tig. 906. — A scheme showing the structure of a typical spinal nerve. 



1. Somatic efferent. 2. Somatic afferent. 3, 4, 5. Autonomic efferent. 6, 7. Autonomic afferent. 


From the description given it will be seen that the largest nerve-roots, arid 
consequently the largest spinal nerves, are attached to the cervical and lumbar 
swellings of the medulla spinalis ; these nerves are distributed to the upper 
and lower limbs. 

Immediately beyond the spinal ganglion, the anterior and posterior nerve - 
roots unite to form the spinal nerve which emerges through the intervertebral 
foramen. 

Connexions with the sympathetic trunks. — After emerging from 
the intervertebral foramen each spinal nerve receives a branch (grey ramus 
commimicans) from the adjacent ganglion of the sympathetic trunk, while 
the thoracic, and the first and second lumbar nerves each contribute a branch 
(white ramus communicans) to the adjoining sympathetic ganglion. The 
second, third, and fourth sacral nerves also supply white rami ; these, however, 
are not connected with the ganglia of the sympathetic trunk, but run directly 
into the pelvic plexuses. 

Structure (figs. 905, 906). — Each typical spinal nerve contains fibres be- 
longing to two systems, vte ? the somatic, and the autonomic (p. 969), as well 
as fibres connecting these systems with one another. 



THE PUDENDAL PLEXUS 


967 


towards the anal canal and the lower end of the rectum, and is distributed 
to the Sphincter ani externus and to the skin round the anus. Branches of 
this nerve communicate with the perinseal branch of the posterior femoral 
cutaneous and with the posterior scrotal nerves. 

The perinceal nerve, the inferior and larger terminal branch of the pudendal 
nerve, is situated below the internal pudendal artery. It accompanies the 
perinseal artery and divides into posterior scrotal (or labial) and muscular 
branches. 

The posterior scrotal branches (superficial perinseal nerves) are two, a medial 
and a lateral. They pierce, or pass superficial to, the fascia of the urogenital 
diaphragm, and run forwards along the lateral part of the urethral triangle in 
company with the posterior scrotal branches of the perinseal artery ; they 
are distributed to the skin of the scrotum, and communicate with the perinseal 
branch of the posterior femoral cutaneous nerve. In the female the corre- 
sponding nerves (posterior labial branches) supply the labium majus. 

The muscular branches are distributed to the Transversus perinsei super- 
ficialis, Bulbocavernosus, Ischiocavernosus, Transversus perinsei profundus, and 
Sphincter urethrae membranacese. A branch, the nerve to the urethral btilb, is given 
off from the nerve to the Bulb.ocavernosus ; it pierces this muscle, and supplies 
the corpus cavernosum urethrae, ending in the mucous membrane of the urethra. 

The dorsal nerve of the penis is the deepest division of the pudendal nerve ; 
it accompanies the internal pudendal artery along the ramus of the ischium ; 
it then runs forwards along the margin of the inferior ramus of the os pubis, 
between the superior and inferior layers of the fascia of the urogenital dia- 
phragm. It pierces the inferior layer, and gives a branch to the corpus caver- 
nosum penis. It then passes forwards, in company with the dorsal artery of 
the penis, between the layers of the suspensory ligament, to the dorsum of the 
penis, and ends on the glans penis. In the female the corresponding nerve 
(dorsal nerve of the clitoris) is very small, and supplies the clitoris. 

The visceral branches arise from the second, third and fourth sacral 
nerves, and are distributed, through the pelvic plexuses of the sympathetic, 
to the bladder and rectum ; in the female they also give branches to the vagina. 

The muscular branches are derived from the fourth sacral, and supply 
the Levator ani, Coccygeus, and Sphincter ani externus. The branches to the 
Levator ani and Coccygeus enter their pelvic surfaces ; that to the Sphincter 
ani externus (perinseal branch of fourth sacral nerve) reaches the ischiorectal 
fossa by piercing the Coccygeus or by passing between it and the Levator ani. 
Cutaneous filaments from this branch supply the skin between the anus and 
the coccyx. 

The anococcygeal nerves. — The anterior division of the fifth sacral nerve 
receives a communicating filament from the fourth, and unites with the minute 
anterior division of the coccygeal nerve to form what is sometimes named 
the coccygeal plexus. The anococcygeal nerves arise from this plexus, and con- 
sist of a few fine filaments which pierce the sacrotuberous ligament and supply 
the skin in the region of the coccyx. 

Applied Ayiatomy . — The lumbar plexus passes through the Psoas major, and therefore 
in psoas abscess any or all of its branches may be irritated, causing severe pain in the part 
to which the irritated nerves are distributed. The genitofemoral nerve is the one which 
is most frequently implicated. This nerve is also of importance as it is concerned in one 
of the principal superficial reflexes employed in the investigation of diseases of the 
medulla spinalis. If the skin over the medial side of the thigh just below the inguinal 
ligament (the part supplied by the lumbo-inguinal branch of the genitofemoral nerve) be 
tickled in the male child, the testis will be retracted, through the action of the Cremaster 
muscle which is supplied by the external spermatic branch of the genitofemoral nerve. 
The same result may sometimes be noticed in adults, and can almost always be produced 
by severe stimulation. This reflex shows that the portion of the medulla spinalis from 
which the first and second lumbar nerves are derived is in a normal condition. 

The fgmpjral nerve, is in danger of being injured in fractures of the lesser pelvis, since 
the fracture most commonly takes place through the superior ramus of the os pubis, at or 
near the point where this nerve crosses the bone. It is also liable to be pressed upon and 
its functions impaired, by some tumours growing in the pelvis. Moreover, on account of 
its superficial position, it is exposed to injury in wounds and stabs in the groin. Its 
central origin is often affected in cases of infantile paralysis. Hlbm . .this nerve is para- 
lysed,, the patient is unable to flex his hip completely, on account of the paralysis of the 
Ilxacus ; or to extend the knee on the thigh, on account of paralysis of the "Quadriceps 



968 


NEUROLOGY 


femoris ; [there is complete paralysis of the Sartorius, and partial paralysis of the Pec- 
Iffieus". There is loss of sensation down the front and medial side of the thigh, except in 
that part supplied by the lumbo-inguinal and ilio-inguinal nerves. There is also loss of 
sensation down the medial side of the leg and foot as far as the ball of the great toe. 

The obturator nerve is rarely paralysed alone, but occasionally in association with 
the feniorair'The principal interest attached tout is in connexion with its_ supply to Jhe 
knee, pain in the knee being symptomatic of many diseases in which the trunk of tin's 
nerve, or one of its branches, is irritated. "Thus it is welf known that in the eailidr’stages- 

of hip -joint disease the patient may 
not always complain of pain in that 
Fig. 930. — Dissections to show (A, B) the sciatic articulation, but on the medial side 
nerve, (C) the upper part of the tibial nerve and 0 f the knee, or in the knee-joint 
(D) the common peronseal nerve. itself, both "of these articulations 

being supplied by the obturator 



nerve, the final distribution of the 
nerve being to the knee-joint. 
Again,’ the same thing may occur 
in sacro-iliac disease ; or in cases of 
pathological growth of the ovary or 
tubal inflammation ; or in cancel' 

of the sigmoid colon ; and even in 

cases " where masses of hardened 
faeces are impacted in this portion 
of the gut, pain is complained of in 
the knee. Finally, pain in the knee 
forms an important diagnostic sign 
in obturator' hernia.*' When the 
obturator nerve is paralysed the 
patient is unable to press his knees 
together or to cross one leg over 
the other on account of paralysis 
of the Adductor muscles. Rotation 
outwards of the thigh is impaired 
from paralysis of the Obturator 
externus. Sometimes there is loss 
of sensation in the upper half of the 
medial side of the leg. 

The sciatic nerve is liable to be 
pressed upon by various forms of 
pelvic tumour, giving rise to pain 
along its trunk, to which the term 
sciatica is applied. Tumours grow- 
ing from the pelvic viscera, especi- 
ally advanced cancer of the rectum, 
aneurysms of some of the branches 
of the hypogastric artery, calculus, 
in the bladder when of large size, 
accumulation of f eeces in the rectum, 
may all cause pressure on the nerve 
inside the pelvis, and give rise to 
sciatica. Outside the pelvis, exo- 
stoses or other tumours growing 
from the margin of the greater 
sciatic foramen may also give rise 
to the same condition. Most cases 
of sciatica, however, are due to 


neuritis of the sciatic nerve from 


exposure to cold, and jt occurs moio often in men, in the latter half of life, and often in asso- 
ciation with rheumatism, gout, or diabetes mellitus. The inflamed nerve is often sensitive 


to pressure, particularly in certain ‘ tender spots 9 (e.g. near the posterior iliac spine, at the 
sciatic notch about the middle of the back of the thigh, in the popliteal fossa, below the head 
of the fibula, behind the malleoli, or on the dorsum of the foot), and pain is felt whenever ex- 
tension of the leg is attempted and the nerve is stretched. Paralysis of the sciatic nerve is 
rarely complete ; when the lesion occurs high up there is palsy of the Biceps femoris, Semi- 
membranosus, and Semitendinosus, and of all the muscles below the knee. If the lesion be 
lower down, there is loss of motion in all the muscles below the knee, and loss of sensation 
in the same situation, except the upper half of the back of the leg, which is supplied by 
the posterior femoral cutaneous, and in the upper half of the medial side of the leg, -when 
the communicating branch of the obturator is large (p. 955). Lesions of the common 
peronseal nerve cause paralysis of the Tibialis anterior, the Peronsei, the long Extensors 
of the toes, and the short Extensor on the dorsum of the foot. c Foot-drop 5 follows, dorsal 
flexion of the toes and abduction of the foot being impossible. Later on, talipes of the 
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equinovarus type results, due to the contracture of the unopposed posterior crural group 
of muscles. 

The sciatic nerve has been frequently cut down upon and stretched, or has been acu- 
punctured, for the relief of sciatica. In order to define it on the surface, a point is taken 
at the junction of the middle with the lower third of a line stretching from the posterior 
superior spine of the ilium to the lateral part of the ischial tuberosity, and a line drawn 
from this to the middle of the upper part of the popliteal fossa. The line must be slightly 
curved with its convexity outwards, and, as it passes downwards to the lower border of the 
Glutseus maximus, is slightly nearer to the ischial tuberosity than to the greater trochanter, 
as it crosses a line drawn between these two points. The operation of stretching the sciatic 
nerve is performed by maiding an incision over the course of the nerve beneath the fold 
of the buttock (fig. 930, A). The skin, superficial structures, and deep fascia having been 
divided, the hamstrings are defined, and pulled apart with retractors. The nerve will be 
found lying on the Adductor magnus and covered by the Biceps femoris. It is to be 
separated from the surrounding structures, hooked up with the finger, and stretched by 
steady and continuous traction for two or three minutes. The sciatic nerve may also be 
stretched by what is known as the 4 dry 5 plan. The patient is laid on his back, the foot 
is extended, the leg flexed on the thigh, and the thigh strongly flexed on the abdomen. 
While the thigh is maintained in this position, the leg is forcibly extended to its full extent, 
and the foot as fully flexed on the leg. 

The position of the common peronaeal nerve, close behind the tendon of the Biceps 
femoris, on the lateral side of the popliteal fossa (fig. 930, D), should be remembered in 
subcutaneous division of the tendon. After the tendon is divided, the common peronseal 
nerve rises up as a cord, and might be mistaken for a small undivided portion of the tendon. 
Where this nerve winds round the neck of the fibula, it is also liable to be severed acci- 
dentally if its exact situation is not kept in mind, and especial care must be used when 
dealing with sinuses leading down to carious bone in this situation. Section of the nerve 
results in complete 4 foot-drop 5 from paralysis of the anterior tibial group of muscles and 
inversion of the foot from the unopposed action of the Tibialis posterior, the Peronasi being 
paralysed, together with anaesthesia of the parts supplied by the nerve, and, owing to loss 
of nutrition, the limb frequently becomes blue and cold, and may develop 4 trophic 5 sores. 


THE AUTONOMIC NERVOUS SYSTEM 

The autonomic nervous system (fig. 931) innervates the viscera, glands, 
blood-vessels, and unstriped muscle in general. Like the cerebrospinal system 
it has a central and a peripheral part. The central part is incorporated in 
the cerebrospinal axis and is represented by groups of nerve-cells, found chiefly 
in the mid-brain and hind-brain, and in the thoracic, lumbar, and sacral portions 
of the medulla spinalis. Erom these nerve- cells fibres pass out in certain of the 
cerebral and spinal nerves to form the peripheral part of the system. As already 
indicated (p. 779), none of these fibres reaches the zone of distribution of 
the autonomic system ; all end round the cells of ganglia detached from the 
central nervous system, and from the cells of these ganglia the fibres of dis- 
tribution are derived. The autonomic nerves, therefore, are composed of 
preganglionic and postganglionic fibres (p. 779). 

The autonomic system is divisible into two secondary systems, (a) para- 
sympathetic, and ( b ) sympathetic. 

The parasympathetic system is found at the cranial and sacral ends of 
the autonomic system. The cranial parasympathetic fibres issue from the oculo- 
motor, facial,' glossopharyngeal, vagus, and accessory cerebral nerves. Those 
from the oculomotor and facial nerves, and some from the glossopharyngeal, run 
to the ciliary, sphenopalatine, otic and submaxillary ganglia, and have been 
described with the trigeminal nerve (pp. 892 to 903). The fibres of the glosso- 
pharyngeal, vagus and accessory nerves are largely parasympathetic ; their 
distribution is described on pp.^915 to 922 ; the ganglia with which they are 
associated lie mainly at the periphery, i.e. in the walls of the structures they 
innervate. The sacral parasympathetic fibres emerge in the second, third 
and fourth sacral nerves and constitute the pelvic splanchnic nerves of Gaskell. 
They end in ganglia in the pelvic plexuses, and from the cells of these ganglia 
postganglionic fibres are distributed to the viscera of the pelvis. 

The sympathetic system forms the remaining and greater part of the 
autonomic system. It is associated with the thoracic and lumbar parts of 
the medulla spinalis, and its efferent fibres emerge in the thoracic, and the first 

a a. 2 h *2 
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Fig. 981. — A diagram of the autonomic nervous system. (After Meyer and 
Gottlieb.) The parasympathetic fibres are represented by blue, and the 
sympathetic fibres by red, lines ; the interrupted red lines indicate post- 
ganglionic fibres to the cerebral and spinal nerves. 
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and second lumbar, nerves ; leaving these nerves through the white rami eom- 
municantes, they run to join sympathetic ganglia. The sympathetic system, 
with its associated ganglia forms a complex widespread system, the com- 
munications and distribution of which are described in the following pages. 

Accompanying the autonomic nerves are afferent fibres, which originate 
in the cells of the semilunar ganglion of the trigeminal, the genicular ganglion 
of the facial, the ganglia on the trunks of the glossopharyngeal and vagus 
nerves, and the ganglia of the spinal nerves. The peripheral branches of 
these fibres pass without interruption to the involuntary structures ; the 
central branches pass into the brain and medulla spinalis to complete autonomic 
reflex arcs; or to form synapses with the somatic nerve-cells. 


THE SYMPATHETIC NERVOUS SYSTEM 

The ganglia associated with the sympathetic system may be divided into 
central, collateral and terminal groups. The central ganglia are arranged in 
two vertical rows, one on either side of the middle line, and situated partly 


Fig. 932. — Sketches showing the central connexions of the somatic fibres (A) 
and sympathetic fibres (B) of a typical spinal nerve. The efferent fibres are 
represented by red , and the afferent fibres by blue, lines. 



ganglia are found in connexion with three great prevertebral plexuses situated 
within the thorax, abdomen and pelvis, and named the cardiac, cceliac, and 
hypogastric plexuses. The terminal ganglia are located in the walls of the 
viscera. 

The efferent fibres of the sympathetic nerves are the axons of nerve-cells 
in the lateral grey column of the medulla spinalis (fig. 932). These fibres, 
medullated, and mostly of small size, issue from the medulla spinalis through 
the anterior nerve-roots of the thoracic and first and second lumbar nerves. 
They leave these nerves as the white rami communicantes (p. 927), each of 
which joins a neighbouring ganglion of the sympathetic trunk. Some of the 
fibres end in the ganglion which they first enter ; others pass through that 
ganglion and end in a collateral or a terminal ganglion ; others run in the 
sympathetic trunk and end in higher or lower ganglia in the trunk, while others, 
after ascending or descending for varying, distances, leave the trank and end 
around the cells of collateral or terminal ganglia. 

Fibres,* mostly non-medullated, arise from the cells of the sympathetic 
ganglia. Some of these fibres go directly, or through the prevertebral plexuses. 
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to their distribution in the viscera ; others leave the sympathetic trunks in 
the grey rami communicantes (p. 927) and join the spinal nerves, through 


Pig. 933. — The right sympathetic trunk and its connexions with the thoracic, 
abdominal, and pelvic plexuses. (After Schwalbe.) 
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which they are conveyed to the blood-vessels, sudoriferous glands and Arrectores 
pilorum muscles. 
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The sympathetic trunks (fig. 933) extend from the base of the skull to the 
coccyx. Each trunk is continued upwards, under the name of the internal 
carotid nerve, through the carotid canal into the skull. Here it forms the 
carotid and cavernous plexuses which constitute the cephalic part of the 
sympathetic system. The lower ends of the sympathetic trunks converge and 
unite in a single ganglion, the ganglion impar , which is placed in front of the 
coccyx. The ganglia of each trunk are distinguished as cervical, thoracic, 
lumbar, and sacral, and, except in the neck, their number corresponds more or 
less closely to that of the spinal nerves. They are arranged thus : 


Cervical portion 
Thoracic „ 
Abdominal „ 
Pelvic ,, 


3 ganglia 


. 12 
. 4 

4 or 5 


5 ? 


>5 


In the neck the ganglia lie in front of the transverse processes of the 
vertebrae ; in the thoracic region in front of the heads of the ribs ; in the 
abdomen on the sides of the vertebral bodies ; and in the pelvis in front of 
the sacrum. 


The Cephalic Portion of the Sympathetic System 

The cephalic portion of the sympathetic system on each side begins as 
the internal carotid nerve, which is continued upwards from the superior 
cervical ganglion of the sympathetic trunk. This nerve is soft in texture, 
and of a reddish colour. It ascends by the side of the internal carotid artery, 
and, entering the carotid canal in the temporal bone, divides into two branches, 
one of which lies on the lateral and the other on the medial side of the artery. 

The lateral branch , the larger of the two, gives filaments to the infernal 
carotid artery, and forms the internal carotid plexus. 

The medial branch also supplies filaments to the internal carotid artery, 
and, continuing onwards, forms the cavernous plexus . 

The internal carotid plexus is situated on the lateral side of the internal 
carotid artery, and in the plexus there occasionally exists a small gangliform 
swelling, the carotid ganglion , on the under surface of the artery. The plexus 
communicates with the semilunar and sphenopalatine ganglia, and with the 
abducent nerve and the tympanic branch of the glossopharyngeal nerve ; it 
distributes filaments to the wall of the carotid artery. 

The branches communicating with the abducent nerve consist of one or 
two filaments which join that nerve as it lies upon the lateral side of the internal 
carotid artery. The communication with the sphenopalatine ganglion is 
effected by a branch named the deep petrosal ; this branch perforates 
the cartilage filling the foramen lacerum, and joins the greater superficial 
petrosal nerve to form the nerve of the pterygoid canal (Vidian nerve), which 
passes through the pterygoid canal to the sphenopalatine ganglion. The 
comm uni cation with the tympanic branch of the glossopharyngeal nerve is 
effected by the superior and inferior caroticotympanic nerves which traverse the 
wall of the carotid canal. 

The cavernous plexus, formed chiefly by the medial division of the internal 
carotid nerve, is situated below and on the medial side of that part of the 
internal carotid artery which is placed by the side of the sella turcica, in the 
cavernous sinus. It gives branches to the internal carotid artery, and 
communicates with the oculomotor, trochlear, ophthalmic, and abducent 
nerves, and with the ciliary ganglion. 

The branch to the oculomotor nerve joins that nerve at its point of division ; 
the branch to the trochlear nerve joins the latter as it lies in the lateral wall 
of the cavernous sinus ; filaments are connected with the medial side of the 
ophthalmic nerve ; and one joins the abducent nerve. The filament to the 
ciliary ganglion arises from the anterior part of the cavernous plexus and 
enters the orbit through the superior orbital fissure ; it may join the ganglion 
directly, or may unite with the long root of the ganglion. 

The terminal filaments from the internal carotid and cavernous plexuses 
are prolonged as plexuses around the anterior and middle cerebral arteries 
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and the ophthalmic artery : along the anterior and middle cerebral arteries 
they may be traced to the pia mater; along the ophthalmic artery they 
pass into the orbit where they accompany each of the branches of that vessel. 
The filaments prolonged on the anterior communicating artery connect the 
sympathetic nerves of the right and left sides. 


The Cervical Portion oe the Sympathetic System 

The cervical portion of each sympathetic trunk consists of three ganglia 
distinguished, according to their positions, as the superior, middle, and inferior, 
and connected by intervening cords. This portion receives no white rami com- 
municantes from the cervical spinal nerves ; its spinal fibres are derived from 
the white rami communicantes of the upper thoracic nerves, and enter the 
corresponding thoracic ganglia of the sympathetic trunk, through which they 
ascend into the cervical ganglia. 

The superior cervical ganglion, the largest of the three, is placed opposite 
the second and third cervical vertebrae. It is of a reddish-grey colour and 
usually fusiform in shape, sometimes broad and flattened, and occasionally 
constricted at intervals ; it is believed to be formed by the coalescence of 
four ganglia, corresponding with the upper four cervical nerves. It is in relation, 
in front, with the sheath of the internal carotid artery and internal jugular 
vein ; behind, with the Longus capitis muscle. The internal carotid nerve 
(p. 973) ascends from the upper end of the ganghon into the cranial cavity ; 
the lower end of the ganghon is united by the connecting trunk with the middle 
cervical ganglion. 

Its branches may be divided into lateral, medial, and anterior. 

The lateral branches of the superior cervical ganglion consist of grey 
rami communicantes to the upper four cervical nerves and to certain of the 
cerebral nerves. Sometimes the branch to the fourth cervical nerve comes 
from the trunk connecting the superior and middle cervical ganglia. Delicate 
filaments run to the ganghon nodosum of the vagus, and to the hypoglossal 
nerve ; and a branch, named the jugular nerve , ascends to the base of the 
skull, and divides into two twigs, one of which joins the petrous ganghon of 
the glossopharyngeal, and the other the jugular ganghon of the vagus. 

The medial branches of the superior cervical ganghon are the laryngo- 
pharyngeal branches and the superior cardiac nerve. 

The laryngopharyngeal branches pass to the side of the pharynx, where they 
join with branches from the glossopharyngeal and vagus nerves to form the 
pharyngeal plexus . From this plexus branches pass to the muscles and mucous 
membrane of the pharynx, and communicate with the superior laryngeal nerve. 

The superior cardiac nerve arises by two or more branches from the superior 
cervical ganglion, and occasionally receives a filament from the trunk connecting 
the superior with the middle cervical ganghon. It runs down the neck behind the 
common carotid artery, and in front of the Longus colli muscle ; and crosses 
in front of the inferior thyreoid artery, and recurrent nerve. The course of 
the nerve of the right side then differs from that of the left. The right nerve , 
at the root of the neck, passes either in front of or behind the subclavian artery, 
and along the innominate artery to the back of the arch of the aorta, where it 
joins the deep part of the cardiac plexus. It is connected with other branches 
of the sympathetic ; about the middle of the neck it receives filaments from 
the external laryngeal nerve ; lower down, one or two twigs (upper cervical 
branches) from the vagus nerve join it ; and as it enters the thorax it is joined 
by a filament from the recurrent nerve. Filaments from the nerve communicate 
with the thyreoid branches from the middle cervical ganglion. The left nerve , 
in the thorax, runs in front of the left common carotid artery and across the 
left side of the arch of the aorta, to -the superficial part of the cardiac plexus. 
Sometimes it descends on the right side of the aorta and ends in the deep 
part of the cardiac plexus. 

The anterior branches of the superior cervical ganglion ramify upon the 
common carotid artery, and upon the external carotid artery and its branches, 
forming around each a delicate plexus in which small ganglia are occasionally 
found. The plexus surrounding the external maxillary artery supplies a 
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filament to the submaxillary ganglion, and the plexus on the middle meningeal 
artery sends one offset to the otic ganglion, and another, the external petrosal 
nerve , to the genicular ganglion. 

The middle cervical ganglion, the smallest of the three cervical ganglia, 
is occasionally wanting. It is placed opposite the sixth cervical vertebra, 
usually in front of, or close to, the inferior thyreoid artery. It is probably 
formed by the coalescence of two ganglia corresponding with the fifth and 
sixth cervical nerves. 

The ganglion sends grey rami coninmnicantes to the fifth and sixth cervical 
nerves, and gives off thyreoid branches, and the middle cardiac nerve. It is 
connected to the inferior cervical ganglion by two or more cords, one of which 
forms a loop around the subclavian artery, and supplies offsets to it. This loop 
is named the ansa subclavia ( Vieussenii ) . 

The thyreoid branches run along the inferior thyreoid artery to the thyreoid 
gland ; they communicate with the superior cardiac, external laryngeal and 
recurrent nerves. 

The middle cardiac nerve, the largest of the three cardiac nerves, arises from 
the middle cervical ganglion, or from the trunk connecting the middle with 
the inferior cervical ganglion. On the right side it descends behind the common 
carotid artery, and at the root of the neck runs either in front of or behind the 
subclavian artery ; it then descends on the trachea, receives a few filaments 
from the recurrent nerve, and joins the right half of the deep part of the cardiac 
plexus. In the neck, it communicates with the superior cardiac and recurrent 
nerves. On the left side, the middle cardiac nerve enters the thorax between 
the left carotid and subclavian arteries, and joins the left half of the deep part 
of the cardiac plexus. 

The inferior cervical ganglion is situated between the base of the 
transverse process of the last cervical vertebra and the neck of the first rib, 
on the medial side of the costocervical trunk. Its form is irregular ; it is 
larger than the middle cervical ganglion, and is frequently fused with the 
first thoracic ganglion. It is probably formed by the coalescence of two ganglia 
corresponding with the seventh and eighth cervical nerves. 

The ganglion sends grey rami communicantes to the seventh and eighth 
cervical nerves, gives off the inferior cardiac nerve, and supplies branches to 
blood-vessels. 

The inferior cardiac nerve arises from either the inferior cervical or the first 
thoracic ganglion. It descends behind the subclavian artery and along the front 
of the trachea, to join the deep part of the cardiac plexus. Behind the subclavian 
artery it communicates with the recurrent nerve and the middle cardiac nerve. 

The offsets to blood-vessels form plexuses on the subclavian artery and its 
branches. The plexus on the vertebral artery is continued on the basilar, 
posterior cerebral, and cerebellar arteries. The plexus on the inferior thyreoid 
artery accompanies the artery to the thyreoid gland, and communicates with 
the recurrent and external laryngeal nerves, with the superior cardiac nerve, 
and with the plexus on the common carotid artery. 


The Thoracic Portion of the Sympathetic System (fig. 934 ) 

The thoracic portion of the sympathetic trunk consists on either side of a 
series of ganglia, which usually correspond in number to that of the thoracic 
spinal nerves ; but, on account of the occasional coalescence of two ganglia, their 
number is variable. The thoracic ganglia, with the exception of the last two, 
rest against the heads of the ribs, and are covered by the costal pleura ; the last 
two are placed on the sides of the bodies of the eleventh and twelfth thoracic 
vertebrae. The ganglia are small, and of a greyish colour, and are connected 
together by the intervening portions of the trunk. The first is larger than 
the others, and of an elongated form ; it is frequently blended with the inferior 
cervical ganglion. 

Two rami communicantes, a white and a grey, connect each ganglion with 
its corresponding spinal nerve. 

The branches from the upper five ganglia are very small ; they supply filaments 
to the thoracic aorta and its branches. On the aorta they form, together 
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with filaments from the greater splanchnic nerve, a delicate plexus (plexus 
aoriicus thoracalis). Twigs from the second, third, and fourth ganglia enter 
the posterior pulmonary plexus. 

The branches from the lower seven ganglia are large, and white in’ colour ; 
they distribute filaments to the aorta, and unite to form the greater, the lesser) 
and the lowest splanchnic nerves. 


Fig. 934. — The thoracic portion of the left sympathetic trunk. 



The greater splanchnic nerve is of a considerable size, and consists mainly of 
medullated fibres ; it is formed by branches from the fifth to the ninth or tenth 
thoracic ganglia, but the fibres in the higher branches may be traced upwards 
in the sympathetic trunk as far as the first or second thoracic ganglion. It 
descends obliquely on the bodies of the vertebrae, perforates the crus of the 
Diaphragm, and ends in the coeliac ganglion. A ganglion (ganglion splanchnicum) 
exists on this nerve opposite the eleventh or twelfth thoracic vertebra. 

The lesser splanchnic nerve is formed by filaments from the ninth and tenth, 
sometimes the tenth and eleventh, thoracic ganglia, and from the trunk between 
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;lie ganglia. It pierces the Diaphragm with the preceding nerve, and joins the 
lorticorenal ganglion. 

The lowest splanchnic nerve arises from the last thoracic ganglion. It pierces 
he Diaphragm with the sympathetic trunk, and ends in the renal plexus. 

A striking analogy exists between the splanchnic and the cardiac nerves. 
The cardiac nerves, three in number, arise from the cervical ganglia, and are 
listributed to a large and important organ in the thoracic cavity. The splanchnic 
lerves, also three in number, arise from the thoracic ganglia, and are distributed 
}0 organs in the abdominal cavity. 


The Abdominal Portion of the Sympathetic System (fig. 935) 

The abdominal portion of each sympathetic trunk is situated in front of the 
trertebral column, along the medial margin of the Psoas maj or. It consists usually 


Fig. 935. — The abdominal portion of the sympathetic trunks, with the coeliac and 
aortic plexuses. (After Henle.) 
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3 f four lumbar ganglia, connected together by the intervening portions of the 
trunk. It is continuous above with the thoracic portion, beneath the medial 
lumbocostal arch ; below with the pelvic portion, behind the common iliac artery. 

Grey rami communicantes pass from all the ganglia to the lumbar spinal 
aerves. The first and second, and sometimes the third, lumbar nerves send 
white rami communicantes to the corresponding ganglia. The rami communi- 
jantes are of considerable length, and accompany the lumbar arteries around 
she sides of the bodies of the vertebrae, beneath the fibrous arches which give 
origin to some of the fibres of the Psoas major. 

Of the branches of distribution , some pass in front of the aorta, and join 
bhe abdominal aortic plexus ; others descend in front of the common iliac 
arteries, and assist in forming the hypogastric plexus. 
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The Pelvic Portion of the Sympathetic System (fig. 933) 

The pelvic portion of each sympathetic trunk is situated in front of the 
sacrum, medial to the anterior sacral foramina. It consists of four or five 
small sacral ganglia, connected by the intervening portions of the trunk. It 
is continuous above with the abdominal portion, while below, the two pelvic 
sympathetic trunks converge, and unite on the front of the coccyx in a small 
ganglion, the ganglion impar or coccygeal ganglion . 

Grey rami communicantes pass from the ganglia to the sacral and coccygeal 
nerves. No white rami communicantes pass to this part of the sympathetic 
trunk, but the visceral branches ( 'pelvic splanchnic nerves of GasJcell) which arise 
from the second, third and fourth sacral nerves (p. 969), and run through the 
pelvic plexuses of the sympathetic, are regarded as white rami communicantes. 

The branches of distribution communicate on the front of the sacrum with 
the corresponding branches from the opposite side ; twigs from the first two 
ganglia join the pelvic plexuses, and others form a plexus on the middle sacral 
artery. Filaments are distributed to the glomus coccygeum (coccygeal body) 
from the loop uniting the two trunks. 

The following facts concerning the course of the sympathetic nerve-fibres have been 
arrived at by experiments on lower animals, chiefly dogs, but they probably hold good for 
tiio In: man syrnpa: hetie system : — 

TS-o p;vg;U‘gi:on:c sympathetic fibres for the head and neck leave the medulla spinalis 
through^he upper five thoracic nerves (chiefly through the seeopd and third nerves). 
They ascend in the cervical part of the sympathetic trunk and end in the superior 
cervical ganglion. The fibres arising from the cells of this ganglion are vasoconstrictor 
for the blood-vessels, secretory for the salivary and sudoriferous glands, and dilator for 
the pupil. 

The accelerator fibres of the heart leave mainly through the second and third thoracic 
nerves and pass to the stellate ganglion.* From the cells of this ganglion and of the 
inferior cervical ganglion, fibres are distributed to the heart. 

Fibres leave the thoracic spinal nerves (mainly the lower six) and are conveyed 
through the splanchnic nerves to the coeliac ganglion, from the cells of which fibres pass 
to the blood-vessels and viscera of the abdominal cavity. Fibres from the lower thoracic 
and upper three or four lumbar nerves pass through the ganglia of the lumbar part of the 
sympathetic trunk to the inferior mesenteric ganglion ; from this ganglion fibres are 
conveyed through the hypogastric and pelvic plexuses to the pelvic viscera. 

No spinal fibres pass from the sacral nerves to the sympathetic trunks, but the visceral 
branches of the second, third and fourth sacral nerves correspond to white rami com- 
municantes and enter the pelvic sympathetic plexuses. vFrom these plexuses fibres are 
conveyed to the pelvic viscera, and vasodilator fibres (nervi erigentes) to the penis. 

The constrictor fibres for the blood-vessels of the upper limbs leave the thoracic 
nerves from about the fourth to the tenth inclusive ; those for the lower limbs through the 
lower two or three thoracic and upper three lumbar nerves; the former have their 
“cell-station” in the stellate ganglion, the latter in the sixth and seventh lumbar and 
first sacral ganglia. 


THE GREAT PLEXUSES OF THE SYMPATHETIC 

The great plexuses of the sympathetic are aggregations of nerves and 
ganglia, situated in the thoracic, abdominal, and pelvic cavities, and named 
the cardiac, coeliac, and hypogastric plexuses. They consist not only of 
sympathetic fibres derived from the ganglia, but of fibres from the medulla 
spinalis, which are conveyed through the white rami communicantes. From 
the plexuses branches are given to the thoracic, abdominal, and pelvic viscera. 


The Cardiac Plexus (fig. 933) 

The cardiac plexus is situated at the base of the heart, and is divided 
into a superficial and a deep part, which are, however, closely connected. 

The superficial part of the cardiac plexus lies beneath the arch of 
the aorta, in front of the right pulmonary artery. It is formed by the superior 

* In the dog the upper four thoracic ganglia of the sympathetic trunk are fused into one 
mass which is named the stellate ganglion. 
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cardiac branch of the left sympathetic trunk and the lower of the superior 
cardiac branches of the left vagus. A small ganglion, the cardiac ganglion of 
Wrisberg , is usually found in this plexus, and is situated immediately beneath 
the arch of the aorta, on the right side of the ligament uni arteriosum. The 
superficial part of the cardiac plexus gives branches (a) to the deep part of 
the plexus ; (b) to the anterior coronary plexus ; and (c) to the left anterior 
pulmonary plexus. 

The deep part of the cardiac plexus is situated in front of the bifurcation 
of the trachea, above the point of division of the pulmonary artery, and behind 
the aortic arch. It is formed by the cardiac nerves derived from the cervical 
vanglia of the sympathetic trunk, and the cardiac branches of the vagus and 
recurrent nerves. The only cardiac nerves which do not join the deep part 
of the cardiac plexus are the superior cardiac nerve of the left sympathetic 
trunk, and the lower of the superior cardiac branches from the left vagus nerve, 
which pass to the superficial part of the plexus. 

The branches from the right half of the deep part of the cardiac plexus pass, 
some in front of, and others behind, the right pulmonary artery ; the former, 
the more numerous, transmit a few filaments to the anterior pulmonary plexus, 
and are then continued onwards to form part of the anterior coronary plexus ; 
those behind the pulmonary artery distribute a few filaments to the right 
atrium, and are then continued onwards to form part of the posterior coronary 
nlexus. 

1 The left half of the deep part of the cardiac plexus is connected with the 
superficial part of the plexus, and gives filaments to the left atrium, and to the 
anterior p ulm onary plexus, and is then continued to form the greater part of 
the posterior coronary plexus. . 

The posterior coronary plexus is larger than the anterior, and accom- 
panies the left coronary artery ; it is formed chiefly hy filaments prolonged 
from the left half of the deep part of the cardiac plexus, and by a few from 
the right half. It gives branches to the left atrium and ventricle. 

The anterior coronary plexus is formed partly from the superficial and 
partly from the deep parts of the cardiac plexus. _ It accompanies the right 
coronary artery, and gives branches to the right atrium and ventricle. 

The upper cardiac nerves are distributed to the ascending aorta, the pulmonary artery 
and the ventricles ; the lower cardiac nerves, to the atria. 


The Coeliac Plexus (figs. 933 , 935 , 936 ) 

The coeliac or solar plexus, the largest of the three great sympathetic 
plexuses is situated at the level of the upper part of the first lumbar vertebra, 
and is composed of a pair of large ganglia, the coeliac ganglia, and a dense net- 
work of nerve-fibres uniting them together. It surrounds the coeliac artery arid 
the root of the superior mesenteric artery. It lies behind the stomach and the 
omental bursa, in front of the crura of the Diaphragm and the commencement 
of the abdominal aorta, and between the suprarenal glands. The plexus and 
the ganglia receive the greater and lesser splanchnic nerves of both sides and 
some filaments from the right vagus, and give off numerous secondary plexuses 

along the neighbouring arteries. . . , , . 

The coeliac or semilunar ganglia are two large irregularly-shaped masses 
having the appearance of lymph-glands, and placed, one on either side of the 
middle line in front of the crura of the Diaphragm close to the suprarenal glands, 
that on the right side being placed behind the inferior vena cava The upper 
part of each ganglion is joined by the greater splanchnic nerve, while the lower 
part which is more or less detached, and named the aorticorenal ganghon receives 
the lesser -splanchnic nerve and gives off the greater part of the renal plexus. 

The secondary plexuses springing from or connected with the coeliac plexus 

jare the following : 

Phrenic. Renal. . 

Hepatic. Spermatic. . 

Superior mesenteric. 

Superior gastric; Abdominal aortic. 

Suprarenal. Inferior mesenteric. 
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The phrenic plexus accompanies the inferior phrenic artery to the Dia- 
phragm, some filaments passing to the suprarenal gland. It arises from the 
upper part of the coeliac ganglion, and is larger on the right than on the left 
side. It receives one or two branches from the phrenic nerve. At the point 
of junction of the right phrenic plexus with the phrenic nerve is a small ganglion 
(ganglion phrenicum). This plexus distributes some branches to the inferior 
vena cava, and to the suprarenal and hepatic plexuses. 


Fig. 936. — The coeliac ganglia with the sympathetic plexuses of the abdominal 
viscera radiating from the ganglia. (From Toldt’s 4 Atlas, 5 published by 
Messrs. Rebman, Ltd., London.) J 
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plexus, left coeliac ganglion, and right vagus nerve. It accompanies the lienal 
artery to the spleen, giving off, in its course, subsidiarv plexuses along the 
various branches of the artery. 

The superior gastric plexus accompanies the left gastric artery along the 
lesser curvature of the stomach, and joins with branches from the left vagus. 

The suprarenal plexus is formed by branches from the cceliac plexus, 
from the coeliac ganglion, and from the phrenic and greater splanchnic nerves, 
a ganglion being formed at the point of junction with the latter nerve. The 
plexus supplies the suprarenal gland, and is distributed chiefly to its medullary 
portion ; its branches are remarkable for their large size in comparison with 
that of the organ they supply. 

The renal plexus is formed by filaments from the cceliac plexus, the 
aortieorenal ganglion, and the aortic plexus. It is joined also by the smallest 
splanchnic nerve. ^ The nerves from these sources, fifteen or twenty in number, 
have a few ganglia developed upon them. They accompany the branches of 
the renal artery into the kidney ; some filaments are distributed to the spermatic 
plexus and to the ureter, and, on the right side, to the inferior vena cava. 

The spermatic plexus is derived from the renal plexus, receiving branches 
from the aortic plexus. It accompanies the testicular artery to the testis. 
In the female, the ovarian plexus arises from the renal plexus, and, accom- 
panying the ovarian artery, is distributed to the ovary, and the fundus of 
the uterus. 

Applied Anatomy . — The intimate connexion which exists between the renal and 
spermatic plexuses serves to explain the very frequent symptom, in renal calculus, of 
pain which is referred to the testis. 

The superior mesenteric plexus is a continuation of the lower part of 
the cceliac plexus, and receives a branch from the junction of the right vagus 
nerve with the latter plexus. It surrounds the superior mesenteric artery,, 
accompanies it into the mesentery, and divides into a number of secondary 
plexuses which are distributed to the parts supplied by the artery, viz. pancreatic 
branches to the pancreas ; jejunal and ileal branches, to the small intestine ; 
ileocolic, right colic, and middle colic branches, which supply the corre- 
sponding parts of the great intestine. The nerves composing this plexus are 
white in colour and firm in texture ; in the upper part of the plexus close to 
the origin of the superior mesenteric artery is the superior mesenteric ganglion . 

The abdominal aortic plexus is formed by branches derived, on either 
side, from the coeliac plexus and ganglia, and receives filaments from some 
of the lumbar ganglia. It is situated upon the sides and front of the aorta, 
between the origins of the superior and inferior mesenteric arteries. From this 
plexus arise parts of the spermatic, the inferior mesenteric, and the hypogastric 
plexuses ; it also distributes filaments to the inferior vena cava. 

The inferior mesenteric plexus is derived chiefly from the aortic plexus. 
It surrounds the inferior mesenteric artery, and just below the origin of this 
vessel the inferior mesenteric ganglion is situated. The plexus divides into a 
number of secondary plexuses, which are distributed to all the parts supplied 
by the artery ; thus the left colic and sigmoid plexuses supply the descending 
and sigmoid parts of the colon ; and the superior hemorrhoidal plexus supplies 
the rectum and joins in the pelvis with branches from the pelvic plexuses. 


The Hypogastric Plexus (fig. 933) 

The hypogastric plexus is situated in front of the last lumbar vertebra 
and the promontory of the sacrum, between the two common iliac arteries. 
It is formed by. the union of numerous filaments, which descend on either 
side from the aortic plexus, and from the lumbar ganglia. It divides, below, 
into two lateral portions which are named the pelvic plexuses. 


The Pelvic Plexuses (fig. 933) 

p The pelvic plexuses supply the viscera of the pelvic cavity, and are 
situated at the sides of the rectum in the male, and at the sides of the rectum 
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and vagina in the female. They are formed on either side by a continuation 
of the hypogastric plexus, by the visceral branches from the second, third, 
and fourth sacral nerves, and by a few filaments from the first two ganglia 
of the sacral part of the sympathetic trunk. At the points of junction of these 
nerves small ganglia are found. From these plexuses numerous branches are 
distributed to the viscera of the pelvis. They accompany the branches of the 
hypogastric artery. 

The middle hemorrhoidal plexus arises from the upper part of the 
pelvic plexus ; it supplies the rectum, and joins with branches of the superior 
hsemorrhoidal plexus. 

The vesical plexus arises from the fore part of the pelvic plexus. The 
nerves composing it are numerous, and contain a large proportion of spinal 
nerve-fibres. They accompany the vesical arteries, and are distributed to the 
sides and fundus of the bladder. Numerous filaments also pass to the vesiculse 
seminales and ductus deferentes ; those accompanying the ductus deferentes. 
join, on the spermatic cords, with branches from the spermatic plexuses. 

The prostatic plexus is continued from the lower part of the pelvic plexus. 
The nerves composing it are of large size. They are distributed to the prostate, 
vesiculae seminales, and the corpora cavernosa of the penis and urethra. The 
nerves supplying the corpora cavernosa consist of two sets, the lesser and 
greater cavernous nerves, which arise from the fore part of the prostatic plexus, 
and, after joining with branches from the pudendal nerve, pass forwards 
beneath the pubic arch. 

The lesser cavernous nerves perforate the fibrous covering of the penis, near 
its root, and are distributed to its erectile tissue. 

The greater cavernous nerve passes forwards along the dorsum of the penis, 
joins with the dorsal nerve of the penis, and is distributed to the corpora 
cavernosa. 

The vaginal plexus arises from the lower part of the pelvic plexus. It 
is distributed to the walls of the vagina and to the erectile tissue of the vestibule. 
The nerves composing this plexus contain, like the vesical, a large proportion 
of spinal nerve-fibres. 

The uterine plexus accompanies the uterine artery along the side of the 
uterus, between the layers of the broad ligament, and communicates with 
the ovarian plexus. Its fibres are chiefly distributed to the neck, and the 
lower part of the body, of the uterus. At the side of the neck of the uterus 
is a collection of small ganglia which together form the uterine cervical ganglion . 

Applied Anatomy .— Little is known as to the connexion between the n um erous micro- 
scopical alterations (pigmentation, atrophy, haemorrhage, fibrosis) that have been 
described in the sympathetic nervous system, and the functional changes that ensue 
therefrom. Grosser lesions due to stabs, bullet-wounds, or the pressure of new growths, 
may cause either irritative or paralytic symptoms. In paralysis of the cervical sym- 
pathetic on one side , the pupil is small and does not dilate when shaded or on the instilla- 
tion of cocaine, although it contracts still further when brightly illuminated; it also* 
loses the ciliospinal reflex, failing to dilate when the skin of the neck is pinched. The 
palpebral fissure narrows from paralysis of the involuntary muscle of the eyelid, and the 
eyeball sinks backwards into the orbit — enophthalmos — either from paralysis of Muller’s 
orbital muscle in the eyelids, which surrounds the eyeball like a conical cuff and tends to 
produce exophthalmos when it contracts, or from wasting of the intra-orbital fat. The 
superficial vessels of the face and scalp are at first dilated, but later they contract. 
Anidrosis, or absence of sweating, is often noted on the affected side. Irritation of the 
cervical sympathetic produces signs mainly the converse of those described above. We 
have no definite knowledge of the signs and symptoms that follow lesions of the thoracic 
or abdominal sympathetic systems. It is likely, however, that a number of nervous 
disorders characterised by persistent vascular disturbances, such as dilatation of the 
vessels with throbbing, flushing, sweating, and localised oedema, or contraction of 
the vessels with pallor, chilliness, pain, and malnutrition of the affected parts, are due to 
implication of the sympathetic nervous system. It is possible, too, that the rare condition 
of progressive facial hemiatrophy , coming on between the ages of ten and twenty, and 
producing marked unilateral shrinkage of all the tissues on the affected side of the face, is 
primarily an affection of the sympathetic. 



THE ORGANS OF THE SENSES AND THE 
COMMON INTEGUMENT 


T HE organs of the senses may be divided into (a) those of the special 
senses of taste, smell, sight, and hearing, and (6) those associated "with 
the general sensations of heat, cold, pain, pressure, &e. 


THE PERIPHERAL ORGANS OP THE SPECIAL SENSES 
The Okgan of Taste 


The peripheral gustatory organs, or organs of taste, consist of certain modified 
epithelial cells arranged in flask-shaped groups termed gustatory calyculi or 
taste-buds, which are found 


on the tongue and adjacent 
parts. They occupy nests 
in the stratified epithelium 


Fic. 937. — A vertical section through a human papilla 
vallata. Stained with hematoxylin and eosin. x 15. 


(fig, 937), and are very . 

numerous on the sides of the , 


papillae vallataa and less so ^ % 

on the walls surrounding the %. $ 

papillae. They are also found ¥ ^ f' 

on the fungiform papillae over 1* i; If |. | j 

the posterior part and sides 
of the tongue, and in the ? 
general epithelial covering of 
the same areas. They are 
very plentiful over the folia 
linguae, just in front of the 
lingual attachment of the 
glossopalatine arch. They 
are also present on the under 
surface of the soft palate, 
and on the posterior surface liy V'V*’ 

of the epiglottis. 

Structure. — Each taste- J^./ • r • c# 

bud is flask-shaped (fig. 938), ^ • 

its broad base resting on the 
corium, and its neck opening 

by an orifice, the gustatory pore between the cells of the epithelium. The bud 
consists of supporting cells and gustatory cells. The supporting cells are mostly 
arranged like the staves of a cask, and form a complete envelope for the bud. 
Some, however, are found in the interior of the bud between the gustatory 
cells. The gustatory cells occupy the central portion of the bud ; they are 
spindle-shaped, and each possesses a large spherical nucleus near the middle of 
the cell. The peripheral process of the cell ends at the gustatory pore in a 
fine hair-like filament, the gustatory hair . The central process passes towards 
the deep extremity of the bud, and there ends in a single or branched 
extremity. The nerve-fibres, after losing their medullary sheaths, enter the 
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gives off a few filaments, winch, pierce the fascia lata, to supply the skin of 
the medial side of the thigh, in the neighbourhood of the great saphenous 
vein ; one of these filaments emerges through the fossa ovalis, and a second 
becomes subcutaneous about the middle of the thigh. The anterior branch 
runs downwards on the Sartorius, perforates the fascia lata at the junction 
of the middle with the lower one-third of the thigh, and divides into two 
branches : one supplies the skin as low as the medial side of the knee ; the 
other crosses to the lateral side of the patella, communicating in its course with 
the infrapatellar branch of the saphenous nerve. The posterior branch descends 
along the posterior border of the Sartorius to the knee, where it pierces the 
fascia lata, communicates with the saphenous nerve, and gives off several 
cutaneous branches. It then passes down to supply the skin of the medial side 
of the leg. Beneath the fascia lata, at the lower border of the Adductor longus, 
it joins to form a plexiform network (subsartor ial plexus) with branches of the 
saphenous and obturator nerves. When the communicating branch from the 
obturator nerve is large and continued to the skin of the" leg, the posterior 
branch of the medial cutaneous is small, and terminates in the plexus, occasion- 
ally giving off a few cutaneous filaments. The nerve to the Pectineus arises just 
below the inguinal ligament, passes behind the femoral sheath and enters the 
anterior surface of the muscle ; it is often duplicated. The nerve to the Sartorius 
arises in common with the intermediate cutaneous nerve. 

The posterior division of the femoral nerve gives off the saphenous nerve, 
and supplies muscular branches to the Quadriceps femoris, and articular branches 
to the knee- joint. 

The saphenous nerve (long or internal saphenous nerve) (fig. 922) is the 
largest cutaneous branch of the femoral nerve. It descends on the lateral side 
of the femoral artery and enters the adductor canal (p. 690) where it crosses 
the artery obliquely from its lateral to its medial side. At the low^er 
end of the canal it quits the artery, and emerges through the aponeurotic 
covering of the canal, accompanied by the saphenous branch of the highest 
genicular artery. It descends vertically along the medial side of the knee 
behind the Sartorius, pierces the fascia lata, between the tendons of the Sar- 
torius and Gracilis, and becomes subcutaneous. It then passes along the 
tibial side of the leg, accompanied by the great saphenous vein, descends 
behind the medial border of the tibia, and, at the lower third of the leg, divides 
into two branches : one continues its course along the margin of the tibia, 
and ends at the ankle ; the other passes in front of the ankle, and is distributed 
to the skin on the medial side of the foot, as far as the ball of the great toe, 
communicating with the medial branch of the superficial peronseal nerve. 

About the middle of the thigh, the saphenous nerve gives a branch to 
join the subsartorial plexus. 

At the medial side of the knee it gives off a large infrapatellar branch (fig. 920) 
which pierces the Sartorius and fascia lata, and is distributed to the skin in 
front of the patella. Above the knee this nerve unites w T ith the medial and 
intermediate branches of the femoral nerve ; below r the knee, with other branches 
of the saphenous nerve ; and, on the lateral side of the joint, with branches of 
the lateral femoral cutaneous nerve, forming a plexiform network, the plexus 
patellae. The infrapatellar branch is occasionally small. 

The muscular branches of the posterior division of the femoral nerve supply 
the Quadriceps femoris. The branch to the Rectus femoris enters the upper 
part of the deep surface of the muscle, and supplies a filament to the hip-joint. 
The branch to the Vastus lateralis, of large size, accompanies the descending 
branch of the lateral femoral circumflex artery to the low’er part of the muscle 
and sends an articular filament to the knee-joint. The branch to the Vastus 
medialis descends through the upper part of the adductor canal, on the lateral 
side of the saphenous nerve and the femoral vessels. It enters the muscle 
about its middle, and gives off a filament, which can usually be traced down- 
wards on the surface of the muscle, to the knee-joint. The branches to the 
Vastus intermedius, two or three in number, enter the anterior surface of the 
muscle about the middle of the thigh ; a filament from one of these descends 
through the muscle to the Articularis genus and the knee-joint. 
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Fig. 940. — The cartilages of the nose. 
Inferior aspect. 


of the septum, but its lower part is separated from this cartilage by a narrow 
fissure ; its superior margin is attached to the nasal bone and the frontal 
process of the maxilla ; its inferior margin 
is connected by fibrous tissue with the 
crus laterale of the greater alar cartilage. 

The greater alar cartilage (tigs. iKW). 04 o ; 
is a thin, flexible plate, situated immedi- 
ately below the lateral cartilage, and bent 
upon itself anteriorly in such a manner as 
to form the medial, anterior, and lateral 
walls of the naris. The portion which 
forms the medial wall (crus mediale ) is 
narrow, and is loosely connected with the 
crus mediale of the opposite cartilage and 
with the antero -inferior border of the 
cartilage of the septum ; the medial crura 
of the greater alar cartilages constitute, 
together with the thickened skin and sub- 
■ jacent tissue, the septum mobile nasi. The 
part which forms the lateral wall (crus laterale) is curved to correspond with 
the ala of the nose ; its posterior end is narrow, and is connected with the 
frontal process of the maxilla by a tough fibrous membrane, in which are found 
three or four small cartilaginous plates, the lesser alar cartilages. Its upper 
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Fig. 941. — The bones and cartilages of the septum of the nose. Right lateral 

aspect. 
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edge is connected by fibrous tissue to the lateral cartilage, its lower edge falls 
short of the lateral margin of the naris, the lower part of ala nasi being formed 
by fatty and fibrous tissue covered with skin. In front, the greater alar carti- 
lages are separated by a notch which corresponds with the apex of the nose. 

The ?nusdes acting on the external nose have been described on p. 440. 

The skin of the dorsum and sides of the nose is thin, and loosely connected with the 
subjacent parts; but over the tip and nke it is thicker and more firmly adherent, and is 
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" krge Mmber ° f SSbaCeOUS f0llicles > th « “ifices of which are usually 
Sides being supplied from the dorsal nasal branch of the ophthalmic artery and°tV, U ™ ? nd 

ophthalmic nerve, and from the infra-orbital branch of the maxilkry nerve an ° heS ° f tte 
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and communicate behind with the meal part of the ph^'a^^S 

Eia. 942.— A transverse section through the anterior nart of i. j . , 
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T he mares are somewhat pear-shaped apertures, each measuring 
trom 1 6 cm. to 2 cm. anteroposteriorly, and from 0 5 cm. to 1 cm. trans- 
versely at its widest part. The choance are two oval openings each measuring 
about 2-5 cm. m the vertical, and 1-25 cm. in the transverse direction. S 

hor the description of the honv boundaries of the nasal cavities, see p. 264. 
, t , he aperture of the nostril is a slight dilatation, the vestibule (fig. 943), 

modvn d if te +n Uy ala and , tbe lateral crus of the greater alar cartilage, and 

to^rdfthe ^ me ^fu CrUS 0t ™ same cartila g e : it extends as a small recess 
towards the apex of the nose. The vestibule is lined by skin, and in its lower 

w«vdf re a r arSe h f lrS fff se , baceous glands i the hairs (vibrissas) curve down- 

wittfthe c>f^Anf rd f and . tead t0 a^ft the passage of foreign substances carried 
with the current of inspired air. The vestibule is limited above and behind by 

vestibule if !w'° n ’ the nasi ’ alon g w hich the cutaneous lining of the 

stibule is continuous with the mucous membrane of the nasal cavity. 
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THE NASAL CAVITIES 

Each nasal cavity, above and behind the vestibule, is divided into two 
parts : an olfactory region, limited to the superior nasal concha and the opposed 
part of the septum, and a respiratory region, which comprises the rest of the 
cavity. 

Lateral wall (figs. 943, 944).— On the lateral wall are the superior, middle, 
and inferior nasa conchse, and below and lateral to each concha is the corre- 
sponding nasal passage or meatus. . Above the superior concha is a triangular 
fossa, the spheno- ethmoidal recess , into which the sphenoidal air-sinus opens. 
The supenor meatus is a short oblique passage extending about half -wav 
along the upper border of the middle concha ; the posterior ethmoidal air- 
sinuses open, usually by two apertures, into the front part of this meatus. 


Fig. 943. The lateral wall of the right nasal cavity. Medial aspect. 



Pharyngeal orifice of auditory tube Pharyngeal recess 


The middle meatus , deeper in front than behind, is below and lateral to the 
middle concha, and is continued anteriorly into a shallow depression, situated 
above the vestibule and named the atrium of the middle meatus. Above the 
atrium a flattened ridge, the agger nasi, runs forwards and downwards ; it 
is better developed in the new-born child than in the adult ; the furrow above 
it is named the sulcus olfactorius. On raising or removing the middle concha 
the lateral wall of this meatus is fully displayed. On it is a round elevation, 
the bulla ethmoidalis, and below and in front of this is a curved cleft, the 
hiatus semilunaris. The bulla ethmoidalis is caused by the bulging of the 
middle ethmoidal air-sinuses which open on or immediately above it, and the 
size of the bulla varies with that of its contained sinuses. The hiatus semilunaris 
is bounded interiorly by the sharp concave margin of the uncinate process 
of the ethmoidal bone, and leads into a curved channel, the infundibulum , 
bounded above by the bulla ethmoidalis and below by the lateral surface of the 
uncinate process of the ethmoidal bone. The anterior ethmoidal air-sinuses 
open into the front part of the infundibulum ; the latter in rather more than 
50 per cent, of subjects is continuous with the frontonasal duct or passage 
leading from the frontal air-sinus ; but in those cases where the anterior end of 
the uncinate process fuses with the front part of the bulla, this continuity is 
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interrupted and the frontonasal duct then opens directly into the anterior end 
of the middle meatus. Below the bulla ethmoidalis, and partly hidden by 
the inferior end of the uncinate process, is the ostium maxillare, or opening 
from the maxillary air- sinus ; in a frontal section of the nose this opening 
is seen to be placed near the roof of the sinus. An accessory opening from the 
maxillary air-sinus is frequently present below and behind the infundibulum. 
The inferior meatus is below and lateral to the inferior nasal concha ; the 
nasolacrimal duct opens into this meatus under cover of the anterior part of 
the inferior concha. 

Medial wall (fig. 941). — The medial wall or septum is frequently more or 
less deflected from the median plane, thus lessening the size of one nasal cavity 


Fig. 944. — The lateral wall of the light nasal cavity ; the three nasal conchte 
have been removed. 
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and increasing that of the other ; ridges or spurs of bone sometimes project* 
into one or other cavity from the septum. Immediately over the incisive canal 
at the lower edge of the cartilage of the septum a depression, the nasopalatine 
recess , is sometimes seen ; it points downwards and forwards, and occupies, 
the position of a canal which connected the nasal with the buccal cavity in 
early foetal fife. In the septum close to this recess a minute orifice may be 
discerned ; it leads backwards into a blind pouch, the rudimentary vomeronasal 
organ of Jacobson , which is supported by a strip of cartilage, the vomeronasal 
cartilage. This organ is well developed in many of the lower animals, where- 
it apparently plays a part in the sense of smell, since it is supplied by twigs 
of the olfactory nerve and is fined by epithelium similar to that in the olfactory 
region of the nose. 

The roof of the nasal cavity is narrow from side to side, except at its posterior 
part, and may be divided, from behind forwards, into sphenoidal, ethmoidal, 
and frontonasal parts, corresponding to the bones which enter into itss 
formation. . 
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The floor is concave from side to side, flat and almost horizontal anfcero- 
posteriorly ; its anterior three-fourths are formed by the palatine process of 
the maxilla, its posterior one-fourth by the horizontal part of the palatine 
bone. 

The nasal mucous membrane lines the nasal cavities with the exception 
of the vestibules, and is intimately adherent to the periosteum or perichondrium. 
It is continuous with the mucous membrane of the nasal part of the pharynx , 
through the choanse ; with the conjunctiva, through the nasolacrimal and 
lacrimal ducts ; and with the mucous membranes of the sphenoidal, ethmoidal, 
frontal, and maxillary air-sinuses, through the openings of these sinuses. 

The mucous membrane is thickest and most vascular over the nasal conchse, 
especially at their extremities. It is also thick over the septum nasi, but 
very thin in the meatuses, on the floor of the nasal cavities, and in the various 
air-sinuses. Owing to the thickness of the membrane, the nasal cavities are 
much narrower, and the middle and inferior nasal conchse larger and more 
prominent than they appear in the skeleton ; for the same reason the various 
apertures communicating with the meatuses are also considerably narrowed. 


Fig. 945. — A section through the olfactory mucous membranes. (Cadiat.) 



a. Epithelium. &. Glands of Bowman, e. Xerve -bundles. 


Structure of the mucous membrane (fig. 945). — The epithelium of the mucous 
membrane differs in its characteristics according to the functions of the part 
•of the nose in wdiich it is found. In the respiratory region it is columnar and 
•ciliated. Interspersed among the columnar cells are goblet or mucous cells, 
while between their bases are found smaller pyramidal cells. Beneath the 
■epithelium and its basement-membrane is a fibrous layer infiltrated with 
lymph-corpuscles, forming in many parts a diffuse adenoid tissue, and under 
this a nearly continuous layer of mucous and serous glands, the ducts of which 
•open upon the surface. In the olfactory region the mucous membrane is yellowish 
in colour and the epithelial cells are of two kinds, supporting cells and olfactory 
•cells. The supporting cells contain oval nuclei, which are situated in the deeper 
parts of the cells and constitute the zone of oval nuclei ; the superficial part of 
•each cell is columnar, and contains granules of yellow pigment, while its deep 
part is prolonged as a delicate process which ramifies, and communicates with 
similar processes from neighbouring cells so as to form a network in the mucous 
membrane. Lying between the deep processes of the supporting cells are a 
number of bipolar nerve-cells, the olfactory cells, each consisting of a small 
amount of granular protoplasm with a large spherical nucleus, and possessing 
iwo processes — a superficial process which runs between the columnar epithelial 
•cellsrand ends at the surface of the mucous membrane in one or more fine, 
hair-like processes, the olfactory hairs ; the deep process runs inwards, is 
frequently beaded, and is continued as an olfactory nerve-fibre (p. 885). Beneath 
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the epithelium, and extending through the thickness of the mucous membrane 
is a layer of tubular, often branched, glands, the glands of Bowman similar in 
structure to serous glands. m 


Vessels and Nerves.— The arteries of the nasal cavities are the anterior and nosterin,. 
ethmoidal branches of the ophthalmic artery, which supply the ethmoidal and frontal 
air-smuses, and the roof of the nose ; the sphenopalatine branch of the internal maxillarv 
artery, winch supplies the mucous membrane covering the concha?, the meatuses ms 
septum ; the septal ramus of the superior labial branch of the external maxillarv arterv • 
the infra-orbital and alveolar branches of the internal maxillary artery, which sudoIv tbi 
hrnng membrane of the maxillary air-sinus ; and the pharyngeal branch of the same arterv 
distributed to the sphenoidal air-sinus. The ramifications of these vessels form a 
plexiform network, beneath and in the substance of the mucous membrane. 6 


Fig. 946.— The nerves of the right side of the septum of the i 
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the ethmoidal bone and enter the under surface of the olfactory bulbs, in which they ramify 
and form synapses with the dendrites of the mitral cells (fig. 876). Closely associated with 
the olfactory nerves are the nervi terminales (p. 885*). 


The Accessory Air-sinuses of the Nose (figs. 942, 943, 944, 947) 

The accessory air-sinuses of the nose are the frontal, ethmoidal, sphenoidal, 
and maxillary ; they vary in size and form in different individuals, and are lined 
by mucous membrane continuous with that of the nasal cavities. 

The frontal air-sinuses, two in number, are situated behind the superciliary 
arches ; they are rarely symmetrical, and the septum between them frequently 
deviates to one or other side of the middle line. Their average measurements are 
as follows : height, 3T6 cm. ; breadth, 2*58 cm. ; depth from before backwards. 


Fig. 947. — A coronal section through the nasal cavities. 
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1*8 cm. Each opens into the anterior part of the corresponding middle meatus of 
the nose through the frontonasal duct, which traverses the anterior part of the 
labyrinth of the ethmoid. Small at birth, they are generally fairly well developed 
between the seventh and eighth years, but only reach their full size after puberty. 

The ethmoidal air-sinuses consist of numerous thin-walled cavities situated in the 
ethmoidal labyrinth, and completed by the frontal, maxillary, lacrimal, sphenoidal 
and palatine bones. They lie between the upper parts of the nasal cavities and the 
orbits, and are separated from the latter by the laminiu papyracese. On either side 
they are arranged in three groups, anterior, middle, and posterior. The anterior 
and middle groups open into the middle meatus of the nose, the former by way of 
the infundibulum, the latter on or above the bulla ethmoidalis. The posterior 
air-sinuses open into the superior meatus under cover of the superior nasal concha ; 
sometimes one or more opens into the sphenoidal air-sinus. The ethmoidal air-sinuses 
begin to develop during foetal life. 

The sphenoidal air-sinuses, two in number, are placed behind the upper parts of 
the nasal cavities, and are contained within the body of the sphenoidal bone. 
Above them are the optic chiasma and the hypophysis cerebri (pituitary body) ; 
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lateral to them are the internal carotid arteries and the cavernous sinuses. 
They vary in size and shape, and, owing to the lateral displacement of the 
intervening septum, are rarely symmetrical. The following are their average 
measurements : vertical height, 2 cm. ; transverse breadth, 1 *8 cm. , antero- 
posterior depth, 2-1 cm. When exceptionally large they may extend into the roots 
of the pterygoid processes or great wings, and may invade the basilar part of the 
occipital bone. Each air-sinus communicates with the spheno-ethmoidal recess by 
an aperture in the upper part of its anterior wall. They are present as minute 
cavities at birth, but their main development takes place after puberty. 

The maxillary air-sinuses or antra of Highmore, the largest accessory air- 
sinuses of the nose, are pyramidal cavities in the bodies of the maxillse. The base 
of each is formed by the lateral wall of the nasal cavity ; the apex extends into the 
zygomatic process. The roof or orbital wall is frequently ridged by tbe infra-orbital 
canal, while the floor is formed by the alveolar process and is usually about 1 *25 cm. 
below the level of the floor of the nose ; projecting into the floor are several conical 
elevations corresponding with the roots of the first and second molar teeth, and in some 
cases the floor is perforated by one or more of these roots. The size of the maxillary 
air-sinus varies in different skulls, and even on the two sides of the same skull , when 
large, its apex may invade the zygomatic bone. The following measurements are 
those of an average-sized air-sinus : vertical height opposite the first molar tooth, 
3*5 cm.; transverse breadth, 2*5 cm.; anteroposterior depth, 3*2 cm. In the 
anterosuperior part of its base is an opening through which it communicates. with 
the lower part of the hiatus semilunaris ; a second orifice is frequently seen in, or 
i mm ediately behind, the hiatus. The maxillary air-sinus appears as a shallow 
groove on the medial surface of the bone about the fourth month of fcetal life, but 
does not reach its full size until after the second dentition/ 5 ' 

Applied Anatomy. — Instances of congenital deformity of the nose are occasionally 
met with, such as complete absence of the external nose, an aperture only being present, 
or perfect development on one side, and suppression or malformation on the other. 
Deformities which have been acquired are much more common, such as flattening of the 
nose, the result of syphilitic necrosis; or imperfect development of the nasal bones in 
cases of congenital syphilis ; or a lateral deviation of the nose after fracture. 

The septum of the nose may be displaced or may deviate from the middle line as a 
result of an injury or of some congenital defect. Sometimes the deviation may be so 
great that the septum may come into contact with the lateral wall of the nasal cavity, 
producing complete unilateral obstruction. The septum is covered by a mucous mem- 
brane intimately connected with the periosteum ; in cases of deflection of the septum, 
submucous resection is frequently necessary, the septal cartilage and the vomer being 
shelled out from the mucoperiosteum clothing them. Perforation of the septum is not 
uncommon, and most often results from syphilitic ulceration.. . 

Enlargement of the mucous membrane covering the inferior or middle nasal conchae 
is a very frequent accompaniment of chronic nasal catarrh. In old-standing cases the 
bones themselves may become enlarged, constituting the 1 hypertrophied turbinals which 
so often cause nasal obstruction. In the case o >. ‘.he inferior concha either the anterior or 
posterior end is usually more especially affected, giving rise to a reddened mass of tissue 
often confused with a nasal polypus ; the appearances, however, are totally different, as 
the true nasal polypi appear as glistening greyish-white bodies between the conchae. 

Nasal polypi are of frequent occurrence; in the common gelatinous form they spring 
from the lateral wall of the nasal cavity and project down between the conchae, giving 
rise to obstructed nasal respiration. They are always accompanied by purulent dis- 
charge, and are due in all instances to small areas of carious bone in the region of the 
bulla ethmoidalis , or about the ethmoidal or sphenoidal air-sinuses. In bad cases a. free 
curetting of the ethmoidal air-sinuses may be called for after removal of the middle 
concha. Fibrous polypi are also more rarely met with, and these are of the nature of 
new growths; they most frequently spring from the base of the skull behind the choanse 
and form pedunculated tumours occupying the nasopharynx. Malignant polypi also 
occur, most commonly originating in the maxillary air-sinus and precepting through its 
medial wall into the nasal cavity ; for such cases removal of the maxilla off o vs the only 
hope of cure. _ 

Suppuration in the accessory air-sinuses of the nose is of frequent occurrence, and m 
connexion with this the situations at which the various sinuses normally communicate 
with the nasal cavities, are important : thus one finds they fall into two main groups : 
(X) anterior, opening into the middle meatus, and draining the maxillary, the frontal, 
and the anterior ethmoidal air-sinuses; and (2) posterior, opening into the superior 
meatus and spheno-ethmoidal recess, and draining the posterior ethmoidal and sphenoidal 

'"V * The measurements of the accessory ’ air-sinuses of the nose supplied in the text are those 
given by A. Logan Turner, Accessory Sinuses of the Nose, 1901. 
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air-sinuses. Suppuration in the anterior group is the more common, and the pus can be 
seen running down over the anterior end of the inferior concha, whereas in the case of the 
posterior group, the pus does not come forwards, but runs back into the nasopharynx 
over the posterior end of the middle concha. Again, it is of importance t-o notice that the 
middle meatus is of such a form that pus running down from the frontal air-sinus is 
directed by the groove beneath the bulla ethmoidalis into the ostium of the maxillary 
air-sinus, so that the latter sinus may, in some cases, act as a secondary reservoir for pus 
discharged from the frontal air-sinus. All the accessory air-sinuses can be and are 
infected from the nasal cavity, but it should be noted that in the case of the maxillary 
air-sinus, the infection is frequently conveyed in another way, and that is from the teeth. 
This air-sinus is the one :in s- hvquouily the seat of chronic suppuration and it often 
requires drainage ; this can be carried out by drilling a hole through the alveolus after 
removal of a tooth, preferably the first molar, or by gouging away the anterior surface of 
the maxilla, after having reflected the gum, or by removing bone from the lateral wall 
of the inferior meatus of the nose. Simple drainage, however, is not usually sufficient, 
and more extensive operations have often to be performed. Distension of the walls of 
the maxillary air-sinus occurs as the result of new growth or cyst formation within its 
cavity. Thus the facial surface may be prominently bulged outwards, upward extension 
may displace the eyeball, or the nasal cavity on that* side may be occluded, giving rise to 
unilateral obstruction. In some cases the disease will perforate the palatine process of 
the maxilla and a soft spot will be found under the mueoperiosteum. If the disease be 
malignant in nature, nothing short of excision of the maxilla is of any avail (p. 273). 


The Organ of Sight 

The bulb of the eye (eyeball), or organ of sight, is contained in the cavity of 
the orbit, where it is protected from injury, and can be moved by the ocular 
muscles. Associated with it are certain accessory structures, viz. the muscles, 
fascise, eyebrows, eyelids, conjunctiva, and lacrimal apparatus. 

The bulb of the eye is embedded in the fat of the orbit, but is separated 
from the fat by a thin membranous sac, the fascia bulbi (p. 1013). It is com- 
posed of segments of two hollow spheres of different sizes. The anterior 
segment is one of a small sphere ; it is transparent, and its arc forms about 
one-sixth of the circumference of the bulb. It is more prominent than the 
posterior segment, which is one of a larger sphere, and is opaque, and forms 
about five-sixths of the bulb. The term anterior pole is applied to the central 
point of the anterior curvature of the bulb, and that of posterior pole to the 
central point of its posterior curvature ; a line joining the two poles forms 
the optic axis. The axes of the two bulbs are nearly parallel, and there- 
fore do not correspond with the axes of the orbits, which are directed 
forwards and lateral wards. The optic nerves follow the direction of the axes 
of the orbits, and are therefore not parallel ; each enters its eyeball 3 mm. 
to the nasal side of the posterior pole. The vertical diameter (23*5 mm.) of 
the bulb is rather less than the transverse and anteroposterior diameters 
(24 mm.) ; the anteroposterior diameter at birth is about 17*5 mm, and at 
puberty from 20 to 21 mm. In the female all three diameters are rather less 
than in the male. 

The bulb of the eye is composed of three tunics, enclosing three refracting 
media. 


The Tunics of the Eye (fig. 948) 

From without inwards the three tunics are : (1) the fibrous tunic, consisting 
of the sclera behind and the cornea in front ; (2) the vascular, pigmented tunic, 
comprising, from behind forwards, the chorioid, ciliary body , and iris ; and 
(3) the nervous tunic, the retina. 


I. The Fibrous Tunic 

The fibrous tunic of the bulb of the eye (fig. 948) consists of an opaque, 
posterior part, the sclera, and a transparent anterior part, the cornea. 

The sclera, so named from its density and hardness, is a firm unyielding 
membrane, serving to maintain the form of the bulb. It is thickest (about 
I mm.) behind, near the entrance of the optic nerve, and thinnest (0*4 mm.) at 
G.A. 2 I 
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a distance of about 6 mm. behind the sclerocorneal junction. Its external surface 
is white, and is in contact with the inner surface of the fascia bulbi (p. 1013) ; 
it is smooth, except where the Recti and Obliqui muscles are inserted into it ; 
its anterior part is covered by the conjunctival membrane. Its inner surface 
is brown and is marked by grooves, in which the ciliary nerves and vessels are 
lodged ; it is separated from the outer surface of the chorioid by an extensive 
perichorioidal lymph-space, which is traversed by an exceedingly fine cellular 
tissue, the lamina suprachorioidea. Behind, it is pierced by the optic nerve, 
and is continuous through the fibrous sheath of this nerve with the dura mater. 
Where the optic nerve pierces the sclera the latter presents the appearance 
of a cribriform plate, the lamina cribrosa science ; the minute orifices in this 
lamina serve for the transmission of the nerve-bundles, and the fibrous septa 
between the orifices are continuous with the supporting tissue of the nerve. 


Fig. 948. — A horizontal section through the bulb of the eye. 



One opening, larger than the rest, and occupying the centre of the lamina, 
transmits the central artery and vein of the retina. Around the lamina cribrosa 
sclerse are numerous small apertures for the transmission of the ciliary vessels 
and nerves, and about midway between these and the sclerocorneal junction 
are four or five large apertures for the transmission of veins ( vence vorticosce). 
In front, the sclera is directly continuous with the cornea, the fine of union 
being termed the sclerocorneal junction . In the substance of the sclera close 
to this junction is a circular canal, the sinus venosus science (canal of Schlemm). 
In a meridional section through the sclerocorneal junction, this sinus presents 
the appearance of a cleft, the outer wall of which consists of the firm tissue of 
the sclera, while its inner w r all is formed by a triangular mass of trabecular 
tissue (fig. 949) ; the apex of the mass is directed forwards and is continuous' 
with the posterior elastic lamina of the cornea. The sinus is fined by endo- 
thelium, and communicates internally with the anterior chamber of the eye,, 
and externally with the anterior ciliary veins. 

Structure. — The sclera is formed of white fibrous tissue intermixed with fine 
elastic fibres ; flattened connective tissue corpuscles, some of which are pigmented, 
are contained in cell-spaces between the fibres. The fibres are aggregated into 
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bundles, which are arranged chiefly in a longitudinal direction. Its vessels are 
not numerous ; its capillaries are small, and unite at long and wide intervals. 
Its nerves are derived from the ciliary nerves, hut their exact mode of ending is 
not known. 

The cornea is the anterior projecting transparent part of the external 
tunic ; it is almost circular in outline, occasionally a little broader in the 
transverse than in the vertical direction. It is convex anteriorly, and pro- 
jects like a dome in front of the sclera. Its degree of curvature varies in 
different individuals, and in the same individual at different periods of 
life, being more pronounced in youth than in advanced life. The cornea is 

Tig. 949. — A general view of the iridial angle. Enlarged. (After Thomson.) 

Cornea 



Iridial angle 


dense and of uniform thickness throughout ; its posterior surface is per- 
fectly circular in outline, and exceeds the anterior surface slightly in 
diameter. Immediately in front of the sclerocorneal junction the cornea 
bulges inwards as a thickened rim, and behind this rim there is a distinct 
furrow between the attachment of the iris and the sclerocorneal junction. 
This furrow has been named by Arthur Thomson * the sulcus circularis cornece ; 
it is bounded externally by the trabecular tissue already described as forming 
the inner wall of the sinus venosus sclerae. Between this tissue and the anterior 
surface of the attached margin of the iris is an angular recess, named the iridial 
angle or filtration angle of the eye (fig. 949). Immediately outside the filtration 
angle is a projecting rim of scleral tissue which appears in a meridional section 
as a small triangular area, termed the scleral spur. Its base is continuous 
'with the inner surface of the sclera immediately to the outer side of the filtra- 
tion angle and its apex is directed forwards and inwards. The bundles of 
trabecular tissue just referred to are attached to the anterior sloping margin 

* Atlas of the Eye, Clarendon Press, Oxford, 1912. 
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of this spur ; the meridional fibres of the Ciliaris muscle arise from its posterior 
margin. 

Structure (fig. 950). — The cornea consists from before backwards of four layers, 
viz . : (1) the corneal epithelium, continuous with that of the conjunctiva ; (2) the 
substantia propria ; (3) the posterior elastic lamina ; and (4) the endothelium 

of the anterior chamber. 

Fig. 950. — A vertical section through the human cornea ? orn epithelium 

near its margin. Magnified. (Waldeyer.) covers the front of the 
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appearance. c. Corneal corpuscles appearing fusiform in section. me COmeab corpus C06, re 
d. Lamellae the fibres of which are cut longitudinally, e. Transition to semblmg m form the space 
the sclera, with more distinct fibrillation, and surmounted by a thicker • f - + ■ U-nf 

epithelium. /. Small blood-vessels cut across near the margin ^ Winch It IS lodged., out 
of the cornea. not entirely filling it. 

The layer immediately 

beneath the corneal epithelium presents certain characteristics which have led 
some anatomists to regard it as a distinct membrane, and it has been named the 
anterior elastic lamina . It consists of extremely closely interwoven fibrils, similar 
to those found in the substantia propria, but contains no corneal corpuscles. 

The posterior elastic lamina covers the posterior surface of the substantia 
propria, and is a thin elastic, transparent homogeneous membrane, which is not 
rendered opaque, by water, alcohol, or acids. "When stripped from the substantia 
propria it curls up, and rolls upon itself, with the attached surface innermost. 

At the margin of the cornea the posterior elastic lamina breaks up into fibres 
which form the trabecular tissue on the inner wall of the sinus venosus selerse 


1. Epithelium.. 2. Anterior elastic lamina. 3. Substantia propria. 
4. Posterior elastic lamina. 5. Endothelium of the anterior chamber. 

a. Oblique fibres in the anterior layer of the substantia propria. 

b. Lamellae the fibres of which are cut across, producing a dotted 
appearance, c. Corneal corpuscles appearing fusiform in section. 
d. Lamellae the fibres of which are cut longitudinally, e. Transition to 
the sclera, with more distinct fibrillation, and surmounted by a thicker 
epithelium. /. Small blood-vessels cut across near the margin 
of the cornea. 
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(p* 994) ; the spaces between the trabeculae are termed the spaces of the angle of 
the iris (spaces of Fontana) ; they communicate with the sinus venosus sclera* and 
with the anterior chamber at the filtration angle. Some of the fibres of this 
trabecular tissue are continued into the substance of the iris, forming the pectinate 
ligament of the iris ; others are connected with the fore part of the sclera and 
chorioid. 

The endothelium of the anterior chamber covers the posterior surface of the 
posterior elastic lamina, is reflected on to the front of the iris, and also lines the 
spaces of the angle of the iris ; it consists of a layer of polygonal, flattened, nucleated 
cells. 

Vessels and Nerves. — The cornea is a non-vascular structure, the capillary vessels of 
the conjunctiva and sclera ending in loops at its circumference. Lymphatic vessels have 
not yet been demonstrated in it, but are probably represented by the channels in which 
the nerves run ; these channels are lined by an endothelium. The nerves are numerous 
and are derived from the ciliary nerves. Around the periphery of the cornea they form 
an annular plexus, from which fibres enter the substantia propria. They lose their medul- 
lary sheaths and ramify throughout the substantia propria in a delicate network, and their 
terminal filaments form a firm and closer plexus beneath the corneal epithelium. This is 
termed the subepithelial plexus , and from it fine, varicose fibrils are given off which ramify 
between the epithelial cells, forming an intra-epithelial plexus. 


II. The Vascular Tunic (figs. 951, 953, 954) 

The vascular tunic of the eye is formed from behind forwards by the chorioid, 
the ciliary body, and the iris. 

The chorioid covers the inner surface of the sclera, and extends as far 
forwards as the ora serrata of the retina. The ciliary body connects the chorioid 
with the circumference of the iris. The iris is a circular diaphragm behind 
the cornea, and presents near 

its centre a rounded aperture, Fig. 951 .— The chorioid and iris. (Enlarged.) 
the pupil. 

The chorioid is a thin, 
highly vascular membrane, of 
a dark brown or chocolate 
colour, investing the posterior 
five-sixths of the globe ; it is 
pierced behind by the optic 
nerve, and in this situation is 
firmly adherent to the sclera. 

It is thicker behind than in 
front. Its outer surface is 
loosely connected with the 
sclera by the lamina supra- 
chorioidea ; its inner surface is 
attached to the pigmented layer 
of the retina. 

Structure. — The chorioid con- 
sists mainly of a dense capillary 
plexus, and of small arteries and 
veins carrying blood to and from 
it. On its external surface is 
a thin membrane, the lamina 
suprachorioidea , composed of 
delicate non-vascular lamellae, 
each lamella consisting of a 
network of fine elastic fibres 
among which are branched pigment-cells. The spaces between the lamellae are 
lined by endothelium, and open freely into the perichorioidal lymph-space, which, 
in its turn, communicates with the periscleral space at the points where the vessels 
and nerves are transmitted through the sclera. 

Internal to this lamina is the chorioid proper , consisting of two layers : an outer, 
composed of small arteries and veins, with pigment-cells interspersed between 
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them ; and an inner, consisting of a capillary plexus. The outer layer or lamina 
vasculosa consists, in part, of the larger branches of the short posterior ciliary 
arteries which run forwards between the veins before they bend inwards to end in 
the capillaries, but is formed principally of veins, ’named, from their arrangement, 

the vence vorticosce (fig. 953) ; 


Fig. 952. — The arteries of the chorioid and iris. The greater 
part of the sclera has been removed. (Enlarged.) 



these converge to four or 
five equidistant trunks 
which pierce the sclera 
about midway between the 
sclerocorneal junction and 
the entrance of the optic 
nerve. Interspersed be- 
tween the vessels are dark 
star-shaped pigment-cells, 
the processes of which com- 
municate with those of 
neighbouring cells, and form 
a delicate network or 
stroma, which loses its pig- 
mentary character towards 
the inner surface of the 
chorioid. The inner layer 
or lamina choriocapillaris 
consists of an exceedingly 
fine capillary plexus, formed 
by the short ciliary vessels ; 


the network is closer and 


finer in the posterior than in the anterior part of the chorioid. About 1 25 cm, 
behind the cornea its meshes become larger, and are continuous with those of 
the ciliary processes. These two laminae are connected by a stratum intermedium 
consisting of fine elastic fibres. On the inner surface of the lamina choriocapillaris 
is a very thin, structureless, or faintly fibrous membrane, called the lamina basalis ; 
it is closely connected with the 

stroma of the chorioid, and ^ 953.— The veins of the chorioid. (Enlarged.) 
separates it from the pigment- 
ary layer of the retina. 

Tapetum.— This name is 
applied to the outer and 
posterior part of the chorioid, 
which in many animals presents 
an iridescent appearance. 

The ciliary body comprises 
the orbicularis ciliaris, the 
ciliary processes, and the 
Ciliaris muscle. 

The orbicularis ciliaris is a 
zone of about 4 mm. in width, 
directly continuous with the 
anterior part of the chorioid ; 
it presents numerous ridges 
arranged in a radial manner, 
but has no lamina chorioca- 
pillaris. 

The ciliary processes are 
formed by the inward folding 
of the various layers of the chorioid (i.e. the chorioid proper and the lamina 
basalis), and are received between corresponding foldings of the suspensory 
ligament of the lens. They are arranged in a circle, and form a sort of frill 
behind the iris, round the margin of the lens (fig. 954). They vary from sixty 
to eighty in number, lie side by side, and may be divided into large and small 
processes; the former are about 2*5 mm. long, and the latter, consisting of 
about one-third of the entire number, are situated in the spaces between them, 
but without regular alternation. Each is attached by its periphery to three 
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or four of the ridges of the orbicularis ciliaris and is continuous with the layers 
of the chorioid : their opposite extremities are free and rounded, and * are 
directed towards the pos- 
terior chamber of the eye- p IG . 954. — 1 The interior of the anterior half of the bulb of 
ball and circumference of the 'eye. 

the lens. In front, they 
are continuous with the 
periphery of the iris. Their 
posterior surfaces are con- 
nected with the suspensory 
ligament of the lens. 

The ciliary processes 
(figs. 954, 955) are similar 
ill structure to the chorioid, 
but the vessels are larger 
and have chiefly a longi- 
tudinal direction. Their 
posterior surfaces are cov- 
ered by the pars ciliaris 
reduce, continued forwards 
from the retina, and con- 
sisting of an outer layer of 
cubical pigment-cells, and 
an inner layer of columnar 
cells which are not pig- 
mented. In the stroma of 
the ciliary processes there, 
are also stellate pigment-cells, but these are not so numerous as in the chorioid 
itself. 

The Ciliaris muscle consists of unstriped fibres : it forms a greyish, semi- 
transparent, circular band, about 6 mm. 
Fig. 955.— The vessels of the chori- broad, on the outer surface of the fore-part 
oid, ciliary processes, and iris, of of the chorioid. It consists of meridional 
a child. (Arnold.) x 10. and circular fibres. The meridional fibres, 




■a. Capillary network of the anterior part 
-of the chorioid, ending at b, the ora serrata. 
c. Arteries supplying the ciliary processes d, 
and passing into the iris e. f. The capillary 
network close to the pupillary margin of 
the iris. 


much the more numerous, arise from the 
posterior margin of the scleral spur (p. 995) ; 
they run backwards, and are attached to 
the ciliary processes and orbicularis ciliaris. 
The circular fibres are internal to the meri- 
dional ones, and in a meridional section 
appear as a triangular zone behind the 
filtration angle and close to the circumference 
of the iris ; they are well developed in 
hypermetropic, but are rudimentary or 
absent in myopic, eyes. The Ciliaris muscle 
is the chief agent in accommodation, i.e. in 
adjusting the eye to the vision of near objects. 
When it contracts, it draws forwards the 
ciliary processes, relaxes the suspensory liga- 
ment of the lens, and thus allows the lens to 
become more convex. 

The iris has received its name from the 
various colours it presents in different indi- 
viduals. It is a thin, circular, contractile 
disc, suspended in the aqueous humour 
between the cornea and the crystalline lens, 
and perforated a little to the nasal side of its 
centre by a circular aperture, the pupil. Its 
periphery is continuous with the ciliary body, 
and is also connected with the posterior 
elastic lamina of the cornea by means of the 


pectinate ligament ; its flattened surfaces look forwards and backwards, the 
anterior towards the cornea, the posterior towards the ciliary processes and 
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lens. The iris divides the space between the lens and the cornea into an anterior 
and a posterior chamber (fig. 948). The anterior chamber of the eye is bounded 
in front by the posterior surface of the cornea, behind by the front of the iris, 

and, opposite the pupil, by the 
Fig. 956. — A diagrammatic representation of central part of the front of the 
the course of the vessels of the eye. Horizontal lens. The posterior chamber is a 
section. (Leber.) Arteries and capillaries red; narrow chink behind the iris, and. 

* in front of the lens and its sus- 
pensory ligament. In the adult 
the two chambers communicate 
through the pupil, but in the 
foetus up to the seventh month 
they are separated by the mem - 
brana pupillaris (p. 1001). 

Structure. — The iris is composed 
of the following structures : 

1. In front is a layer of flattened 
endothelial cells placed on a delicate 
hyaline basement -membrane. This 
layer of cells is continuous with the 
endothelium covering the posterior 
elastic lamina of the cornea, and in 
individuals with dark-coloured irises 
the cells contain pigment-granules. 

2. The stroma of the iris consists 
of connective tissue fibres and cells. 
A few fibres at the circumference of 
the iris have a circular direction; 
but the majority are arranged radi- 
ally, forming, by their interlace- 
ment, delicate meshes, in which the 
vessels and nerves are contained. 
Interspersed between the bundles 
of connective tissue are numerous 
branched cells with fine processes. 
In dark eyes many of these cells 
contain pigment-granules, but in 
blue eyes and the eyes of albinos 
they are unpigmented. 

3. The muscular fibres are in- 
voluntary, and consist of circular 
and radiating fibres. The circular 
fibres form the Sphincter pupillse ; 
they are arranged in a band about 
1 mm. wide which surrounds the 
margin of the pupil, towards the 
posterior surface of the iris ; those 
near the free margin of the band 
are closely aggregated ; those near 

the periphery are somewhat separated and form incomplete circles. The radiating 
fibres form the Dilatator pupillse and lie close to the posterior surface of the iris ; 
they converge from the circumference towards the centre, and blend with the 
circular fibres near the margin of the pupil. 

4. The posterior surface of the iris is of a deep purple tint, being covered by two 
layers of pigmented epithelial cells, continuous at the periphery of the iris with 
the pars ciliaris retinae. This pigmented epithelium is named the pars iridica 
retinas or, from the resemblance of its colour to that of a ripe grape, the uvea. 

The colour of the iris is produced by the reflection of light from dark pigment- 
cells underlying a translucent tissue, and is therefore determined by the amount 
of the pigment and its distribution throughout the texture of the iris. The number 
and the situation of the pigment-cells differ in different irises. In the albino pigment 
is absent in the various shades of blue eyes the pigment-cells are confined to 
the posterior surface of the iris, whereas in grey, brown, and black eyes pigment 


veins blue. 



0. Entrance of optic nerve, a. Short posterior ciliary 
arteries, b. Long posterior ciliary arteries, c. Anterior 
ciliary vessels, d. Posterior conjunctival vessels, d* An- 
terior conjunctival vessels, e. Central vessels of the retina. 
/. Vessels of the inner sheath of the optic nerve, g. Vessels 
of the outer sheath, h. Vorticose veins, i. Short posterior 
ciliary vein. h. Branches of the short posterior ciliary 
arteries to the optic nerve. 1. Anastomosis of chorioidal 
vessels with those of optic nerve, m. Choriocapillaris. 
n. Episcleral vessels, o. .Reevmi,: artery of the chorioid. 
p. Circulus iridis major (in r ion), q. Vessels of iris. 

r. Vessels of ciliary process, s. Branch from ciliary muscle 
to vorticose vein. L Branch from '■■linrv muscle anterior 
ciliary vein. u. Sinus venosus «*clera*. r. Caniil:ir\ loop 
at margin of cornea. 
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is found also in the cells of the stroma and in those of ffie ehdotlielium on the front' 
of the iris. 

Vessels and JServes . — The arteries of the iris are derived from the long posterior and 
the anterior ciliary arteries, and from the vessels of the ciliary processes (p. 627). Each 
of the two long ciliary arteries, on reaching the attached margin of the iris, divides into 
an upper and a lower branch ; these anastomose with corresponding branches of the artery 
from the opposite side and with the anterior ciliary arteries and form a vascular circle 
(circulus arteriosus major). From this circle vessels converge to the free margin of the iris, 
and there communicate and form a second circle (circulus arteriosus minor) (figs. 956, 957). 


Fig. 957. — The iris, viewed from in front, with its circulus arteriosus major and 
circulus arteriosus minor. (Testut.) 



it 


a. Chorioid. b. Ciliarls muscle, c. Iris. d. Pupil. 1 and 1'. The two long ciliary arteries with 2, 
their ascending branches of bifurcation ; 3, their descending branches of bifurcation. 4, The anterior 
ciliary arteries. 5. Circulus major ; 6, its branches radiating through the iris. 7. Circulus minor 
around the pupil. 


The nerves of the chorioid and iris are the long and short ciliary nerves ; the former are 
branches of the nasociliary nerve, the latter of the ciliary ganglion. They pierce the sclera 
around the entrance of the optic nerve, run forwards in the perichorioidal space, and supply 
the blood-vessels of the chorioid and the ciliary muscle. After reaching the iris they form 
a plexus around its attached margin ; from this are derived non-medullated fibres which 
end in the Sphincter and Dilatator pupillse. Other fibres from the plexus end in a network 
on the anterior surface of the iris. The fibres derived through the j>arasympathetie root 
of the ciliary ganglion from the oculomotor nerve supply the Sphincter pupillse and the 
Ciliaris muscle ; the sympathetic fibres in the long ciliary nerves supply the Dilatator pupillse. 

Membrana pupillaris. — In the foetus, the pupil is closed by a delicate vascular mem- 
brane, the membrana pupillaris, which divides the space in which the iris is suspended 
into two separate chambers. The vessels of this membrane are partly derived from those 
of the margin of the iris and partly from those of the capsule of the lens ; they end in 
loops a short distance from the centre of the membrane, which is thus left free from blood- 
vessels. About the sixth month of foetal life the membrane begins to disappear by absorp- 
tion from the centre towards the circumference, and at birth only a few fragments are 
present ; in exceptional eases it persists. 


III. The Retina 

The retina is a delicate nervous membrane, in which the images of external 
objects are received. Its outer surface is in contact with the chotiold ; its 
inner with the hyaloid membrane of the vitreous body. Posteriorly, it is 
g.a, 2 i 2 
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continuous with the optic nerve ; it gradually diminishes in thickness from 
behind forwards, and just behind the ciliary body, it presents a jagged 

margin, the ora serrata. Here 


Fig. 958, — The interior of the posterior half of the 
bulb of the left eye. 


the nervous tissues of the 
retina end, but a thin pro- 
longation of the membrane 
extends forwards over the 
back of the ciliary processes 
and iris, forming the pars 
ciliaris retinae and pars iridica 
retinae or uvea, already re- 
ferred to. This forward 
prolongation consists of the 
pigmentary layer of the 
retina together with a stra- 
tum of columnar epithelium ; 
in the pars iridica retinae 
both layers of epithelium 
are cubical and pigmented. 
The retina is soft, trans- 
lucent, and of a purple tint 
in the fresh state, owing to 
the presence of a colouring 
material named rhodopsin or 
visual purple ; but it soon 
becomes clouded, opaque, 
and bleached when exposed 
to sunlight. Near the centre 
of the posterior part of the 
retina is an oval yellowish area the macula lutea, where the visual sense is most 
perfect ; in the macula is a central depression, the fovea centralis (fig. 958). At 
the fovea centralis the retina is exceedingly thin, and the dark colour of the 
chorioid is distinctly seen through it. About 3 mm. to the nasal side of the 


Chonoid 


Retina 


The veins are darker in appearance than the arteries. 


Fig. 959.— -A horizontal section through the terminal portion of the optic nerve 
and its entrance into the bulb of the eye. (From Toldt’s 4 Atlas, 5 published 
by Messrs. Bebman, Ltd., London.) 



macula lutea is the entrance of the optic nerve ( optic disc) which has a diameter 
of about 1*5 mm. The circumference of the disc is slightly raised to form the 
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'papilla of the optic nerve, while the central part presents a depression, named 
the excavation of the optic nerve (optic cup). The centre of the disc is pierced 
by the central artery and vein of the retina. The optic disc is insensitive to 
light, and is termed the e blind spot. 5 

■Structure (figs. 960, 961). — The retina consists of an outer pigmented layer and 
an inner nervous stratum or retina proper. 

The pigmented layer is a single stratum of cells. When viewed from the 
outer surface these cells are smooth and hexagonal in shape ; when seen in section 
each cell consists of an outer non-pigmented part containing a large oval nucleus, 
and an inner pigmented portion which extends as 


a series of straight thread-like processes between the 
rods (fig. 961), the amount of pigment between 

the rods being greater when the eye has been exposed 
to light. In the eyes of albinos the cells of this 
layer are destitute of pigment. 

Retina proper. — The nervous structures of the 
retina proper are supported by a series of non-nervous 
or sustentacular fibres, and, when examined micro- 
scopically by means of sections made perpendicular 
to the surface of the retina, are found to consist of 
seven layers, named from within outwards as follows : 

1. Stratum opticum. 5. Outer plexiform layer. 

2. Ganglionic layer. 6. Outer nuclear layer. 

3. Inner plexiform layer. 7. Layer of rods and 

4. Inner nuclear layer, cones. 


Fig. 960. — A section through 
the retina. (Magnified.) 



1. The Stratum opticum or layer of nerve- fibres is a. Membrana limitans internal 
formed by the expansion of the fibres of the optic nerve ; faylr^T inne^ 
it is thickest near the optic disc, gradually diminishing e • fry 161 n , uclear la ^r. /. outer 
towards the ora serrata. As the nerve-fibres pass layer, h. Membrana limitans ex- 
through the lamina cribrosa scleras (p. 994), they m. a Hbres ne of 

lose their medullary sheaths and are continued Muller. 


onwards through the chorioid and retina as simple 

axis-cylinders. When they reach the internal surface of the retina they radiate 
from their point of entrance over this surface, grouped in bundles which com- 
municate with one another and form an intricate network. Most of the fibres 


are centripetal, and are the continuations of the axis-cylinder processes of the 
cells of the ganglionic layer, but a few are centrifugal ; these originate in the 
brain and ramify in the inner plexiform and inner nuclear layers of the retina, where 
they end in branches. 

2. The ganglionic layer consists of a single layer of large nerve-cells, except 
in the macula lutea, where there are several strata. The cells are somewhat flask- 
shaped, the rounded internal surface of each resting on the stratum opticum, and 
sending ofl an axon which is prolonged into it. From the opposite end numerous 
dendrites extend into the inner plexiform layer, where they form flattened arborisa- 
tions at different levels. The ganglion-cells vary much in size, and the dendrites 
of the smaller ones as a rule arborise in the inner plexiform layer as soon as they 
enter it ; while those of the larger cells ramify close to the inner nuclear layer. 

3. The inner plexiform layer is made up of a dense reticulum of minute fibrils 
formed by the interlacement of the dendrites of the ganglion-cells with the processes 
of the cells of the inner nuclear layer ; within this reticulum a few branched cells 
are imbedded. 

4. The inner nuclear layer is made up of a number of closely packed cells, 
of which there are three varieties, viz. bipolar cells, horizontal cells, and amacrine 


cells. 

The bipolar cells , by far the most numerous, are divisible into rod- and cone- 
bipolars. They are round or oval in shape, and each is prolonged into an inner 
and an outer process. The inner processes of the rod-bipolars run through the 
inner plexiform layer and arborise around the outer parts of the cell-bodies of the 
ganglionic layer ; their outer processes end in the outer plexiform layer in tufts 
of fibrils around the button-like ends of the inner processes of the rod-granules. 
The inner processes of the cone-bipolars ramify in the inner plexiform layer in 
contact with the dendrites of the ganglionic cells ; their outer processes pass into 
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the outer plexiform layer, where they divide and form arborisations with the 
expanded foot-plates -of the inner processes of the cone-granules. 

The horizontal cells lie in the outer part of the inner nuclear layer and possess 
somewhat flattened cell-bodies. Their dendrites divide into numerous branches 
in the outer plexiform layer, while their axons run horizontally for some distance 
and finally ramify in the same layer. 

The amacrine cells are placed in the inner part of the inner nuclear layer, and 
were so named under the supposition that they were destitute of axons. It is now 
known that some, at least, possess axons. Their dendrites undergo extensive 
ramification in the inner plexiform layer. 


Fig. 961. — A plan of the retinal neurons. (After Ramon y Cajal.) 
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5. The outer jplexiform layer is much thinner than the inner ; but, like it, consists 
of a dense network of minute fibrils derived from the processes of the horizontal 
cells, and the outer processes of the rod- and cone-bipolar cells of the preceding 
layer, which arborise around the enlarged ends of the rod-fibres and the branched 
foot-plates of the cone-fibres. 

6. The outer nuclear layer . — Like the inner nuclear layer, this contains several 
strata of oval cells ; they are of two kinds, viz. rod-granules and cone-granules, 
the former being connected with the rods, the latter with the cones, of the next 
layer. The rod-granules are much the more numerous, and are placed at different 
levels throughout the layer ; in some animals they present a cross-striped appear- 
ance. A fine process is prolonged from either extremity of each cell : the 
outer process is continuous with a rod of the layer of rods and cones ; the inner 
process ends in the outer plexiform layer in an enlarged extremity, and is imbedded 
in the tuft into which the outer processes of the rod-bipolar cells break up ; in 
its course it presents numerous varicosities. The cone-granules, fewer in number 
than the rod-granules, are placed close to the membrana limitans externa, through 
which they are continuous with the cones of the layer of rods and cones. Each 
contains a spheroidal nucleus which almost completely fills the granule. From 
the inner extremity of each cone-granule a thick process passes into the outer 
plexiform layer, and there expands into a pyramidal enlargement or foot-plate, 
from which are given, off numerous fine fibrils that come in contact with the outer 
processes of the cone-bipolars. 
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divides it gives off an interosseous branch which supplies the metatarsophalangeal 
joint of the great toe and sends a filament to the first Interosseus dorsalis 
muscle. 

The superficial peronseal nerve (musculocutaneous nerve) (fig. 922) 
begins at the bifurcation of the common peronseal nerve, passes forwards 
between the Peronsei and the Extensor digitorum longus, pierces the deep 
fascia at the lower one -third of the leg, and divides into a medial and an inter- 
mediate dorsal cutaneous nerve. In its course between the muscles, it gives 
off muscular branches to the Peronseus longus and Peronseus brevis, and 
filaments to the skin of the lower part of the leg. 

The medial dorsal cutaneous nerve passes in front of the ankle-joint, and 
divides into two dorsal digital branches, one of which supplies the medial 
side of the great toe, the other, the adjacent sides of the second and third 
toes. It communicates with the saphenous nerve and with the deep peronseal 
nerve (fig. 920). 

The intermediate dorsal cutaneous nerve , the smaller, passes along the lateral 
part of the dorsum of the foot, and divides into dorsal digital branches, which 
supply the contiguous sides of the third and fourth, and of the fourth and 
fifth toes. It also supplies the skin of the lateral side of the ankle, and com- 
municates with the lateral dorsal cutaneous nerve (fig. 920). 

The branches of the superficial peronseal nerve supply the skin of the dorsal 
surfaces of all the toes excepting the lateral side of the little toe and the adjoin- 
ing sides of the great and second toes, the former being supplied by the lateral 
dorsal cutaneous branch of the sural nerve, and the latter by the medial branch 
of the deep peronseal nerve. Frequently some of the lateral branches of the 
superficial peronseal are absent, and their places are then taken by branches 
of the lateral dorsal cutaneous nerve. 


The Pudendal Plexus 


The pudendal plexus (figs. 923, 924) is not sharply marked off from the 
sacral plexus, and as a consequence some of its branches arise in conjunction 
with those of the sacral plexus. It lies on the posterior wall of the pelvic 
cavity and is usually formed by parts of the anterior divisions of the second, 
third, and fourth sacral nerves, the anterior division of the fifth sacral nerve, 
and the anterior division of the coccygeal nerve. 

It gives off the following branches : 


Perforating cutaneous 
Pudendal . 

Visceral . . . 

Muscular . 
Anococcygeal . 


2, 3 S. 

2, 3, 4 S. 

3, 4 S. 

4 S. 

4, 5 S. and Cocc. 


The perforating - cutaneous nerve usually arises from the posterior surfaces 
of the second and third sacral nerves. It pierces the lower part of the saero- 
tuberous ligament, and, winding round the inferior border of the Glutseus 
maximus, supplies the skin covering the medial and lower parts of that muscle. 


The perforating cutaneous nerve may arise from the pudendal nerve or it may be absent : 
in the latter case its place may be taken by a branch from the posterior femoral cutaneous 
nerve or by a branch from the third and fourth, or fourth and fifth, sacral nerves. 


The pudendal nerve (pudic nerve) derives its fibres from the second, 
third, and fourth sacral nerves. It passes between the Piriformis and Coccygeus 
muscles and leaves the pelvis through the lower part of the greater sciatic 
foramen. It then crosses the spine of the ischium on the medial side of the 
internal pudendal vessels, and passes through the lesser sciatic foramen. It 
accompanies the internal pudendal vessels along the lateral wall of the 
ischiorectal fossa in AlcocWs canal , and after giving off the inferior hsemor- 
rhoidal nerve, it divides into the perinatal nerve, and the dorsal nerve of the 
penis or clitoris. 

The inferior hcemorrhoidal nerve occasionally arises directly from the sacral 
plexus ; it crosses the ischiorectal fossa with the inferior hsemorrhoidal vessels, 
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The Refracting- Media of the Eye 

The refracting media of the eye are the aqueous humour, the vitreous 
body, and the crystalline lens. 


I. The Aqueous Humour 

The aqueous humour fills the anterior and posterior chambers of the 
bulb of the eye (p. 1000). It is small in quantity, has an alkaline reaction, 
and is mainly a dilute watery solution of chloride of sodium. It is secreted 
by the ciliary processes into the posterior chamber, and escapes from the 
filtration angle of the anterior chamber through the spaces of the angle of 
the iris (spaces of Fontana) and the sinus venosus sclerse (canal of Schlemm) 
into the anterior ciliary veins. 


II. The Vitreous Body 

The vitreous body (fig. 948) occupies about four-fifths of the bulb of the eye. 
It fills the concavity of the retina, and is hollowed in front, forming a deep con- 
cavity, the hyaloid fossa , for the reception of the lens. It is transparent, o ' 
the consistence of thin jelly, and is enclosed in a delicate transparent mem- 
brane, the hyaloid membrane. It has been supposed by Hannover, that from 
the surface of the hyaloid membrane numerous thin lamellae are prolonged 
inwards in a radiating manner, forming spaces in which the jelly is contained. 
In the adult, these lamellae cannot be detected even after careful microscopical 
examination in the fresh state, but in preparations hardened in weak chromic 
acid it is possible to make out a distinct lamellation at the periphery of the 
vitreous body . Running forwards through the vitreous body from the entrance 
of the optic nerve to the posterior surface of the lens, is the hyaloid canal , 
filled with lymph and lined by a prolongation of the hyaloid membrane. In 
the embryonic vitreous body this canal conveyed the arteria hyaloidea from 
the central artery of the retina to the back of the lens. 

The vitreous body consists of 98-6 per cent, of water, with some salts, and 
a little protein. 

The hyaloid membrane envelops the vitreous body. The portion in front 
of the ora serrata is thickened by the accession of radial fibres and is termed 
the zonula ciliaris or zonule of Zinn. Here it presents a series of radially 
arranged furrows, in which the ciliary processes are accommodated and to 
which they adhere, as is shown by the fact that when they are removed some 
of their pigment remains attached to the zonula. The zonula ciliaris splits into 
two layers, one of which is thin and lines the hyaloid fossa of the vitreous body ; 
the other, named the suspensory ligament of the lens , is thicker, and passes over 
the ciliary body to be attached to the capsule of the lens a short distance in 
front of its equator. Scattered and delicate fibres are also attached to the 
region of the equator itself. This ligament retains the lens in position, and 
is relaxed by the contraction of the meridional fibres of the Ciliaris muscle, 
so that the lens is allowed to become more convex. Behind the suspensory 
ligament there is a sacculated canal, the spatia zonularia or canal of Petit , 
which encircles the equator of the lens ; it can be easily inflated through a 
fine blowpipe inserted under the suspensory ligament. 

No blood-vessels penetrate the vitreous body ; so that its nutrition must 
be carried on by the vessels of the retina and ciliary processes, situated upon 
its exterior. 


III. The Crystalline Lens 

. ^"J 16 crystalline tens (fig. 948), enclosed in its capsule, is situated imme- 
diately behind the iris, in front of the vitreous body, and is encircled by the 
ciliary processes, which slightly overlap its margin. 

■ Tke capsule of the lens is a transparent, structureless membrane which 
closely surrounds the lens, and is thicker in front than , behind. It is brittle 
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but highly elastic, and when ruptured the edges roll up with the outer surface 
innermost. The lens rests, behind, in the hyaloid fossa on the fore-part of 
the vitreous body ; in front, it is in contact with the free border of the iris, 
but recedes from it at the circumference, thus 

forming the posterior chamber of the eye ; it F ic. 962.— The crystalline lens, 
is retained in its position chiefly by the sus- hardened and divided, 

pensory ligament already described. " (Enlarged.) 

The lens is a transparent, biconvex body, 
the convexity of its anterior being less than 
that of its posterior surface. The central 
points of these surfaces are termed respectively 
the anterior and posterior poles ; a line connect- 
ing the poles constitutes the axis of the lens, 
while the marginal circumference is termed 
the equator. 

Structure. — The lens is made up of soft cortical 
substance and a firm, central part, the nucleus 
(fig. 962). Faint lines (radii lentis) radiate from 
the poles to the equator. In the adult there may be six or more of these lines, 
but in the foetus there are only three, and these diverge from each other at angles 
of 120° (fig. 963) ; on the anterior surface one line ascends vertically and the other 
two diverge downwards ; on the posterior surface one line descends vertically 
and the other two diverge upwards. These lines correspond with the free edges of 
an equal number of septa composed of an amorphous substance, which dip into 



Fig. 963 . — A diagram showing the direction and arrangement of the radiating linos 
on the front and back of the foetal lens. a. On the front, b. On the back. 



A. B. 


the substance of the lens. When the lens has been hardened it is seen to consist 
of a series of concentrically arranged laminae, each of which is interrupted at the 
septa referred to. Each lamina is built up of a number of ribbon-like lens-fibres, 
the edges of which are more or less serrated — the serrations fitting between those 
of neighbouring fibres, while the ends of the fibres come into apposition at the septa. 
The fibres run in a curved manner from the septa on the anterior surface to those 

on the posterior surface. No fibres 


Fig. 964- 


c . . . , . . , , pass from pole to pole ; they are 

-Profile viev T s of the lens at different 1 j • -P 

periods of life. arranged in such a ^way that those 




In the foetus. 2. In adult life. 


which begin near the pole on one 
surface of the lens end near the peri- 
pheral extremity of the plane on the 
other, and vice versa. The fibres of the 
outer layers of the lens are nucleated, 
and together form a nuclear layer, 
most distinct towards the equator. 
The anterior surface of the lens is 
covered by a layer of transparent, 
nucleated columnar epithelium. At 
the equator the cells become elongated, 
and their gradual transition into lens- 


fibres can be traced (fig. -965). 

In the foetus , the lens is nearly spherical, and has a slightly reddish tint ; it 
is soft, and breaks down readily on the slightest pressure. A small branch (arteria 
hyaloidea) from the arteria centralis retinae runs forwards through the vitreous 
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Fig. 9(55. — A section through the 
margin of the lens, showing the 
transition of the columnar epi- 
thelium into the lens-fibres. 
(Babuchin.) 


body to the posterior part of the capsule of the lens, where its branches radiate, 
forming a plexiform network which covers the posterior surface of the capsule, 

and is continuous round the margin of the 
capsule with the vessels of the pupillary mem- 
brane and with those of the iris. In the adult , 
the lens is colourless, transparent, firm in 
texture, and devoid of vessels. In old age , it 
becomes flattened on both surfaces, slightly 
opaque, of an amber tint, and increased in 
density (fig. 964). 

Vessels and Nerves . — The arteries of the bulb of 
the eye are the long, short, and anterior ciliary 
arteries, and the arteria centralis retinae. They 
have already been described (p. 627). 

The ciliary veins are seen on the outer surface of 
the chorioid, and are named, from their arrangement, 
the venae vorticosce ; they converge to four or five 
equidistant trunks which pierce the sclera midway 
between the sclerocorneal junction and the porus 
opticus. Another set of veins accompanies the 
anterior ciliary arteries. All these veins open into 
the ophthalmic veins. 

The ciliary nerves are derived from the naso- 
ciliary nerve and from the ciliary ganglion. 

Applied Anatomy.- — From a surgical point of 
view the cornea may be regarded as consisting of 
three layers : (1) an external epithelial layer, 

developed from the ectoderm, and continuous with 
the epithelial covering of the rest of the body, so 
that its lesions resemble those of the epidermis ; 
(2) the cornea proper, derived from the mesoderm, 
and associated in its diseases with the fibrovascular 
structures of the body ; and (3) the posterior elastic 
lamina with its endothelium, also derived from the 
mesoderm and having the characters of a serous 
membrane, so that inflammation of it resembles 
inflammation of the serous and synovial membranes 
of the body. 

The cornea contains no blood-vessels except at 
its periphery, where numerous delicate loops, 
derived from the anterior ciliary arteries, may be 
demonstrated on its anterior surface. The rest of 
the cornea is nourished by lymph, which gains 
access to the proper substance of the cornea and the 
posterior layer through the spaces of the angle of 
the iris. This lack of a direct blood-supply renders 
the cornea very apt to inflame in the cachectic and 
ill-nourished. In cases of granular lids, there is a 
peculiar affection of the cornea, called <p annus, in 
which the anterior layers of the cornea become 
vascularised, and a rich network of blood-vessels 
may be seen upon it ; and in interstitial keratitis 
new vessels extend into the cornea, giving it a 
pinkish hue to which the term 4 salmon patch ’ is 
applied. In cases of glaucoma the ciliary nerves 
may be pressed upon as they course between the 
chorioid and sclera, the cornea becoming anaesthetic. 

The sclera has very few blood-vessels and nerves. 
As the blood-vessels approach the corneal margin 
the arrangement is peculiar. Some branches pass 
through the sclera to the ciliary body ; others 
become superficial and lie in the episcleral tissue, 
and form arches by anastomosing with each other 
some little distance behind the corneal margin. 
From these arches numerous straight vessels are given off, which run forwards to 
the cornea, forming its marginal plexus. In inflammation of the sclera and episcleral 
tissue these vessels become conspicuous, and form a pinkish zone of straight vessels 
radiating from the corneal margin, commonly known as the zone of ciliary injection . 
In inflammation of the iris and ciliary body this zone is present, since the sclera speedily 
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becomes involved when these structures are inflamed. But in inflammation of the cornea 
the sclera is seldom much affected, though the two are structurally continuous. This 
would appear to be due to the fact, that the nutrition of the cornea is derived from a different 
source than that of the sclera. The sclera may be ruptured without any laceration of the 
conjunctiva, and the rupture usually occurs near the corneal margin/ It may be com- 
plicated with lesions of adjacent parts — laceration of the chorioid, retina, iris, or suspensory 
ligament of the lens — and is then often attended with haemorrhage into the anterior 
chamber, which marks the nature of the injury. In some cases the lens has escaped through 
the rent in the sclera. Wounds of the sclera are always dangerous, and are often followed 
by inflammation, suppuration, and by sympathetic ophthalmia. 

One of the functions of the chorioid is to provide nutrition for the retina, and to convey 
vessels and nerves to the ciliary body and iris. Inflammation of the chorioid is therefore 
followed by grave disturbances in the nutrition of the retina, and is attended with early 
interference with vision. Its diseases bear a considerable analogy to those which affect 
the skin, and it is one of the places from which melanotic sarcomata may grow. These 
tumours contain a large amount of pigment in their cells, and originate only in those parts 
where pigment is naturally present. 

The iris may be absent, either in part or altogether, as a congenital condition, and in 
some instances the pupillary membrane may persist though rarely as a complete structure. 
Again, the iris may be the seat of malformation, termed coloboma , which consists of a defici- 
ency or cleft, clearly due in a great number of cases to an arrest in development. In these 
cases the cleft is found at the lower aspect, extending directly downwards from the pupil, 
and the gap frequently extends through the chorioid to the porus opticus. Wounds of the 
iris, especially if complicated with injury to the ciliary body, may be followed by serious 
consequences. If septic matter is introduced, and a suppurative inflammation is set up, 
complete loss of vision may result ; and, what is perhaps of greater consequence, similar 
inflammatory changes may be set up in the sound eye. The iris is abundantly supplied 
with blood-vessels and nerves, and is very prone to become inflamed, and when inflamed, 
in consequence of the intimate relationship which exists between the vessels of the iris and 
chorioid, this latter tunic is very liable to participate in the inflammation. The iris is 
covered with epithelium, and partakes of the character of a serous membrane, and like these 
structures, is apt to pour out a plastic exudation when inflamed, and contract adhesions, 
either to the cornea in front ( synechia anterior), or to the capsule of the lens behind (synechia 
posterior ). In iritis the lens may become involved, and the condition known as secondary 
cataract may be set up. 

The retina, with the exception of its pigment layer and its vessels, is perfectly trans- 
parent. In retinitis there is more or less dense opacity of its structure, and not infrequently 
extravasations of blood into its substance. Hsemorrhages may also take place into the 
retina, from rupture of a blood-vessel without inflammation. The retina may become 
detached from effusion of serum between it and the chorioid, or by blows on the eyeball ; 
hut detachment of the retina may occur -without apparent cause in progressive myopia. 
Glioma, a form of sarcoma, is occasionally met with in the retina. 

The lens has no blood-vessels, nerves, or connective tissue in its structure, and therefore 
is not subject to those morbid changes to which tissues containing these structures are 
liable. Opacities may occur from injury, senile changes, or malnutrition. These opacities 
give rise to cataract , of which the senile variety is the most common. They vary as to 
the part of the lens in which the opacity commences, and are classified accordingly, as 
nuclear, cortical, lamellar, anterior and posterior polar. Senile changes may take place 
in the lens, impairing its elasticity and rendering it harder than in youth, so that it loses 
its power of altering its curvature to suit the requirements of near vision. This condition 
is known as presbyopia . The lens may be dislocated or displaced by blows upon the eyeball ; 
and its relations to surrounding structures altered by adhesions or the pressure of new 
growths. 

There are two particular regions of the eye which require special notice : one of these 
is known as the c filtration angle,’ and the other as the dangerous e area.’ The filtration 
angle is the circumeorneal zone immediately in front of the iris. Here are situated the 
spaces of the angle of the iris, which communicate with the sinus venosus sclerse through 
which the chief transudation of fluid from the eye is believed to take place. If any 
obstruction to this transudation occur, increased intra- ocular tension is set up, and the 
disease known as glaucoma results. The dangerous area of the eye is the region in the 
neighbourhood of the ciliary body, and w T ounds or injuries in this situation are peculiarly 
dangerous ; for inflammation of the ciliary body is apt to spread to many of the other 
structures of the eye, especially to the iris and chorioid, which are intimately connected 
wdth it by nervous and vascular supplies. 
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The Accessory Organs of the Eye 

The accessory organs of the eye include the ocular muscles, the fasciae, the 
eyebrows, the eyelids, the conjunctiva, and the lacrimal apparatus. 


The Ocular Muscles 
The ocular muscles are the : 

Levator palpebrae superioris. Rectus medialis. 

Rectus superior. Rectus lateralis. 

Rectus inferior. Obliquus superior. 

Obliquus inferior. 

The Levator palpebrae superioris (figs. 966, 967) is thin, and triangular 
in shape. It arises from the under surface of the small wing of the sphenoidal 
bone, above and in front of the optic foramen, from which it is separated 


Fig. 966. — A sagittal section through the right orbital cavity. 
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by the origin of the Rectus superior. At its origin, it is narrow and tendinous 
but soon becomes broad and fleshy, the medial margin of the muscle being 
almost straight, while the lateral margin is concave. The muscle ends 
anteriorly in a wide aponeurosis which splits into two lamellae. The upper- 
most fibres of the superficial lamella blend with the upper part of the 
orbital septum ; the lowermost fibres are attached to the anterior surface 
of the superior tarsus, while the intermediate fibres radiate and pass through the 
overlying Orbicularis oculi to the skin of the upper eyelid. The deep lamella 
consists of non-striped muscular fibres and is known as Muller's muscle * ; it 
is attached directly to the upper margin of the superior tarsus and is covered 
by conjunctiva on its inferior surface. The space between the superficial 
and deep lamellae is termed the pretar sal space (fig. 967). 

The fascial sheaths of the Levator palpebras superioris and Rectus superior fuse. 
Where the two muscles separate to reach their insertions, the fascia between them forms 
a thick mass which is fixed to the superior conjunctival fornix and is described as an 
additional insertion of the Levator palpebras superioris. When traced laterally the 
aponeurosis of the Levator palpebrae superioris passes between the upper and lower parts 
of the lacrimal gland, and is fixed to a tubercle on the zygomatic bone, just within the 

_ * H- Miiller also described a layer of non-striped muscle in the lower ev lid, where it unites 
the inferior tarsus to the Obliquus inferior. I i 
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taste-bud, and end in fine fibrils between the gustatory cells ; other nerve-fibrils 
end between the epithelial cells which surround the taste-bud, but these are 

believed to be nerves of ordinary sensation 
Rig. 938. — A section through a taste- ail d n0 ^ gustatory, 
bud from the human tongue. 

Stained with haematoxylin and Nerves of taste. The chorda tympani nerve, 

derived from the sensory root of the facial nerve, 
and distributed with the lingual nerve, is the 
nerve of taste for the anterior two-thirds of the 
tongue ; the glossopharyngeal is the nerve of 
taste for the posterior one-third of the tongue. 


The Oegan of Smell 

The peripheral olfactory organ or organ 
of smell consists of two parts : an outer, 
the external nose , which projects from the 
centre of the face ; and an internal, which 
is divided by a septum into right and left 
nasal cavities. 

The external nose is pyramidal in form, and its upper angle or root is 
connected directly with the forehead ; its free angle is termed the apex. Its 
base is perforated by two elliptical orifices, the nares, separated from each 
other by an antero -posterior septum, the columna. The lateral surfaces of the 
nose form, by their union in the middle line, the dorsum nasi , the direction 
of which varies considerably in different individuals ; the upper part of the 
dorsum is supported by the nasal bones, and is named the bridge. The lateral 
surfaces end below in rounded eminences, the aim nasi. 

The framework of the external nose is composed of bones and hyaline carti- 
lages. The bony framework occupies the upper part of the organ ; it consists 
of the nasal bones, the frontal processes of the 
maxillse, and the nasal part of the frontal bone. 

The cartilaginous framework consists of five large 
pieces, viz. the cartilage of the septum, the two 
lateral, and the two greater alar, cartilages (figs. 

939, 940, 941). The various cartilages are con- 
nected to each other and to the bones by a tough 
fibrous membrane. 

The cartilage of the septum (figs. 941, 942), some- 
what quadrilateral in form, and thicker at its 
margins than at its centre, completes the' separation 
between the nasal cavities in front. The upper 
part of its antero -superior margin is connected to 
the posterior border of the internasal suture ; the 
middle part is continuous with the lateral carti- 
lages ; the lower part is attached to these cartilages 
by fibrous tissue. Its antero-inferior border is 
connected to the medial crura of the greater alar 
cartilages by fibrous tissue. Its postero-superior 
border is joined to the lamina perpendicularis of 
the ethmoidal bone, and its postero -inferior border 
is attached to the vomer and to the incisor crest 
of the maxillae. The cartilage of the septum may 
extend backwards (especiaUy in children) as a 
narrow process, the sphenoidal process , for some 
distance between the vomer and the lamina perpendicularis of the ethmoidal 
bone. The antero -inferior part of the nasal septum is freely movable, and 
hence is named the septum mobile nasi ; it is not formed by the cartilage of 
the septum, but by the medial crura of the greater alar cartilages and by the 
skin. 

The lateral cartilage (fig. 939) is situated below the inferior margin of the 
nasal bone, and is flattened, and triangular in shape. Its anterior margin is 
thicker than the posterior, and its upper part is continuous with the cartilage 


Fig. 939. — The cartilages of 
the right side of the nose. 
Lateral aspect. 
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closely adherent to the sheath of the optic nerve and to the surrounding peri- 
osteum ; within it are (1) the optic foramen containing the optic nerve and 
ophthalmic artery, and (2) the medial end of the superior orbital fissure which 
transmits the two divisions of the oculomotor nerve, the nasociliary nerve, 
and the abducent nerve. The superior ophthalmic vein may pass through, or 
above, the ring ; the inferior ophthalmic vein through, or below, the ring. 
Two specialised parts of this fibrous ring may be made out : a lower, the 
ligament or tendon of Zinn } which gives origin to the Rectus inferior, a part 
of the Rectus medialis, and the lower fibres of the Rectus lateralis ; and an 
upper, sometimes termed the superior tendon of Lockwood , which gives origin 
to the Rectus superior, the other part of the Rectus medialis, and the upper 
fibres of the Rectus lateralis ; a second small tendinous head of origin of the 
Rectus lateralis arises from the orbital surface of the great wing of the 


Fig. 969. — A dissection showing the origins of the right ocular muscles, and the 
nerves entering the orbit through the superior orbital fissure. Anterior 
aspect. 
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sphenoidal bone, lateral to the annulus tendineus. Each muscle passes forward 
in the position implied by its name, to be inserted by a tendinous expansion 
into the sclera, about 6 mm. from the margin of the cornea.* 

The Obliquus oculi superior is a fusiform muscle, placed at the upper 
and medial side of the orbit. It arises immediately above the optic foramen, 
superior and medial to the origin of the Rectus superior, and, passing forwards, 
ends in a round tendon, which plays in a fibrocartilaginous ring or pulley 
attached to the fovea trochlearis of the frontal bone. The contiguous surfaces 
of the tendon and ring are lubricated by a delicate mucous sheath. After 
traversing the pulley the tendon passes backwards, lateralwards, and down- 
wards beneath the Rectus superior, to the lateral part of the bulb of the eye, 
and is inserted into the sclera, behind the equator of the eyeball, and between 
the Rectus superior and Rectus lateralis. 

The Obliquus oculi inferior is a thin, narrow muscle, placed near the 
anterior margin of the floor of the orbit. It arises from the orbital surface of 

* The average distances of the insertions of the Recti from the margin of the cornea are : 
Rectus medialis, 5*5 mm. ; Rectus inferior, 6*5 mm. ; Rectus lateralis, 6*9 mm. ; Rectus superior, 
7*7 mm. 
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the maxilla lateral to the lacrimal groove. Passing lateralwards, backwards, 
and upwards, at first between the Rectus inferior and the floor of the orbit, 
and then between the bulb of the eye and the Rectus lateralis, it is inserted 
into the lateral part of the sclera "between the Rectus superior and Rectus 
lateralis, near to, but somewhat behind, the insertion of the Obliquus 
superior. 

Nerves. — The Levator palpebrse superioris, the Obliquus inferior, and the Recti 
superior, inferior, et medialis are supplied by the oculomotor nerve ; the Obliquus 
superior, by the trochlear nerve ; the Rectus lateralis, by the abducent nerve. 

Actions. — The Levator palpebrse raises the upper eyelid, and is the direct 
antagonist of the Orbicularis oculi. The four Recti are attached to the bulb of the 
eye in such a manner that, acting singly, they will turn its corneal surface either 
upwards, downwards, medialwards, or lateralwards, as expressed by their names. 
The movement produced by the Rectus superior and by the Rectus inferior is not 
quite, a simple one, for inasmuch as each passes obliquely lateralwards and forwards 
to the bulb of the eye, the elevation or depression of the cornea is accompanied by 
a certain deviation medialwards, with a slight amount of rotation. These latter 
movements are corrected by the Obliqui, the Obliquus inferior correcting the medial 
deviation caused by the Rectus superior, and the Obliquus superior that caused by 
the Rectus inferior. The contraction of the Rectus lateralis or Rectus medialis, 
on the other hand, produces a purely horizontal movement. If any two neighbouring 
Recti of one eye act together they carry the globe of the eye in the diagonal of these 
directions, viz. upwards and medialwards, upwards and lateralwards, downwards 
and medialwards, or downwards and lateralwards. Sometimes the corresponding 
Recti of the two eyes act in unison, and at other times the opposite Recti act together. 
Thus, in turning the eyes to the right, the Rectus lateralis of the right eye acts 
in unison with the Rectus medialis of the left eye ; but if both eyes are directed 
to an object in the middle line at a short distance, the two Recti medialis act in 
unison. The movement of circumduction, as in looking round a room, is performed 
by the successive actions of the four Recti. The Obliqui rotate the bulb of the 
eye on its anteroposterior axis, the superior directing the cornea downwards and 
lateralwards, and the inferior directing it upwards and lateralwards ; these move- 
ments are required for the correct viewing of an object when the head is moved 
laterally, as from shoulder to shoulder, in order that the picture may fall in all 
respects on the same part of the retina of either eye. 

A layer of non-striped muscle, the Orbitalis muscle , bridges the inferior orbital 
fissure. 

The fascia bulbi (capsule of Tenon) (figs. 970, 971) is a thin membrane 
which envelops the bulb of the eye from the optic nerve to the corneoscleral 
junction, separating it from the orbital fat and forming a socket in which it 
plays. Its inner surface is smooth, and is separated from the outer surface of 
the sclera by the episcleral space ; this space is traversed by delicate bands of 
connective tissue which extend between the fascia and the sclera. The fascia 
is perforated behind by the ciliary vessels and nerves, and fuses with the sheath 
of the optic nerve and with the sclera around the entrance of the optic nerve. 
In front it blends with the sclera just behind the corneoscleral junction. It 
is perforated anteriorly by the tendons of the ocular muscles, and is reflected 
backwards on each as a tubular sheath. The sheath of the Obliquus superior 
is carried as far as the fibrous pulley of that muscle ; that on the Obliquus 
inferior reaches as far as the floor of the orbit, to which it gives off a slip. The 
sheaths on the Recti are gradually lost in the perimysium, hut they give off 
important expansions. The expansion from the Rectus superior blends with 
the tendon of the Levator palpebrse superioris ; that of the Rectus inferior is 
attached to the inferior tarsus. The expansions from the sheaths of the Recti 
medialis et lateralis are strong and triangular in shape, and are attached to 
the lacrimal and zygomatic hones respectively. As they probably check the 
actions of these two Recti they have been named the medial and lateral check 
ligaments. Lockwood * described a thickening of the lower part of the fascia 
bulbi, which he named the suspensory ligament of the eye ; it is slung like a 
hammock below the eyeball, being expanded in the centre, and narrow at its 
extremities ; it is formed by the union of the margins of the sheath of the 
Rectus inferior with the medial and lateral check ligaments. 

* C. B. Lockwood, Journal of Anatomy and Physiology, vol. xx. 
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Fig. 970. — A scheme of the fascia of the orbit (the muscle-sheaths and the fascia 
bulbi) in sagittal section. ( From WhitncdVs “ Anatomy of the human orbit 55 * 
Oxford Medical Publications.) 
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Pig. 971. — A schematic view of a horizontal section through the right orbit to 
illustrate the fascia of the orbit. (From WhitnalVs “Anatomy of the human 
orbit 99 ; Oxford Medical Publications.) 
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The orbital fascia forms the periosteum of the orbit, but is loosely con- 
nected to the bones. Behind, it is united with the dura mater and with the 
sheath of the optic nerve. In front, it is connected with the periosteum at the 
margin of the orbit, and sends off a stratum which assists in forming the orbital 
septum. Prom it two processes are given off: one holds the pulley of the 
Obliquus superior in position, the other, named the lacrimal fascia , forms the 
roof and lateral wall of the fossa in which the lacrimal sac is lodged (p. 1020). 


Applied Amatomy . — The positions and exact areas of insertion of the tendons of the 
Recti medialis and lateralis into the bulb of the eye should be carefully examined from 
the front, as.the surgeon is often required to divide one or other of the muscles for the 
cure of strabismus. In convergent strabismus, which is the more common form of the 
disease, the eye is turned medialwards, which may require the division of the Rectus 
medialis. In the divergent form, which is more rare, the eye is turned lateral wards, the 
Rectus lateralis being especially implicated. If the deformity produced in either case 
be marked, it may be remedied 


by division of one or the other 
muscle. The operation is thus 
performed : the lids are to be 
well separated; the eyeball is 


Rig. 972. — The front of the left eye with the eyelids 
separated to show the plica semilunaris, caruncula 
lacrimalis and puncta laerimalia. 
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rotated lateralwards or medial- 
wards, and the conjunctiva 
raised by a pair of forceps, and 

incised immediately beneath the , 

lower border of the tendon of the . ; N 

muscle to be divided, a little \ 

behind its insertion into the 

tissue is then divided, and into Punctum lacriniale — ‘ 

the small aperture thus made, Plica semilunaris — — --2£Sfpd- 

a blunt hook is passed upwards Caruncula lacrimalis gSl lfe Jr ,v ' 

between ^the^ muscle and the Pim inr.rn mnu . ■ * • 

muscle divided by a pair of ° Pemi glan°Js tar * af ~^ ^ 

blunt-pointed scissors passed 
between the hook and the bulb. 

The converse operation is : 

that of advancement, in which ;• , 

either the Rectus medialis or 
Rectus lateralis (depending on 
the form of strabismus) is 

shortened. The muscle is exposed in a similar manner; its tendon is divided, and 
sutured to the globe of the eye in front of its previous site of attachment. 

Removal of the eyeball is effected by dividing the conjunctiva all round with scissors 
at its attachment to the cornea, after which each ocular muscle in turn is picked up on a 
blunt hook and divided close to the sclera. The optic nerve is then divided with curved 
scissors passed to the back of the orbit; it should be remembered that the perineural 
sheaths from the meninges are opened by this manoeuvre. 

Exophthalmos, or abnormal protrusion of the eyeball, is usually bilateral. It is 
almost always present in exoph7.hy.hr. I c goi:re or Graves’ disease, in which it is due to 
abnormal stimulation of the cervical syrr.pathonc: nerves producing spasm of Muller’s 
muscle, which passes befcv. oo?t iho eyeball and iT.e eyelids. Less often it results from 
venous congestion of the orbital veins due to thrombosis of the cavernous sinuses. 
Unilateral exophthalmos is rare, and is caused by orbital cellulitis, periostitis, or new 
growth, or by tra um atic arterial or arteriovenous aneurysm of the carorid artery behind 
the orbit. Intermittent exophthalmos, occurring only when the head is depressed, is very 
rare, and is due to the presence of varicose veins in the orbit. 

In hydrocephalus the eyeball may be forced down so low in the orbit, through depres- 
sion of the orbital plate of the frontal bone by the accumulation of fluid within tne brain, 
that the patient, usually an infant, loses his sight because the pupil comes to lie below the 
lower eyelid even when the eye is open. 


The eyebrows are two arched eminences of skin, which surmount the orbits, 
and support numerous short, thick hairs directed obliquely on the surface. 
Fibres of the Orbicularis oculi, Corrugator, and Frontalis muscles are inserted 
into the skin of the eyebrows. 

The eyelids or palpebrae are two thin, movable folds, placed in front 
of the eye, and protecting it, by their closure, from injury. The upper eyelid 
is the larger and more movable, and is furnished with an elevator muscle, the 
Levator palpebrae superioris (p. 1010) ; the two eyelids unite with one another 
at their extremities to form the medial and lateral palpebral commissures. 
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When the eyelids are open, an elliptical space, the palpebral fissure (rima 
'palpebrarum) is left between their margins ; the extremities of the fissure are 
called the angles or cant hi. 

The lateral angle or canthus is more acute than the medial, and lies in close 
contact with the bulb of the eye. The medial angle is prolonged for a short 
distance towards the nose, and is about 6 mm. away from the bulb of the eye ; 
the two eyelids are here separated by a triangular space, the lacus lacrimalis , 
in which is situated a small reddish body, the caruncula lacrimalis (fig. 972). 
On the margin of each eyelid, at the basal angles of the lacus lacrimalis, is a 

small conical elevation, the lacri- 
Fig. 973. — A sagittal section through the upper mal papilla, the apex of which is 


eyelid. (After Waldeyer.) 



pierced by a minute orifice, the 
punctum lacrimale ) the commence- 
ment of the lacrimal duct. 

The eyelashes are attached to 
the free edges of the eyelids from 
the lateral palpebral commissure 
to the lacrimal papillae. They 
are short, thick, curved hairs, 
arranged in double or triple rows : 
those of the upper eyelid, more 
numerous and longer than those 
of the lower, curve upwards ; 
those of the lower eyelid curve 
downwards, so that the upper 
and lower eyelashes do not inter- 
lace in closing the lids. Near 
the attachments of the eyelashes 
are the openings of a number 
of glands, the ciliary glands , 
arranged in several rows close 
to the free margin of each lid ; 
they are enlarged and modified 
sudoriferous glands. 

Structure of the eyelids. — From 
without inwards, each eyelid con- 
sists of : skin, subcutaneous areolar 
tissue, fibres of the Orbicularis 
oculi, tarsus, orbital septum, tarsal 
glands and conjunctiva. The 
upper eyelid has, in addition, the 
aponeurosis of the Levator palpe- 
brse superioris (fig. 973). 

The shin is extremely thin, and 
continuous at the margins of the 
eyelids with the conjunctiva. 

The subcutaneous areolar tissue 


a. Skin. b. Orbicularis oculi. b'. Marginal fasciculus of 
the Orbicularis oculi (ciliary bundle), c. Levator nnlpobrfc 
superioris. d. Conjunctiva, e. Tarsal irlamis. C Or>V:i'.ing 
of a tarsal gland, g. Sebaceous gland. /•■. Lyoicshc.--. i. 
Small hairs of the skin. j. ^wur-i-dend. Poj-.'ri.— 
tarsal glands. 


is very lax and delicate, and seldom 
contains any fat. 

The palpebral fibres of the Orbi- 
cularis oculi are thin, pale in colour, 


and parallel to the palpebral fissure. 

The tarsi (fig. 974) are two thin elongated plates of dense connective tissue, 
about 2*5 cm. long ; one is placed in each eyelid, and contributes to its form 
and support. The superior tarsus , the larger, is of a semilunar form about 10 mm. 
in height at the centre, and gradually narrowing towards its extremities. 
The lowest fibres of the superficial lamella of the aponeurosis of the Levator 
palpebrse superioris are attached to the anterior surface, and the deep lamella 
of the same aponeurosis is inserted into the upper margin of the superior tarsus 
(p. 1010). The inferior tarsus, the smaller, is a narrow plate, the vertical diameter 
of which is about 5 mm. The free or ciliary margins of the tarsi are thick and 
straight. The attached or orbital margins are connected to the circumference 
of the orbit by the orbital septum. The lateral ends of the tarsi are attached 
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by a band, named tbe lateral palpebral ligament , to a tubercle on the zygomatic 
bone, just within tbe orbital margin ; this ligament is separated from the more 
superficially placed lateral palpebral raphe (p. 439) by a few lobules of the 
lacrimal gland. The medial ends of the tarsi are attached by a strong tendinous 
band, named the medial palpebral ligament (tendo oculi) to the upper part of the 
anterior lacrimal crest, and to the adjoining part of the frontal process of the 


Fig. 974. — The tarsi and their ligaments. Anterior aspect. (Test-lit.) 



maxilla in front of this crest ; the lower edge of this ligament is separated from 
the lacrimal sac by some fibres of the Orbicularis oculi. 

The orbital septum is a membranous sheet, attached to the edge of the orbit,, 
where it is continuous with the periosteum. In the upper eyelid it blends with 
the superficial lamella of the aponeurosis of the Levator palpebrse superioris, and 
in the lower eyelid with the anterior surface of the inferior tarsus. It is perforated 
by the vessels and nerves 
which pass from the orbital 
cavity to the face and 
scalp. 

The tarsal glands (Mei- 
bomian glands) (fig. 975) 
are situated between the 
tarsi and conjunctiva, and 
may be distinctly seen 
through the latter on 
everting the eyelids, pre- 
senting an appearance like 
parallel strings of pearls. ^ 

There are about thirty in la J 
the upper eyelid, and 
somewhat fewer in the 
lower. They are imbedded 
in grooves in the inner 
surfaces of the tarsi and 
correspond in length with 
the breadth of these plates ; 
they are, consequently, longer in the upper than in the lower eyelid. Their ducts 
open on the free margins of the lids by minute foramina. 

Structure. — The tarsal glands are modified sebaceous glands, each consisting 
of a straight tube or follicle, with numerous small lateral diverticula. The tubes 
are supported by a basement-membrane, and are fined at their mouths by stratified 
epithelium ; the deeper parts of the tubes and the lateral offshoots are lined by 
a layer of polyhedral cells. 


Fig. 975.— The tarsal glands of the eyelids. 
Posterior aspect. 
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The conjunctiva is the mucous membrane of the eye. It lines the inner 
surfaces of the eyelids or palpebrae, and is reflected over the fore part of the 
sclera and the cornea. 

The palpebral portion is thick, opaque, highly vascular, and has numerous 
subepithelial connective tissue papillae, its deeper part containing a considerable 
amount of lymphoid tissue. At the margins of the lids it is continuous with 
the lining membranes of the ducts of the tarsal glands, and, through the lacrimal 
ducts, with the lining membrane of the lacrimal sac and nasolacrimal duct. 
Beneath the lateral part of the upper eyelid the ducts of the lacrimal gland 
open on its free surface. The line of reflection of the conjunctiva from the 
eyelids on to the bulb of the eye is named the conjunctival fornix, and its 
different parts are known as the superior, inferior, medial and lateral fornices ; 
on account of the greater size of the upper eyelid the superior fornix appears 
to be situated further back than the inferior. Upon the sclera the conjunc- 
tiva is loosely connected to the bulb of the eye ; it is thin, transparent, 
destitute of papillae, and only slightly vascular. Upon the cornea, the conjunc- 
tiva consists only of epithelium, constituting the epithelium of the cornea, 
already described (p. 996). The epithelium of the palpebral conjunctiva is 
columnar, that of the ocular conjunctiva and the cornea is stratified squamous. 
Lymphatics arise in a delicate zone around the cornea, and run to the ocular 
conjunctiva. 

Glands, analogous to lymphoid follicles, and called by Henle trachoma 
glands, are found in the conjunctiva, and, according to Strohmeyer, are chiefly 
situated near the medial palpebral commissure. They were first described 
by Brush, in his description of Peyer’s patches of the small intestine, as 
4 identical structures existing in the under eyelid of the ox. 5 

The caruncula lacrimalis (fig. 972) is a small, reddish, conical body situated 
in the lacus lacrimalis at the medial palpebral commissure. It consists of 
a small island of skin containing sebaceous and sudoriferous glands, and 
is the source of the whitish secretion which collects in this region. A few 
slender hairs are attached to its surface. Lateral to the caruncula is a 
semilunar fold of conjunctiva, the plica semilunaris, the concavity of which is 
directed towards the cornea. Muller found unstriped muscular fibres in this 
fold ; in some of the domesticated animals it contains a thin plate of 
cartilage. 

The nerves of the conjunctiva are numerous ; many of them end in terminal bulbs, 
first- described by Krause (p. 1048). 

The lymphatic vessels of the eyelids and the conjunctiva are described on p. 754. 


The Lacrimal Apparatus (figs. 976 to 979) 

The lacrimal apparatus consists of (a) the lacrimal gland which secretes 
the tears, and its excretory ducts which convey the fluid to the surface of the 
eye ; (b) the lacrimal ducts, the lacrimal sac, and the nasolacrimal duct, by 
which the fluid is conveyed into the cavity of the nose. 

The lacrimal gland (fig. 976) is lodged in a fossa, on the medial side of the 
zygomatic process of the frontal bone. It is about the size and shape of an 
almond, and consists of two portions, described as the superior and inferior 
lacrimal glands ; the two parts are, however, joined to one another around 
the lateral edge of the aponeurosis of the Levator palpebrse superioris. The 
superior lacrimal gland is connected to the periosteum of the orbit by a few 
fibrous bands; the inferior lacrimal gland lies beneath the aponeurosis of the 
Levator palpebrse superioris, and projects into the posterior part of the upper 
eyelid, where it lies upon and is adherent to the conjunctiva. The ducts of 
the glands, from six to twelve in number, run obliquely beneath the con- 
junctiva for a short distance, and open along the lateral part of the superior 
conjunctival fornix. 

In and near the conjunctival fornices, but more plentiful in the upper 
than in the lower lid, are many small accessory lacrimal glands ; the presence 
of these may explain why the conjunctiva does not dry up after extirpation 
of the lacrimal gland proper. 
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Structure of the lacrimal gland (fig. 977).— In structure the lacrimal resembles the 
salivary glands (p. 1100), but there are no crescents of Guianuzzi. It is a com- 
pound racemose gland, the alveoli of which are lined with columnar cells resting 

Fig. 976.— The left lacrimal apparatus. Exposed from the front. 
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on a basement-membrane. The cells contain oval nuclei, and in the resting 
condition are crowded with small clear vacuoles, which disappear when the gland 
secretes actively; protoplasmic gi anules are also present. The excretory ducts 
are lined with columnar epithelial 

cells, but these cells do not show Fig. 977. — A transverse section through a portion 
the rod-like structures of the of the lacrimal gland of a cat. x 250. 

corresponding cells in the salivary 
glands. 

The lacrimal ducts or canals, 

one in each eyelid, are about 
10 mm. long ; they commence at 
minute orifices, the puncta lacri - 
malia (figs. 972, 976, 978), situated 
on the summits of the papillae 
lacrimales , which are seen on the 
margins of the lids at the basal 
angles of the lacus lacrimalis. 

The superior duct , smaller and 
shorter than the inferior, at first 
ascends, and then bends at an 
acute angle, and passes medial- 
wards and downwards to the 
lacrimal sac. The inferior duct 
at first descends, and then runs 

almost horizontally to the lacrimal sac. At the angles they are dilated into 
ampullae . The mucous lining of the ducts is covered with stratified squamous 
epithelium, placed on a basement-membrane, and outside the latter is a layer 
of striped muscular fibres, continuous with the lacrimal part of the Orbicularis 
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oculi ; at the base of each lacrimal papilla the muscular fibres are circularly 
arranged and form a kind of sphincter. 

The lacrimal sac (fig. 978) is the upper end of the nasolacrimal duct, and 
is lodged in a fossa formed by the lacrimal bone, the frontal process of the 

maxilla and the lacrimal fascia. 


Fig. 978. — Sketch from a frontal section through the 
right nasal cavity, viewed from the front, to show 
the relation of the lacrimal passages to the maxil- 
lary and ethmoidal sinuses and the inferior nasal 
concha. The mucous membrane is coloured. (After 
Gerard, 1907 ; From WhitnalVs “ Anatomy of the 
human orbit ” ; Oxford Medical Publications.) 
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It measures about 12 mm. in. 
length ; its upper, closed end 
is battened from side to side, 
but its lower part is rounded, 
and is continued into the naso- 
lacrimal duct ; in its lateral 
wall are the openings of the 
lacrimal ducts. 

Relations. — A fascia, con- 
tinuous with the periosteum of 
the orbit, and named the lac- 
rimal fascia , passes from the 
anterior to the posterior lac- 
rimal crest, and forms the roof 
and lateral wall of the fossa 
in which the lacrimal sac is 
lodged ; between the fascia and 
the lacrimal sac there is a 
minute plexus of veins. The 
lacrimal fascia separates the sac 
from the medial palpebral liga- 
ment (tendo oculi) in front, and 
from the lacrimal part of the 
Orbicularis oculi (Tensor tarsi) 
behind. The lower half of the 
fossa which lodges the lacrimal 
sac is related medially with the 
anterior part of the middle 
meatus of the nasal cavity ; 
the upper half with the anterior 
ethmoidal air-sinuses.* 


Structure. — The lacrimal sac consists of a fibro-elastic coat, lined internally 
by mucous membrane ; the latter is continuous, through the lacrimal ducts, with 
the conjunctiva, and through the nasolacrimal duct with the mucous membrane of 
the nasal cavity. 

The tears pass from the superolateral to the inferomedial angle of the con- 
junctival sac. They are directed by : {a) the medialward pull of the Orbicularis 
oculi ; (b) the contractions of the muscle around the lacrimal ducts ; and (c) the 
compression of the lacrimal sac by the lacrimal part of the Orbicularis oculi. 

The nasolacrimal duct (nasal duct) (figs. 978, 979) is a membranous canal, 
about 18 mm. long, which extends from the lower part of the lacrimal sac 
to the anterior part of the inferior meatus of the nose, where it ends in a 
somewhat expanded orifice, provided with an imperfect valve, the plica lacri- 
malis ( Hasneri ), formed by a fold of the mucous membrane. The duct is con- 
tained in an osseous canal, formed by the maxilla, the lacrimal bone, and the 
inferior nasal concha ; it is narrower in the middle than at either end, and 
is directed downwards, backwards, and a little lateralwards. The mucous 
lining of the lacrimal sac and nasolacrimal duct is covered with columnar 
epithelium which in places is ciliated. 


Applied Anatomy . — The eyelids are composed of various tissues, and consequently 
are liable to a variety of diseases. The skin covering them is thin and delicate, and is 
supported on a quantity of loose areolar subcutaneous tissue, devoid of fat. In conse- 
quence of this it is very freely movable, and is liable to be drawn down by the contraction 


* S. E. Whitnall ( Ophthalmic Review, Nov. 1911) examined 100 skulls and found that in 14 the 
anterior ethmoidal air-sinuses came into relation only with the posterior wall of the fossa ; in 32 
they reached as far forward as the suture between the lacrimal bone and the maxilla ; while 
in 54 one large irregular air-sinus extended forward as far as the anterior lacrimal crest. 
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of neighbouring cicatrices, and thus produce an eversion of the lid, known as ectropion . 
Inversion of the lids ( entropion ) from spasm of the Orbicularis oculi or from chronic 
inflammation of the palpebral conjunctiva may also occur. The loose cellular tissue 
beneath the skin is liable to become extensively infiltrated either with blood or inflamma- 
tory products, producing very great swelling. Even from very slight injuries to this 
tissue, the extravasation of blood may be so great as to produce considerable swelling of 
the eyelids and complete closure of the eye, and the same is the case when inflammatory 
products are poured out. The follicles of the eyelashes, or the sebaceous glands associated 
with these follicles, may be the seat of inflammation, constituting the ordinary ‘ stye/ 
Irregular or disorderly growth of the eyelashes not infrequently occurs, some of them 
being turned towards the eyeball and producing inflammation and ulceration of the 
cornea, and possibly eventually complete destruction of the eye. The Orbicularis oculi 
may be the seat of spasm, either in the form of slight quivering of the lids; or repeated 
twitchings, most commonly due to errors of refraction in children; or more continuous 
spasms, due to some irritation of the trigeminal or of the facial nerve. The Orbicularis 


Fig. 979. — A sagittal section through the anterior part of the head of an adult 
female. Left half viewed from within to show the left lateral nasal wall. 
The relative positions of the fossa for the lacrimal sac and the naso-laerimal 
duet are indicated by the white line, x about ( From WhitnalVs “ Anatomy 
of the human orbit ’* ; Oxford Medical Publications.) 
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oculi may be paralysed with the .other facial muscles. Under these circumstances the 
patient is unable to close the lids, and, if he attempts to do so, rolls the eyeball upwards 
under the upper eyelid. The tears overflow from displacement of the lower eyelid, and 
the conjunctiva and cornea, being constantly exposed and the patient ^being unable to 
wink, become irritated from dust and foreign bodies. Ptosis, or drooping of the upper 
eyelid, may be congenital, or may be due to paralysis of the Levator palpebrse superioris, 
in which case there will probably be other symptoms of implication of the oculomotor 
nerve. The eyelids may be the seat of bruises, wounds, or burns. Following burns, 
adhesion of the margins of the lids to each other, or adhesion of the lids to the bulb of 
the eye may take place. They are sometimes the seat of emphysema, after fracture 
of some of the thin bones forming the medial wall of the orbit:-. It shortly after such an 
injury the patient blows his nose, air is forced from the nostril through the lacerated 
structures into the connective tissue of the eyelids, which suddenly swell up and present 
the peculiar crackling characteristic of this affection. 

Foreign bodies frequently get into the conjunctival sac and cause great pain, especially 
if they come in contact with the corneal surface, during the movements of the eyelids. 
The conjunctiva is often involved in severe injuries of the eyeball, but is seldom ruptured 
alone; the most common form of injury to the conjunctiva alone is from a burn, either 
from fire, strong acids, or lime. In these cases union is liable to take place between the 
eyelid and the eyeball. The conjunctiva is often the seat of inflammation arising from 
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many different causes, and the arrangement of the conjunctival vessels should be remem- 
bered as affording a means of diagnosis between this condition and injection of the sclera* 
which is present in inflammation of the deeper structures of the bulb of the eye. The 
inflamed conjunctiva is bright red; the vessels are large and tortuous, and greatest at 
the circumference, shading off towards the corneal margin; they anastomose freely and 
form a dense network, and they can be emptied or displaced by gentle pressure. Inflam- 
mation of the underlying sclera, ciliary body, or iris, is a far more serious condition;, 
the injection is in the deeper vessels of the eye, and as seen through the sclera presents 
a diffuse and dull purplish or violet zone of circumcorneal discoloration. 

The lacrimal ducts may become occluded as a result of burns or injury ; overflow of 
the tears may also result from deviation of the puncta, or from chronic inflammation 
of the lacrimal sac. This latter condition is set up by some obstruction to the naso- 
lacrimal duct, frequently associated with some infection from the nasal cavity. In 
consequence of this the tears and mucus accumulate in the lacrimal sac and distend it. 
Suppuration in the lacrimal sac is sometimes met with; this may be the sequel of a 
chronic inflammation. It may lead to lacrimal fistula from an abscess forming in the sac, 
which bursts or is opened on the surface ; the condition is often seen in badly nourished, 
tuberculous children. 

The Organ of Hearing 

The ear or organ of hearing is divisible into three parts : the external ear, 
the middle ear or tympanic cavity, and the internal ear or labyrinth. 


The External Ear 

The external ear consists of the expanded portion named the auricula or 
pinna , and the external acoustic meatus. The former projects from the side of 

the head and serves to collect the air-vibrations 
Fig. 980. — The right auricula, by which sound is produced ; the latter leads in- 
Lateral surface. wards from the bottom of the auricula and con- 

ducts the vibrations to the tympanic cavity. 
The auricula or pinna (fig. 980) is of an 
\ oval form, with its larger end directed upwards. 

^ Its lateral surface is irregularly concave, looks 

■ slightly forwards, and presents numerous emi- 

nences and depressions. The prominent rim of 
the auricula is called the helix ; where the helix 
turns downwards posteriorly, a small tubercle, 
the auricular tubercle of Darwin , is frequently 
seen ; this tubercle is very evident about the 
sixth month of foetal life, when the whole 
auricula has a close resemblance to that of 
some of the adult monkeys. Another curved 
prominence, parallel with and in front of the 
helix, is called the antihelix ; this divides above 
into two crura, between which is a triangular 
depression, the fossa triangularis . The narrow 
curved depression between the helix and the 
antihelix is called the scapha ; the antihelix 
partly encircles a deep, capacious cavity, 
the concha , which is incompletely divided into two parts by the crus or anterior 
end of the helix ; the upper part is termed the cymba conchce , the lower part 
the cavum conchce. In front of the concha, and projecting backwards over 
the meatus, is a small eminence, the tragus. Opposite the tragus, and separated 
from it by the intertragic notch , is a small tubercle, the antitragus. Relow the 
antitragus is the lobule , composed of fibrous and adipose tissues, and devoid 
of the firmness and elasticity of the rest of the auricula. 

The cranial surface of the auricula presents elevations which correspond 
to the depressions on its lateral surface, and after which they are named, e.g. 
eminentia conchae, eminentia triangularis, &c. 

Structure. The auricula is composed of a thin plate of yellow fibrocartilage, 
covered with skin,, and connected to the surrounding parts by ligaments and 
muscles ; it is continuous with the cartilaginous portion of the external acoustic 
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meatus, and the latter is joined to the circumference of the porus acus ileus 
externus by fibrous tissue. 

The shin of the auricula is thin, closely adherent to the cartilage, and covered 
with fine hairs which are furnished with sebaceous glands ; these glands are most 
numerous in the concha and 


scaphoid fossa. On the tragus 
and antitragus, and in the inter - 
tragic notch the hairs are strong 
and numerous. The skin of the 
auricula is continuous with that 
lining the external acoustic 
meatus. 

The cartilage of the auricula 
(figs. 9S1, 982) consists of a 
single piece ; upon its surface 
are found the eminences and 
depressions above described. 
It is absent from the lobule ; it 
is deficient, also, between the 
tragus and beginning of the 
helix, the gap being filled up 
by dense fibrous tissue. At the 
front part of the auricula, 
•where the helix bends upwards, 


Fig. 981. — The cranial surface of the cartilage of 
the right auricula. 



is a small projection of the 

cartilage, called the spina helicis, while in the lower part of the helix the carti- 
lage is prolonged downwards as a tail-like process, the cauda helicis ; the latter 
is separated from the antihelix by a fissure, the fissura antitragokelicina . The 

cranial surface of the cartilage 


Fig. 982. — The muscles of the right auricula. 


exhibits a transverse furrow, the 
sulcus antihelicis transversus , which 



corresponds with the inferior crus 
of the antihelix and separates 
the eminentia conchse from the 
eminentia triangularis. The emi- 
nentia conchse is crossed by a 
vertical ridge (ponticulus) which 
gives attachment to the Auri- 
cularis posterior muscle. In the 
cartilage of the auricula are two 
fissures, one behind the crus helicis 
and another in the tragus. 

The ligament* of the auricula con- 
sist of two sets: (1) extrinsic, con- 
necting it to the temporal hone ; (2) 
intrinsic, connecting various parts of 
il.- ••;!!■: i. a together. 

The extrinsic ligaments are two in 
number, anterior and posterior. The 
anterior ligament extends from the 
tragus and spina helicis to the root of 
the zygomatic process of the temporal 
bone. The posterior ligament passes 
from the posterior surface of the 
concha to the outer surface of the 
mastoid process. 

The chief intrinsic ligaments are : (a) 
a strong fibrous band, stretching from 
the tragus to the helix, completing 


the meatus in front, and partly en- 


circling the boundary of the concha ; and (h) a band between the antiheiix and the cauda 
helicis. Other less important bands are found on the cranial surface of the pinna. 

The muscles of the auricula (fig. 982) consist of two sets: (1) the extrinsic, which 
connect it with * the skull and scalp and move the auricula as a whole ; and (2) the 
intrinsic, which extend from one part of the auricula to another. 
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The extrinsic muscles are the Auriculares anterior, superior, et posterior. 

The Auricularis anterior , the smallest of the three, is thin, fan-shaped, and its fibres 
are pale and indistinct. It arises from the lateral edge of the galea aponeurotiea, and 
its fibres converge to be inserted into the spina helicis. ^ 

The Auricularis superior, the largest of the three, is thin and fan-shaped. Its fibres 
arise from the galea aponeurotiea, and converge to be inserted by a thin , flattened tendon 
into the upper part of the cranial surface of the auricula. 

The Auricularis posterior consists of two or three fleshy fasciculi, which arise by short 
aponeurotic fibres from the mastoid portion of the temporal bone, and are inserted into 
the ponticulus on the eminentia conchoe. 

Nerve-supply.— The Auriculares anterior et superior are supplied by the temporal 
branches, and the Auricularis posterior by the posterior auricular branch, of the facial 
nerve. 

Actions.— In man, these muscles possess very little action : the Auricularis anterior 
draws the auricula forwards and upwards; the Auricularis superior slightly raises it; 
and the Auricularis posterior draws it backwards. 

The intrinsic muscles are the : 

Helicis major. Antitragicus. 

Helicis minor. Transversus auricula. 

Tragicus. Obliquus auriculae. 

The Helicis major is a narrow' vertical band situated upon the anterior margin of the 
helix. It arises from the spina helicis, and is inserted into the anterior border of the 
helix, where the latter is about to curve backwards. 

The Helicis minor is an oblique fasciculus, covering the crus helicis. 

The Tragicus is a short, flattened vertical baud on :i:e lateral surface of the tragus. 

The Antitragicus arises from the outer part of the antitragus, and is inserted into the 
cauda helicis and antihelix. 

The Transversus auriculae is placed on the cranial surface of the pinna. It consists 
of scattered fibres, partly tendinous and partly muscular, extending from the eminentia 
conchse to the eminentia seaphae. 

The Obliquus auricula, also on the cranial surface, consists of a few fibres extending 
from the upper and posterior parts of the eminentia conchae to the eminentia triangularis. 

Nerve-supply.— The intrinsic muscles on the lateral surface are supplied by the 
temporal branches of the facial nerve, the intrinsic muscles on the cranial surface by the 
posterior auricular branch of the same nerve. 

The arteries of the auricula are : (a) the posterior auricular branch of the external 
carotid artery, which supplies three or four branches to the cranial surface ; twigs from 
these reach the lateral surface, some by passing through the fissures of the auricular 
cartilage, and others by turning round the margin of the helix ; (6) the anterior auricular 
branches of the superficial temporal artery, which are distributed to the lateral surface; 
and (c) a branch from the occipital artery. 

The veins accompany the corresponding arteries. 

The sensory nerves are : the great auricular and lesser occipital nerves, from the 
cervical plexus ; the auriculotemporal branch of the mandibular nerve ; and the auricular 
branch of the vagus nerve. 

The external acoustic meatus extends from the bottom of the concha 
to the tympanic membrane (figs. 983, 984). It is about 4 cm. long if measured 
from the tragus ; from the bottom of the concha its length is about 2*5 cm. 
It forms an S-shaped curve, and is directed at first inwards, forwards, and 
slightly upwards (pars externa) ; it then passes inwards, backwards, and upwards, 
(pars media), and lastly is carried inwards, forwards, and slightly 
downwards (pars interna). It is an oval cylindrical canal, the greatest diameter 
of the oval being directed downwards and backwards at the external orifice, 
but nearly horizontally at the inner end. It presents two constrictions, one 
near the inner end of the cartilaginous portion, and another, named the isthmus , 
in the osseous portion, about 2 cm. from the bottom of the concha. The 
tympanic membrane, which closes the inner end of the meatus, is obliquely 
directed ; in consequence of this obliquity the floor and anterior wall of the 
meatus are longer than the roof and posterior wall. 

The external acoustic meatus is formed partly by cartilage and membrane, 
and partly by bone, and is lined by skin. 

The cartilaginous portion is about 8 mm. long ; it is continuous with the 
cartilage of the auricula, and is fixed to the circumference of the porus acusticus 
extemus of the temporal bone. The cartilage is deficient at the upper and 
posterior parts of the meatus, its place being supplied by fibrous membrane ; 
two or three deep fissures are present in the anterior part of the cartilage. 
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The osseous portion is about 16 mm. long, and is narrower than the cartila- 
ginous portion. It is directed inwards, forwards, and slightly downwards, 


Fig. 9S3. — The external and middle portions of the right ear, from the front. 
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forming in its course a slight curve the convexity of which is upwards and 
backwards. Its inner end is smaller than the outer, and sloped, the anterior 
wall projecting beyond the posterior for about 4 mm. ; this end is marked. 


Fig. 984. — A horizontal section through the left ear. Upper half of the section. 
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except at its upper part, by a narrow groove, the tympanic sulcus , in which 
the circumference of the tympanic membrane is attached. Its outer end 
g.a. 2 k 
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(porus aeustieus externus) is dilated and rough in the greater part of its circum- 
ference, for the attachment of the cartilaginous portion. The. anterior and 
inferior parts of the osseous portion are formed by the tympanic part of the 
temporal bone, which, in the foatus, exists as the tympanic ring (p. 213). 

The skin which envelops the auricula is continued into the external acoustic 
meatus and covers the outer surface of the tympanic membrane. It is thin 
and closely a dh erent to the cartilaginous and osseous parts of the tube. After 
maceration, the thin pouch of epidermis, when withdrawn, preserves the form 
of the meatus. In the thick subcutaneous tissue of the cartilaginous part 
of the meatus are numerous ceruminous glands which secrete the ear- wax ; their 
structure resembles that of the sudoriferous glands (p. 1057). 

Relations of the meatus .— In front of the meatus is the condyle of the mandible, 
which, however, is sometimes separated from the cartilaginous part by a small portion of 
the parotid gland. The movements of the mandible influence to some extent the lumen 
of the cartilaginous portion. Above the osseous part is the middle cranial fossa; behind 
it are the mastoid air-sinuses, separated from the meatus by a thin layer of bone. 

The arteries supplying the meatus are branches from the posterior auricular, internal 
maxillary, and temporal arteries. 

The nerves are chiefly derived from the auriculotemporal branch of the mandibular 
nerve and the auricular branch of the vagus nerve. 

Applied Anatomy. — Malformations, such as imperfect development of the external 
parts, supernumerary auriculae , or absence of the meatus, are occasionally met with. 
The skin of the auricula is thin and richly supplied with blood, but in spite of this it is 
often the seat of frost-bite, due to the fact that it is much exposed to cold, and lacks the 
usual underlying subcutaneous fat found in most other parts of the body. A collection 
of blood is sometimes found between the cartilage and perichondrium (hcematoma auris ), 
usually the result of traumatism, but not necessarily due to this cause ; it is said to occur 
most frequently in the ears of the insane. Deposits of urate of soda are often met with 
in the auriculas of gouty subjects. 

The external acoustic meatus can be most satisfactorily examined by light reflected 
down a funnel-shaped speculum , when the greater part of the canal and tympanic mem- 
brane can be brought i ■ - to \ Lw. In using this instrument, it is advisable that the auricula 
should be drawn upwards, backwards, and a little outwards, so as to render the meatus as 
straight as possible. The points to be noted are : the presence of w T ax or foreign bodies ; 
the size of the meatus; and the condition of the tympanic membrane. Accumulation of 
wax is often a cause of deafness ; it is best removed by syringing. Foreign bodies are not 
infrequently introduced into the ear by children, and, when situated in the first portion of 
the moar::s, may be removed with tolerable facility by means of a minute hook or loop 
of fine wire, aided by reflected light; but when they have slipped beyond the narrow 
middle part of the meatus, their removal is in no wise easy, and attempts to effect it, in 
inexperienced hands, may be followed by destruction of the tympanic membrane and 
possibly the contents of the tympanic cavity. 

At the point of junction of the osseous and cartilaginous portions an obtuse angle, 
which projects into the tube at its antero-inferior wall, is formed ; this produces a sort 

of constriction, and renders it a 
narrow portion of the meatus 
— an important point to be 
remembered in connexion with 
the presence of foreign bodies 
in the meatus. The shortness 
of the meatus in children should 
be borne in mind in introducing 
the aural speculum, so that it 
be not pushed in too far, at the 
risk of injuring the tympanic 
membrane ; indeed, even in the 
adult the speculum should never 
be introduced beyond the con- 
striction which marks the junc- 
tion of the osseous and carti- 
laginous portions. J ust in front 
of the membrane is a well- 
marked depression, situated on 
the floor of the meatus, and 
.bounded by a somewhat pro- 
minent ridge ; in this foreign 
bodies may become lodged. By aid of the speculum, combined with traction of the auricle 
upwards and backwards, the greater part of the tympanic membrane is rendered visible 
(fig. 985). It is a pearly-grey membrane, slightly glistening in the adult, placed obliquely. 


Fig. 985. — The right tympanic membrane, as seen 
through a speculum. 
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so as to form with the floor of the meatus a very acute angle (about fifty-five degrees), 
while with the roof it forms an obtuse angle. At birth it is more horizontal, situated in 
almost the same plane as the base of the skull. About midway between the anterior and 
posterior margins of the membrane, and extending from the centre obliquely upwards and 
forwards, is a reddish-yellow streak ; this is the handle of the malleus, which is inserted 
into the membrane. At the upper part of this streak, close to the roof of the meatus, a 
little white, round prominence is plainly to be seen ; this is the lateral or short process of 
the malleus, projecting against the membrane. The tympanic membrane does not present 
a plane surface ; on the contrary, its centre is drawn inwards, on account of its connexion 
with the manubrium of the malleus. 

The connexions of the nerves of the meatus explain the occurrence of constant cough- 
ing and sneezing, from implication of the vagus, when there exists any source of irritation 
in the meatus ; and the vomiting which may follow syringing the ears of children, and the 
occasional heart failure similarly induced in elderly people. No doubt also the associa- 
tion of earache with toothache or with cancer of the tongue is due to implication of the 
mandibular branch of the trigeminal nerve, which supplies also the teeth and the tongue. 
The upper half of the tympanic membrane is much more vascular than the lower half ; for 
this reason, and also to avoid the chorda tympani nerve and ossicles, incisions through 
the membrane should be made at the lower and posterior part. 


The Middle Ear, or Tympanic Cavity" 

The middle ear or tympanic cavity, is an irregular, laterally compressed 
space within the temporal bone. It^ is filled with air, which is conveyed to 
it from the nasal part of the pharynx through the auditory tube. It contains 
a chain of movable bones which connect its lateral to its medial wall, and 
transmit the vibrations of the tympanic membrane across the cavity to the 
internal ear. 

The tympanic cavity consists of two parts : the tympanic cavity proper , 
opposite the tympanic membrane, and the attic or epitympanic recess , above 
the level of the membrane ; the latter contains the upper half of the malleus 
and the greater part of the incus. Including the attic, the vertical and antero- 
posterior diameters of the cavity are each about 15 mm. The transverse 
diameter measures about 6 mm. above and 4 mm. below ; opposite the centre 
of the tympanic membrane it is only about 2 mm. The tympanic cavity is 
bounded laterally by the tympanic membrane ; medially, by the lateral wall 
of the internal ear ; it communicates, behind, with the tympanic antrum 
and through it with the mastoid air-sinuses, and in front with the auditory tube 5 
(fig. 983). 

The tegmental wall or roof of the tympanic cavity is formed by a thin 
plate of bone, the ieyrrien tympani, which separates the cranial and tympanic 
cavities, and forms the greater part of the anterior surface of the petrous 
portion of the temporal bone ; it is prolonged backwards so as to roof the 
tympanic antrum, and forwards to cover the semicanal for the Tensor tympani. 

The jugular wall or floor is narrow, and consists of a thin, convex 
plate of bone ( fundus tympani) which separates the tympanic cavity from the 
superior bulb of the internal jugular vein ; in places this bony wall may be 
deficient, and then the tympanic cavity is separated from the vein by mucous 
membrane and fibrous tissue only. In the floor of the tympanic cavity, near 
the labyrinthic wall, is a small aperture for the passage of the tympanic 
branch of the glossopharyngeal nerve. 

The membranous or lateral wall of the tympanic cavity (fig. 986) is 
formed mainly by the tympanic membrane, but partly by the ring of bone in 
which this membrane is attached. There is a deficiency or notch in the upper 
part of the ring (notch of Rivinus ), close to which are three small apertures, viz.: 
the iter chordae posterius, the petrotympanic fissure, and the iter chordae anterius. 

The iter chordae posterius (apertura tympanica canaliculi chordae) is situ- 
ated in the angle of junction between the mastoid and membranous walls of 
the tympanic cavity immediately behind the tympanic membrane and on a 
level with the upper end of the manubrium mallei ; it leads into a minute 
canal, which descends in front of the canal for the facial nerve, and ends in 
that canal about 6 mm. above the stylomastoid foramen. Through it the 
chorda tympani nerve and a branch of the stylomastoid artery enter the 
tympanic cavity. 
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The petrotympanic fissure (Glaserian fissure) opens just above and in front 
of the ring of bone into which the tympanic membrane is inserted ; in this 
situation it is a mere slit about 2 mm. in length. It lodges the anterior process 
and anterior ligament of the malleus, and transmits to the tympanic cavity the 
anterior tympanic branch of the internal maxillary artery. 

The iter chordae anterius (canal of Huguier) is placed at the medial end of 
the petrotympanic fissure; through it the chorda tympani nerve leaves the 


tympamc cavity. 

* The tympanic membrane (figs. 9< 
from the external acoustic meatus. ] 
oval in form, somewhat broader above 


Fig. 986. — The membranous wall of the 
right tympanic cavity. (Testut.) 
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15, 986) separates the tympanic cavity 
t is thin and semitransparent, nearly 
than below, and placed very obliquely, 
forming an angle of about fifty-five 
degrees with the floor of the meatus. 
Its longest diameter is downwards 
and forwards, and measures from 9 to 
10 mm. ; its shortest diameter from 8 
to 9 mm. The greater part of its cir- 
cumference is thickened, and forms a 
fibrocartilaginous ring which is fixed 
in the tympanic sulcus at the inner 
end of the meatus. This sulcus is 
deficient superiorly at the notch of 
Rivinus, and from the ends of this 
notch two bands, the anterior and 
posterior malleolar folds, are prolonged 
to the lateral process of the malleus. 
The small, somewhat triangular part 
of the membrane situated above these 
folds is lax and thin, and is named the 
pars flaccida (membrane of Shrapnell) ; 
a small orifice is sometimes seen in it. 
The chief part of the membrane is 
taut and is named the pars tensa. 
The manubrium of the malleus is firmly 
attached to the medial surface of the 
tympanic membrane as far as its centre, 
which projects towards the tympanic 
cavity ; the medial surface of the 
membrane is thus convex, and the 
point of greatest convexity is named 
the umbo . Although the membrane 
as a whole is convex on its inner 
surface, its radiating fibres (vide infra) 
are curved with their concavities 
directed inwards, and the membrane 
has a shape somewhat resembling that 
of a convolvulus flower. 


Structure. — The tympanic membrane is composed of three strata : a lateral 
(epidermal), an intermediate (fibrous), and a medial (mucous). The epidermal 
stratum is derived from the skin which lines the external acoustic meatus, and con- 
sists of stratified epithelium. The fibrous stratum consists of two layers : a superficial 
radiate stratum, the fibres of which diverge from the manubrium of the malleus, 
and a deep circular stratum, the fibres of which are plentiful around the circum- 
ference, but sparse and scattered near the centre, of the membrane. Branched or 
dendritic fibres (Gruber) are also present, especially in the posterior half of the 
membrane. The mucous stratum is a part of the mucous membrane of the tympanic 
cavity ; it is thickest towards the upper part of the membrane, and is covered by 
a single layer of flattened cells. In the pars flaccida of the membrana tympani 
the fibrous stratum is replaced by loose connective tissue. 


Vessels and Nerves . — The arteries of the tympanic membrane are derived from the 
deep auricular branch of the internal maxillary artery, which ramifies beneath the 
cutaneous stratum; and from the stylomastoid branch of the posterior auricular artery, 
and tympanic branch of the internal maxillary artery, which are distributed to the mucous 
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surface. The superficial vems open into the external jugular vein; those on the deep 
surtace dram partly into the transverse sinus and veins of the dura mater, and partly into 
a plexus of veins on the auditory tube. The membrane receives its nerve -supply from 
tiie auriculotemporal branch of the mandibular nerve, the auricular branch of the vagus 
nerve, and the tympanic branch of the glossopharyngeal nerve. 

The labyrinthic or medial wall (fig. 987) of the tympanic cavity is 
iormed by the lateral wall of the internal ear. It presents for examination 
the fenestra vestibuli, the fenestra cochleae, the promontory, and the prominence 
of the facial canal. 

The fenestra vestibuli (fenestra ovalis) is a reniform opening, situated above 
and behind the promontory, and leading from the tympanic cavity into the 
vestibule of the internal ear ; its long diameter is horizontal, and its convex 


Fig. 987. — A coronal section through the right temporal bone. Anterior aspect. 
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border is upwards. In the recent state it is occupied by the base of the stapes, 
the circumference of which is fixed to the margin of the fenestra by the liga- 
mentum annulare baseos stapedis. 

The fenestra cochleae (fenestra rotunda) is situated below and a little behind 
tne fenestra vestibuli, from which it is separated by the promontory. It lies 
completely under cover of the overhanging edge of the promontory, in a deep 
hollow or niche. It is placed very obliquely, and, in the macerated bone, 
opens upwards and forwards from the tympanic cavity into the scala tympani 
of the cochlea. In the recent state it is closed by the secondary tympanic 
membrane , which is somewhat concave towards the tympanic cavity, and 
convex towards the cochlea, the membrane being bent so that its postero- 
superior one-third forms an angle with its antero-inferior two-thirds. This 
membrane consists of three layers : an external, derived Jjrom the mucous 
lining of the tympanic cavity ; an internal, from the lining membrane of the 
cochlea ; and an intermediate, fibrous layer. 

The promontory is a rounded prominence, formed by the projection outwards 
of the first turn of the cochlea ; it is placed between the fenestra vestibuli 
and fenestra cochleae, and its surface is furrowed by small grooves which lodge, 
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the nerves of the tympanic plexus. A minute spicule of bone frequently 
connects the promontory to the pyramidal eminence. 

The prominence of the facial canal indicates the position of the upper part 
of the bony canal (aquseductus Fallopii), in which the facial nerve is contained ; 
this canal, the wall of which may be partly deficient, traverses the labyrinthic 
wall of the tympanic cavity from before backwards, immediately above the 
fenestra vestibuli, and then curves downwards in the mastoid wall. 

The mastoid or posterior wall of the tympanic cavity is wider above than 
below, and presents for examination the entrance to the tympanic antrum, 
the pyramidal eminence, and the fossa incudis. 

The entrance to the antrum (adiius ad antrum) is a large irregular aperture, 
which leads, backwards from the epitympanic recess into an air-sinus, named 
the tympanic or mastoid antrum (p. 209). The antrum communicates behind 
and below with the mastoid air-sinuses , which vary considerably in number, 
size, and form ; the antrum and mastoid air-sinuses are lined by mucous 
membrane, continuous with that lining the tympanic cavity. On the medial 
wall of the entrance to the antrum is a rounded eminence, situated above 
and behind the prominence of the facial canal ; it corresponds with the position 
of the lateral semicircular canal. 

The pyramidal eminence is situated immediately behind the fenestra vestibuli, 
and in front of the vertical portion of the facial canal ; it is hollow, and contains 
the Stapedius muscle ; its summit projects forwards towards the fenestra vesti- 
buli, and is pierced by a small aperture which transmits the tendon of the muscle. 
The cavity in the pyramidal eminence is prolonged downwards and backwards 
in front of the facial canal, and communicates with the latter by a minute aper- 
ture which transmits a twig from the facial nerve to the Stapedius muscle. 

The fossa incudis is a small depression in the lower and posterior part of 
the epitympanic recess ; it lodges the short crus of the incus, which is fixed to 
the fossa by ligamentous fibres. 

The carotid or anterior wall of the tympanic cavity is narrowed in its 
vertical diameter by the descent of the tegmen tympani ; it is separated from 
the carotid canal by a thin plate of bone perforated by the tympanic branch of 
the internal carotid artery, and by the caroticotympanic nerves. At the upper 
part of the anterior wall are the orifice of the semicanal for the Tensor 
tympani, and the tympanic orifice of the auditory tube, separated from each 
other by a thin horizontal plate of bone, the septum canalis museulotubarii. 
These canals run from the tympanic cavity forwards and downwards to the angle 
of union between the squama and the petrous portion of the temporal bone. 

The semicanal for the Tensor tympani , the higher and smaller semicanal, is 
cylindrical and lies beneath the tegmen tympani. It extends on to the 
labyrinthic wall of the tympanic cavity, and ends immediately above the 
fenestra vestibuli. 

The septum canalis museulotubarii (processus cochleariformis) passes back- 
wards below this semicanal, forming its lateral wall and floor ; it expands 
above the anterior end of the fenestra vestibuli, and terminates there by curving 
laterally so as to form a pulley over which the tendon of the muscle passes. 

The auditory tube (Eustachian tube) is the channel through which the 
tympanic cavity communicates with the nasal part of the pharynx. Its length 
is about 36 mm., and its direction is downwards, forwards, and medialwards, 
forming an angle of about 45° with the sagittal plane and one of about 30° 
with the horizontal plane. It is formed partly of bone, partly of cartilage 
and fibrous tissue (fig. 983). 

The osseous portion is about 12 mm. long. It begins in the carotid or 
anterior wall of the tympanic cavity, below the septum canalis museulotubarii, 
and, gradually narrowing, ends at the angle of junction of the squama and the 
petrous portion of the temporal bone, its extremity presenting a jagged margin 
which serves for the attachment of the cartilaginous portion. It is oblong in trans- 
verse section witji its greater diameter from side to side. It lies immediately 
above the carotid canal, from which it is separated by a very thin plate of bone. 

The cartilaginous portion , about 24 mm. long, is formed of a triangular 
plate of elastic fibrocartilage, the greater part of which is situated in the medial 
wall of the tube. The apex of the fibrocartilage is attached by fibrous tissue 
to the circumference of the medial end of the osseous portion of the tube, while 
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its base lies directly under the mucous membrane of the lateral wall of the 
nasal part of the pharynx, where it forms an elevation, the torus tubarius or 
cushion , behind the pharyngeal orifice of the tube. The upper part of the 
cartilage is bent lateral wards and downwards, and the cartilage therefore 
consists of a broad lamina medialis , and a narrow lamina lateralis . On 
transverse section the cartilage has the appearance of a hook ; a groove or 
furrow is thus produced, which is open below and laterally, and this part of 
the wall of the canal is completed by fibrous membrane. The cartilage is 
fixed to the base of the skull in a groove between the petrous part of the tem- 
poral bone and the great wing of the sphenoidal bone ; this groove ends opposite 
the middle of the medial pterygoid lamina. The cartilaginous and bony portions 
of the tube are not in the same plane, the former inclining downwards a little 
more than the latter. The diameter of the tube is not uniform throughout, being 
greatest at the pharyngeal orifice, least at the junction of the bony and cartila- 
ginous portions, and again increased towards the tympanic cavity ; the 
narrowest part of the tube is termed the isthmus. The position and relations 
of the pharyngeal orifice are described with the nasal part of the pharynx 
(p. 1122). The mucous membrane of the tube is continuous in front with that 
of the nasal part of the pharynx, and behind with that of the tympanic cavity ; 
it is covered with ciliated columnar epithelium and is thin in the osseous portion, 
while in the cartilaginous portion it contains many mucous glands, and near 
the pharyngeal orifice a considerable amount of adenoid tissue, named by 
Gerlach the tube-tonsil. The tube is opened during deglutition by the Salpingo- 
pharyngeus and Dilatator tubse. The latter arises from the lateral lamina of 
the cartilage and from the membranous part of the tube, and blends below with 
the Tensor veli palatini. H. Blake way * is of opinion that contraction of the 
Tensor veli palatini is more likely to produce closure than opening of the tube. 

In the new-born child the auditory tube is about half as long as that of the adult. Its 
direction is more horizontal, and it-s osseous portion is relatively shorter but much wider 
than in the adult. Its pharyngeal orifice is a narrow slit which is on a level with the 
palate, and is devoid of a torus tubarius. 

Vessels and Nerves . — The arteries of the auditory tube are derived from the ascending 
pharyngeal branch of the external carotid artery and from two branches of the internal 
maxillary artery, viz. the middle meningeal artery and the artery of the pterygoid 
canal. The vems open into the pterygoid venous plexus. The nerves of the tube spring 
from the pharyngeal plexus and from the pharyngeal branch of the sphenopalatine 
ganglion. 


The Auditory Ossicles 

The tympanic cavity contains a chain of three movable ossicles, the malleus , 
incus, and stapes. The malleus is attached to the tympanic membrane, the 
stapes to the circumference of the 
fenestra vestibuli, while the incus 
is placed between the malleus and 
stapes and connected to them by 
delicate articulations. 

The malleus (fig. 988), so named 
from its fancied resemblance to a 
hammer, is from 8 to 9 mm. long, 
and is the largest of the auditory 
ossicles. It consists of a head, neck, 
and three processes, viz. the manu- 
brium, and the anterior and lateral 
processes. 

The toe?, the large upper end of 
the bone, is situated within the 
epitympanic recess ; it is ovoid in 
shape and articulates posteriorly with 
the incus, being free in the rest of its extent. The facet for articulation 
with the incus is constricted near the middle, and consists of an upper larger 
and lower smaller part, situated nearly at right angles to one another. 

* Journal of Anatomy and Physiology , vol. xlviii. 


Fig. 988. — The left malleus. 
a. From behind, b. From within. 
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Opposite the constriction the lower margin of the facet projects in the form 
of a process, the cog -tooth or spur of the malleus. 

The neck is the contracted part just beneath the head ; below the neck is 
an enlargement to which the various pro cesses are attached. 

The manubrium mallei is connected by its lateral margin with the tympanic 
membrane. It is directed downwards, medialwards, and backwards ; it 

decreases in size towards its free end, 
which is curved slightly forwards and 
flattened transversely. Near the upper 
end of its medial surface is a slight pro- 
jection, into which the tendon of the 
Tensor tympani is inserted. 

The anterior process (processus gracilis) 
is a delicate spicule, directed forwards 
from the enlargement below the neck ; it 
is connected to the petrotympanic fissure 
by ligamentous fibres. In the foetus this 
is the longest process of the malleus, and 
is continuous in front with the cartilage 
of Meckel (p. 77). 

The lateral process (processus brevis) is a conical projection, which springs 
from the root of the manubrium ; it is directed laterally, and is attached to 
the upper part of the tympanic membrane and, by means of the anterior and 
posterior malleolar folds, to the extremities of the notch of Rivinus. 

Ossification. — The malleus, with the exception of its anterior process, is ossified 
from a single centre which appears near the neck of the bone. The anterior process 
is ossified separately, in membrane, and joins the main part of the bone about the 
sixth month of foetal life. 

The incus (fig. 989) has received its name from its supposed resemblance 
to an anvil, but its shape is more like that of a premolar tooth, with two widely 
diverging roots. It consists of a body and two crura. 

The body is somewhat cubical, but compressed transversely. On its anterior 
surface is a saddle-shaped facet, for articulation with the head of the malleus. 

The two crura diverge from one another nearly at right angles. 

The short crus , somewhat conical in shape, projects backwards, and is 
attached by ligamentous fibres to the fossa ineudis, in the lower and posterior 
part of the epitympanic recess. 

The long crus, rather more than half the length of the manubrium mallei, 
descends nearly vertically behind and parallel to that process ; its lower end 
bends medialwards, and terminates in a rounded projection, the lenticular 
process , the inner surface of which is covered with cartilage, and articulates 
with the head of the stapes. 

Ossification. — The incus is ossified from one centre which appears in the upper 
part of its long crus. 

The stapes (fig. 990), so called from its resemblance to a stirrup, consists 
of a head, neck, two crura, and a base. 

On the head , which is directed lateralwards, is a depression for articulation 
with the lenticular process of the incus. 

On the neck or constricted part suc- 
ceeding the head, the tendon of the 
Stapedius muscle is inserted. 

The crura diverge from the neck 
and are connected at their ends by a 
flattened oval plate, the base , which 
forms the footplate of the stirrup and 
is fixed to the margin of the fenestra 
vestibuli by a ring of ligamentous fibres. 

The anterior crus is shorter and less 
curved than the posterior. 

Ossification; — The stapes is ossified from a single centre which appears in the 
base of the bone. 

The articulations of the auditory ossicles. — The ipcudomalleolar 
joint is a saddle-shaped diarthrosis ; it is surrounded by an articular capsule. 


Fig. 990. — a. The left stapes, b. Medial 
surface of the base of the stapes. 


Anterior crus 
Posterior crus 
Base 



Fig. 989. — The left incus, a. From 
within, b. From the front. 
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and the joint-cavity is incompletely divided by a wedge-shaped articular 
disc or meniscus. The incudostapedial joint is an enarthrosis, surrounded 
by an articular capsule : some observers have described an articular disc or 
meniscus in this joint ; others regard the joint as a syndesmosis. 

The ligaments of the ossicles. — The ossicles are connected to the walls 
of the tympanic cavity by ligaments : three for the malleus, and one each 
for the incus and stapes. 

The anterior ligament of the malleus is attached by one end to the neck of the 
malleus, just above the anterior process, and by the other to the anterior wall 
of the tympanic cavity, close to the petrotympanic fissure, some of its fibres 
being prolonged through the fissure, to reach the spina angularis of the 
sphenoidal bone. 

The lateral ligament of the malleus is a triangular band passing from the 
posterior part of the border of the notch of Rivinus to the head of the malleus. 
Helmholtz described the anterior ligament and the posterior part of the 
lateral ligament as forming together the c axis ligament 5 around which the 
malleus rotates. 

The superior ligament of the malleus connects the head of the malleus to the 
roof of the epitympanic recess. 

The posterior ligament of the incus connects the end of the short crus of the 
incus to the fossa incuclis. 

A superior ligament of the incus has been described, but it is little more than 
a fold of mucous membrane. 

The vestibular surface and the circumference of the base of the stapes are 
covered with hyaline cartilage ; that encircling the base is attached to the 
margin of the fenestra vestibuli by a ring of elastic fibres, the ligamentum 
annulare haseos stapedis . The posterior part of this ligament is much narrower 
than the anterior part, and acts as a kind of hinge on which the base of the 
stapes moves when the Stapedius muscle contracts. 

Movements of the auditory ossicles. — The manubrium mallei follows all the move- 
ments of the tympanic membrane, while the malleus and incus rotate together around an 
axis which ri,i:).> i h rough rhe short crus of the incus and the anterior ligament of the 
malleus. Whoi. :ho tympanic membrane and manubrium mallei are propelled inwards 
the long crus of the incus also moves in the same direction and pushes the base of the 
stapes towards the labyrinth. This motion is communicated to the fluid (perilymph) 
contained within the labyrinth and the movement of the pt.-vilymph causes an outward 
bulging of the secondary tympanic membrane which closes Vnesrrn cochleae. The 
conditions are reversed when the tympanic membrane moves in a lateral direction, but 
if this movement of the membrane be exaggerated the incus does not follow the full 
outward excursion of the malleus, but merely glides on this bone at the ineudomalleolar 
joint, and thus the danger of pulling the foot of the stapes out of the fenestra vestibuli is 
prevented. "When the manubrium mallei is carried inwards the cog-tooth or spur on the 
lower margin of the head of the malleus locks the ineudomalleolar joint, and this necessi- 
tates an inward movement of the long crus of the incus; the joint is unlocked when 
the manubrium mallei is carried outwards. 

The muscles of the tympanic cavity are the Tensor tympani and Stapedius. 

The Tensor tympani is contained in the bony canal above the osseous 
portion of the auditory tube, from which it is separated by the septum 
canalis musculotubarii. It arises from the cartilaginous portion of the auditory 
tube and the adjoining part of the great wing of the sphenoidal hone, as well 
as from the osseous canal in which it is contained. Passing backwards 
through the canal, it ends in a slender tendon which bends lateralwards round 
the pulley-like posterior end of the septum, and is inserted into the manubrium 
mallei, near its root. 

Nerve-supply. — The Tensor tympani is supplied by a branch of the mandibular 
nerve through the otic ganglion. 

Action. — The Tensor tympani draws the manubrium mallei medialwards, and 
as a consequence the base of the stapes is pushed inwards, thus increasing the 
pressure of the fluid in the labyrinth. 

The Stapedius arises from the wall of a conical cavity in the pyramidal 
eminence ; its tendon emerges from the orifice at the apex of the eminence, and, 
passing forwards, is inserted into the posterior surface of the neck of the stapes. 

Nerve-supply. — The Stapedius is supplied by a branch of the facial nerve. 

g.a. 2 k 2 
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Action. — The Stapedius pulls the head of the stapes backwards, and tilts the 
anterior end of the base towards the tympanic cavity, thus diminishing the pressure 
of the fluid in the labyrinth. The Stapedius, therefore, counteracts the action of 
the Tensor tympani. 

The mucous membrane of the tympanic cavity is continuous with that 
of the pharynx, through the auditory tube. It invests the auditory ossicles 
and the muscles and nerves contained in the tympanic cavity, forms the 
medial layer of the tympanic membrane, and the lateral layer of the secondary 
tympanic membrane, and lines the tympanic antrum and mastoid air-sinuses. 
It forms several vascular folds, which extend from the walls of the tympanic 
cavity to the ossicles ; of these, one descends from the roof of the cavity to 
the head of the malleus and upper margin of the body of the incus, a second 
invests the Stapedius muscle ; other folds invest the chorda tympani nerve 
and the Tensor tympani muscle. These folds separate off pouch-like cavities, 
and give the interior of the tympanum a somewhat honeycombed appearance. 
One of these pouches, the pouch of PrussaJc , lies between the neck of the malleus 
and the membrana flaccida. Two other recesses, the anterior and posterior 
recesses of Troltsch. may he mentioned : they are formed by the mucous mem- 
brane which envelops the chorda tympani nerve, and are situated, one in 
front of, and the other behind, the manubrium mallei. In the tympanic 
cavity the mucous membrane is pale, thin, slightly vascular, and covered with 
cubical epithelial cells, except around the orifice of the auditory tube, where 
the cells are ciliated. There are no mucons glands in the tympanic cavity. 
The tympanic antrum and the mastoid air-sinuses are lined by squamous, 
non-eiliated epithelium. 

Vessels and Nerves. — The arteries are six in number. Two of them are larger than the 
others, viz. the anterior tympanic branch of the internal maxillary artery, which supplies 
the tympanic membrane, and the stylomastoid branch of the posterior auricular artery, 
which supplies the posterior part of the tympanic cavity and mastoid air-sinuses. The 
smaller arteries are— -the petrosal branch of the middle meningeal artery, which enters 
through the hiatus of the facial canal ; a branch from the ascending pharyngeal artery, 
and another from the artery of the pterygoid canal, which accompany the auditory tube ,* 
and the tympanic branch from the internal carotid artery, given off in the carotid canal 
and perforating the thin anterior wall of the tympanic cavity. The veins terminate in 
the pterygoid venous plexus and in the superior petrosal sinus. From the mucous mem- 
brane of the tympanic antrum a small group of veins runs medialwards through the arch 
formed by the superior semicircular canal. They emerge on the posterior surface of the 
petrous part of the temporal bone through the subarcuate fossa, and open into the superior 
petrosal sinus. These small veins are the remains of the large subarcuate veins of the 
child, and constitute a pathway of infection from the tympanic antrum to the meninges 
of the brain. The nerves constitute the tympanic plexus, which ramifies upon the surface 
of the promontory. The plexus is formed by (1) the tympanic branch of the glosso- 
pharyngeal nerve, and (2) the caroticotympanic nerves. 

The tympanic branch of the glossopharyngeal (Jacobson’s nerve) enters the tympanic 
cavity by the inferior tympanic canaliculus, and divides into branches which ramify on 
the promontory and enter into the formation of the tympanic plexus. The superior and 
inferior caroticotympanic nerves , from the carotid plexus of the sympathetic, pass through 
the wall of the carotid canal, and join the plexus. The tympanic plexus supplies, (a) 
branches to the mucous lining of the tympanic cavity, auditory tube, and mastoid air- 
sinuses ; ( b ) a branch which goes through an opening in front of the fenestra vestibuli 
and joins the greater superficial petrosal nerve ; and (c) the lesser superficial petrosal nerve, 
which may be looked upon as the continuation of the tympanic branch of the glosso- 
pharyngeal nerve through the tympanic plexus. The lesser superficial petrosal nerve 
traverses a small canal beneath the semicanal for the Tensor tympani, runs past, and 
receives a connecting branch from, the genicular ganglion of the facial nerve, and reaches 
the anterior surface of the temporal bone through a small opening on the lateral side of the 
hiatus of the facial canal. It then passes through the foramen ovale or the canaliculus 
innominatus of Arnold (p. 203 *) and joins the otic ganglion (p. 903). 

The chorda tympani nerve crosses the tympanic cavity. It is given off from the sensory 
part of the facial nerve, about 6 mm. before that nerve emerges from the stylomastoid 
foramen. It runs upwards and forwards in a canal, and enters the tympanic cavity through 
the iter chordce posterius , and becomes invested with mucous membrane. It traverses the 
tympanic cavity, crossing medial to the tympanic membrane and the upper part of the 
manubrium mallei to the carotid wall, where it emerges through the iter chordae anterius , 
or canal of Huguier. 

Applied Anatomy . — Fractures of the middle fossa of the base of the skull almost in- 
variably involve the tympanic roof, and are accompanied by a rupture of the tympanic 
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membrane or fracture through the roof of the bony meatus. They are associated with 
profuse continued bleeding from the ear, and, if the dura mater has also been torn, with 
discharge of copious amounts of cerebrospinal fluid. Here the avoidance of infection 
from the outside is of the utmost importance, as should it occur septic meningitis must 
inevitably follow with a fatal issue. 

The tympanic cavity is very frequently the seat of disease, both suppurative and non- 
suppurative, and in practically every case the inflammation spreads upwards from the 
nose or throat along the auditory tube. Acute inflammatory troubles spreading up to 
the tympanic cavity are usually associated with so much inflammatory swelling of the 
mucous membrane of the auditory tube as to occlude it, and thus the products of inflam- 
mation are pent up in the tympanic cavity and directly involve the tympanic antrum. 
Under such circumstances the only means of escape for the products is by rupture of the 
tympanic membrane, which usually occurs spontaneously and is followed by a free dis- 
charge of pus, with relief from the acute pain which exists in this condition. Should the 
swelling of the walls of the auditory tube then subside, the normal drainage of the cavity 
will be established and the perforation in the drum will heal, but if not — as is often the 
case because the opening of the tube may be occluded by adenoid growths in the naso- 
pharynx or other cause — the pus will continue to accumulate in the middle ear and will 
overflow through the perforation as a chronic otorrhosa. In the course of time the disease 
spreads beyond the mucous membrane to the walls of the tympanic cavity, to the ossicles, 
or to the mastoid process, and when this has occurred the condition is incurable except 
by the removal of the carious bone. Further, severe intracranial complications are at 
this time often produced owing to purulent material being retained ; thus an abscess may 
form between the bone and dura mater, (a) about the roof of the tympanic cavity, and 
immediately beneath the dura covering the temporal lobe, or (b) between the deep aspect 
of the mastoid process and the sigmoid bend of the transverse sinus, possibly extending 
widely and surrounding the sinus. In this latter type of case thrombosis of the transverse 
sinus readily occurs, and the clot being also infected tends to disintegrate and be carried 
into the general circulation, particles becoming lodged in the capillaries of the lungs and 
setting up abscesses therein. Pyaemia from transverse sinus thrombosis is more common 
than from any other focus of origin. In addition, bone disease of the tympanic cavity or 
antrum may be associated with severe and fatal septic meningitis, or with the formation 
of abscess in the brain, the most common sites being the temporal lobe and the hemisphere 
of the cerebellum. 

Less serious, but more common, is the formation of a subperiosteal mastoid abscess 
with great swelling behind the ear, and protrusion outwards of the auricula ; such a con- 
dition demands an early incision through all the structures, including the periosteum, 
over the whole length of the mastoid process, and then it will frequently be found that 
the underlying bone is carious or that a track leads through the bone into the tympanic 
antrum. In such conditions extensive operations for the removal of bone are often re- 
quired. In many cases of chronic bone disease in the tympanic cavity, the facial nerve 
becomes exposed as it lies in its canal, and an inflammatory process is set up in the nerve, 
leading to facial paralysis of the infranuclear type (p. 912). In other cases localised areas 
of bone disease, most often in the region of the epitvmpanic recess, form the points from 
which aural polypi grow, and the ear polypus, like the nasal polypus, must he considered 
to have originated in a spot of carious bone, the removal of which is necessary if a cure 
is to be established. 

In dealing with suppuration in the tympanum by operation, the tympanic antrum is 
first reached through the suprameatal triangle of Macewen (page 206), the posterior wall 
of the external acoustic meatus being the direction which is taken. In enlarging the 
opening from the antrum to the tympanum, the facial nerve is protected by passing a 
special probe through the passage, and only removing the bone from the lateral side. In 
the child the tympanic antrum is close to the surface, and the facial nerve is not covered 
by the mastoid process. 

Of the non-suppurative conditions which affect the middle ear, chronic catarrh, leading 
to sclerosis of the whole of the tympanic contents, is again due to spread of inflammation 
from some nasal or pharyngeal condition. The progress is very slow, but leads to ever- 
increasing deafness — this deafness in the first instance is in no way connected with any 
defect in the acoustic nerve, and this can be shown by the fact that the hearing by bone 
conduction over the mastoid process remains normal or is increased. In chronic non- 
suppurative otitis media, treatment must be especially directed towards placing the nose 
and pharynx in a healthy condition ; when this has been accomplished, the aural con- 
dition often improves of itself ; if not, improvement may be induced by forcing air up the 
auditory tube by means of the Politzer hag, or directly into the orifice of the tube by means 
of a catheter. 


Internal Ear, or Labyrinth 

The internal ear or labyrinth is the essential part of the organ of hearing. 
It consists of two parts : (a) the osseous labyrinth, a series of cavities within 
the petrous part of the temporal, bone, and (6) the membranous labyrinth, a 
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series of communicating membranous sacs and ducts, contained within the 
bony cavities. 


The Osseous Labyrinth (figs. 991, 992) 

The osseous labyrinth consists of three parts the vestibule , the semi- 
circular canals, and the cochlea . These are cavities hollowed out of the 

substance of the bone, and 
lined by periosteum ; they 
contain a clear fluid, the 
perilymph, in which the 
membranous labyrinth is 
placed. 

The vestibule is the 
central part of the osseous 
labyrinth, and is situated 
medial to the tympanic 
cavity, behind the coch- 
lea, and in front of the 
semicircular canals. It is 
somewhat ovoid in shape, 
but flattened transversely ; 
it measures about 5 mm. 
from before backwards, 
the same from above 
downwards, and about 
3 mm. across. In its lateral 
or tympanic wall is the 
fenestra vestibuli, closed in the recent state by the base of the stapes and its 
annular ligament. On the front part of the medial wall is a small circular depres- 
sion, the recessus sphcericus, which lodges the saccule, and is perforated by several 
minute holes ( macula cribrosa media) for the passage of filaments of the acoustic 
nerve to the saccule. Behind this recess is an oblique ridge, the crista vestibuli , 
the anterior end of which 
is named the pyramid of 
the vestibule ; this ridge 
divides below to enclose 
a small depression, the 
fossa cochlearis, which is 
perforated by a number 
of holes for the passage of 
filaments of the acoustic 
nerve to the vestibular 
end of the ductus coch- 
learis. At the hinder 
part of the medial wall is 
the orifice of the aquce- 
ductus vestibuli. This 
aqueduct extends to 
the posterior* surface of 
the petrous portion of the 
temporal bone ; it trans- 
mits a small vein, and 
contains a tubular pro- 
longation of the mem- 
branous labyrinth, the 
ductus endolymphaticus . Above and behind the crista vestibuli, and situated 
in the roof and medial wall of the vestibule is an elliptical depression, the 
recessus ellipticus, which lodges the utricle. The pyramid and adjoining part 
of the recessus ellipticus are perforated by a number of holes (macula cribrosa 
superior) ; the holes in the pyramid transmit the nerves to the utricle, and 
those in the recessus ellipticus the nerves to the ampullae of the superior 
and lateral semicircular ducts. At the posterior part of the vestibule there are 


Fig. 992. — The interior of the right osseous labyrinth. 
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Fig. 991. — The right osseous labyrinth. Lateral aspect. 
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the five orifices of the semicircular canals ; at the anterior part is an elliptical 
opening leading into the scala vestibuli of the cochlea . 

The bony semicircular canals are three in number, superior, posterior 
and lateral, and are situated above and behind the vestibule. They are com- 
pressed from side to side, and each describes about two-thirds of a circle They 
are unequal in length, but are about 0*8 mm. in diameter and each presents a 
dilatation at one end, called the ampulla , the diameter of which is nearly twice 
that- of the canal. They open into the vestibule by five orifices, one of which 
is common to two of the canals. 

The superior semicircular canal , 15 to 20 mm. in length , is vertical in direction, 
and is placed transversely to the long axis of the petrous portion of the temporal 
bone, on the anterior surface of which its arch forms a round projection. Its 
antero -lateral end is ampullated, and opens into the upper and lateral part of 
the vestibule ; the opposite end unites with the upper end of the posterior 
canal to form the crus commune , which is about 4 mm. long, and opens into the 
medial part of the vestibule. 

The posterior semicircular canal , also vertical, is directed backwards, nearly 
parallel to the posterior surface of the petrous bone ; it is from 18 mm. to 
22 mm. long ; its ampullated end opens into the lower part of the vestibule, 
where there are several small holes (macula cribrosa inferior) for the transmission 
of the nerves to this ampulla. Its upper end opens into the crus commune. 

The lateral or horizontal canal is from 12 mm. to 15 mm. long, and its arch 
is directed horizontally backwards and lateral wards. Its anterior or ampullated 
end opens into the upper and lateral angle of the vestibule, just above the 
fenestra vestibuli and close to the ampullated end of the superior canal ; its 
posterior end opens below the orifice of the crus commune. 

The lateral semicircular canal of one ear is in the same plane as that of 
the other ear; while the superior canal of one ear is in a plane parallel with that 
of the posterior canal of the other ear. 

The cochlea (figs. 992, 993) bears a resemblance to the shell of the common 
snail ; it forms the anterior part of the labyrinth, is conical in form, and placed 
in front of the vestibule ; it measures about 5 mm. from base to apex, and 
its breadth across the base is about 9 mm. Its apex ( cupula ) is directed 
forwards and lateral wards, with a slight inclination downwards, towards the 
upper and front part of the labyrinthic wall of the tympanic cavity ; its base 
corresponds with the bottom of the internal acoustic meatus, and is perforated 
by numerous apertures for the passage of the cochlear nerve. The cochlea * 
consists of a conical- shaped central axis, the modiolus ; of a canal, wound 
spirally around the central axis for two turns and three-quarters ; and of 
a delicate lamina, the osseous spiral lamina , which projects from the modiolus 
into the canal, and partially subdivides it. In the recent state the subdivision 
of the canal is completed by the basilar membrane which stretches from the 
free border of the osseous spiral lamina to the outer wall of the bony cochlea ; 
the two passages into which the cochlear canal is thus divided communicate 
with each other at the apex of the modiolus by a small opening, named the 
helicotrema. 

The modiolus is the conical central axis or pillar of the cochlea. Its base 
is broad, and appears at the bottom of the internal acoustic meatus, where it 
corresponds with the tractus spiralis foraminosus which is perforated by numerous 
orifices, for the transmission of the branches of the cochlear nerve ; the nerves 
for the first turn and a half of the cochlea pass through the foramina of the 
tractus spiralis foraminosus ; those for the apical turn, through the foramen 
central©. The canals of the tractus spiralis foraminosus pass up through the 
modiolus and successively bend outwards to reach the attached margin of the 
osseous spiral lamina. Here they become enlarged, and by their apposition 
form the spiral canal of the modiolus , which follows the course of the attached 
margin of the osseous spiral lamina and lodges the spiral ganglion (ganglion of 
Corti). The foramen centrale is continued into a canal which runs up the 
middle of the modiolus to its apex. The modiolus diminishes rapidly in size 
in the second and succeeding coil. 

The bony canal of the cochlea takes two turns and three-quarters round the 
modiolus. It is about 30 mm. long, and diminishes gradually in diameter 

* In the description which follows, the cochlea is supposed to be resting on its base. 
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orbital margin p. 240). Deep to this attachment is that of the lateral palpebral ligament 
which fixes the tarsal plates to the same tubercle. When traced medially the aponeurosis 
loses its tendinous nature as it passes over and comes into close contact with the reflected 
tendon of the Obliquus superior, whence it can be followed with difficulty towards the 
medial palpebral ligament in the form of loose strands of connective tissue. When the 


Fig. 967. — A diagram of the Levator palpebree superioris, showing its connexions. 
( From WhitnalPs “ Anatomy of the human orbit ” ; Oxford Medical Publications.) 



A, Superficial lamella of aponeurosis ; M. Deep lamella (Miiller’s muscle) ; P, Pretarsal space ; 
1\ Tarsus; Orbital septum. 


Levator palpebrse contracts the upper eyelid is raised, but the lateral and medial parts of 
the aponeurosis are stretched and limit the action of the muscle ; the elevation of the 
upper eyelid is checked also by the orbital septum. 

The four Recti (figs. 96S, 969) arise from the annulus tendineus communis, 
a fibrous ring which, surrounds the upper, medial," and lower margins of the 


Fig. 968.— The muscles of the right orbit. Lateral aspect. 



optic foramen (fig. 969) ; it is completed by a tendinous band which bridges 
the lower and medial part of the superior orbital fissure and is attached to a 
tubercle on the margin of the great wing of the sphenoidal bone. The ring is 
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perilymph, a fluid identical in composition, and confluent with, the cerebro- 
spinal fluid. The part of the petrous bone which immediately surrounds the 
labyrinth is developed from the cartilaginous ear-capsule ; it is denser than 
the rest of the petrous bone, and exhibits interglobular spaces, which contain 
cartilage cells (fig. 997). The modiolus of the cochlea, on the other hand, is 
formed of spongy membrane-bone (Eraser and Dickie *). A tubular process 
of the lining membrane is prolonged through the aqmeductus cochleae to the 
inner surface of the dura mater. 


The Membranous Labyrinth (figs. 994, 995, 996) 


The membranous labyrinth is lodged within the bony labyrinth ; it is 
filled with fluid named endolymph , and in its walls the branches of the acoustic 
nerve are distributed. It consists of : (a) two small sacs, the utricle and saccule , 
lodged in the vestibule ; ( b ) three semicircular ducts , enclosed within the semi- 
circular canals ; and (c) the ductus cochlearis , contained within the bony cochlea. 
The various parts of the 


membranous labyrinth 
form a closed system of 
channels which, however, 


Fig. 994. — A schematic representation of the membranous 
labyrinth. (J. K. Milne Dickie.) 


communicate freely with 
one another ; the semi- 
circular ducts open into 
the utricle, the utricle 
into the saccule through 
the ductus endolympha- 
ticus, and the saccule 
into the ductus cochlearis 
through the canalis re- 
unions of Hensen. 

The membranous laby- 
rinth is fixed at certain 
points to the wall of 
the bony labyrinth, but 
is separated from the 
greater part of the bony 
labyrinth by a space 
which contains the peri- 
lymph. The perilym- 
phatic space of the 



vestibule communicates , 

behind with that of the semicircular canals, and opens anteriorly into the scala 
vestibuli of the cochlea, which in turn opens into the scala tympam through 
the helicotrema, at the apex of the cochlea. The scala tympani is separated 
from the tympanic cavity by the secondary tympanic membrane, but is con- 
tinuous with the subarachnoid cavity through the aquaeductus cochleae. 

The utricle, the larger of the two vestibular sacs, is irregularly oblong m 
shape, and occupies the upper and posterior part of the vestibule, lying m 
contact with the recessus eflipticus and the part below it. That portion which 
is lodged in the recessus ellipticus forms a sort of pouch or cul-de-sac ; the 
lateral half of the floor of this is thickened, and forms the macula acushca 
utriculi , which receives the utricular filaments of the acoustic nerve, lhe 
ampullae of the superior and lateral semicircular ducts open into the lateral 
part of the utricle, while the ampulla of the posterior duct, the crus commune, 
and the posterior end of the lateral duct open into the medial part of the 
utricle. The posterior end of the lateral duct widens into a flattened cone 
which joins the medial end of the utricle at a right angle (Milne^ Dickie y). 
JYom its anteromedial part a fine canal, the ductus utriculosacculans, is given 
off, and opens into the ductus endolymphatieus. 


* J. S. Fraser and J. K. Milne Dickie, Journal of Anatomy and Physiology, vol. xlix. 
t J. K. Milne Dickie, Journal of Laryngology, Rhinology and Otology, vol. xxxv. 
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The saccule lies in the recessus sphsericus near the opening of the scala 
vestibuli of the cochlea. When seen from the front it presents a nearly globular 
form, but it is prolonged backwards in the form of a cone, the upper surface 
of which is in contact with the under surface of the utricle, and utricle and saccule 
have here a common wall (Milne Dickie *). On its anterior wall is an oval 
thickening, the macula acustica sacculi (fig. 998), to which the saccular filaments 
of the acoustic nerve are distributed. Its cavity communicates indirectly 
through a Y-shaped tube with that of the utricle. From its posterior 
part a duct, the ductus endolymphaticus , is given off, and is joined by the 
ductus utriculosaccularis ; the ductus endolymphaticus passes inwards and 
then downwards along the aquaeductus vestibuli and ends in a blind pouch 


Fig. 995. — The right membranous labyrinth of a fifth-month human embryo, x 10. 
Anterolateral aspect. (G. Retzius.) 



(saccus endolymphaticus) under the dura mater on the posterior surface of 
the petrous portion of the temporal bone. From the low r er part of the saccule 
a short tube, the canalis reuniens of Hensen, passes downwards and gradually 
widens into the vestibular or lower end of the ductus cochlearis (fig. 994). 

The semicircular ducts (fig. 997) are about one-fourth of the diameter of 
the osseous semicircular canals, but are similar to them in shape and general 
form. Each has an ampulla at one end, viz. : the end which lies within the 
ampulla of the corresponding bony canal. The semicircular ducts open by five 
orifices into the utricle, one opening being common to the medial end of the 
superior and the upper end of the posterior duct. In each of the ampullae the 
wall is_thiekened, and projects into the cavity as a transverse elevation shaped 
somewhat like the figure 8, and named the septum iransversum ; the most 
prominent part of this septum is termed the crista ampullaris. 

The utricle, saccule, and semicircular ducts are held in position by fibrous 
bands which stretch across the perilymphatic space to the bony walls. 

Structure (fig. 997). The walls of the utricle, saccule, and semicircular ducts 
consist ot three layers. The outer layer is composed of ordinary fibrous tissue- 
containing blood-vessels and some pigment-cells. The middle layer , thicker and 
more transparent, is named the tunica propria , and presents on its internal surface,, 
especially in the semicircular ducts (fig. 997), numerous papilliform projections,. 

* hoc. eit. 
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which, on the addition of acetic acid, exhibit an appearance of longitudinal fibrillation. 
The inner layer is formed of polygonal nucleated epithelial cells. In the maculae 
of the utricle and saccule (fig. 998), and in the cristae arnpullares of the semicircular 
ducts, the middle coat is thickened and the epithelium is columnar, and consists 
of supporting cells and hair-cells. The supporting cells are fusiform, and their 
deep ends are attached to the tunica propria, while their free extremities are united 
to form a thin cuticle. The hair-cells are flask-shaped, and their deep, rounded 
ends do not reach the tunica propria, hut lie between the supporting cells. The 
deep part of each hair-cell contains a large nucleus, while its more superficial part 
is granular and . pigmented. The free end of the cell is surmounted by a 
long, tapering, hair-like filament, which projects into the cavity. The filaments 


Fig. 996. — The right membranous labyrinth of a fifth-month human embryo, x 10. 
Posteromedial aspect. (G. Retzius.) 



of the vestibular nerve, having pierced the tunica propria, lose their medullary 
sheaths, and their axis-cylinders split up into fine fibrils which end between the 
hair-cells. 

Two small rounded bodies termed otoconia , consisting of crystals of carbonate 
of lime, are suspended in the endolymph in contact with the free ends of the hairs 
projecting from the maculae. 

A ridge, named the crista quarta , projects into the posterior end of the lateral 
duct ; nerves have been traced to this crista, which is present in most mammals, 
hut exists only in a rudimentary condition in the higher vertebrates. 

The ductus cochlearis or scala media consists of a spirally arranged tube 
enclosed in the bony canal of the cochlea and lying along its outer wall. 

As already stated (p. 1038) the osseous spiral lamina extends only part 
of the distance between the modiolus and the outer “wall of the cochlea, while 
the basilar membrane stretches from the free edge of the lamina to the outer 
wall of the cochlea, and completes the roof of the scala tympani. A second 
and more delicate membrane, the vestibular membrane (. Reissneri ) extends- 
from the thickened periosteum covering the osseous spiral lamina to the outer 
wall of the cochlea, where it is attached at some distance above the outer 
edge of the basilar membrane. A canal is thus shut off between the scala 
tympani below and the scala vestibuli above ; this is the ductus cochlearis 
or scala media (figs. 999, 1000). It is triangular on transverse section, its roof 
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"being formed by the vestibular membrane, its outer wall by the periosteum 
lining the bony canal, and its floor by the membrana basilaris and the outer 
part of the osseous spiral lamina. The upper extremity of the ductus cochlearis 
is closed, and is named the lagcena ; it is attached to the cupula cochleae. The 


Fig. 997. — A transverse section through the right posterior semicircular canal 
and duct of an adult man. x 51. (J. K. Milne Dickie.) 


Semicircular duct 
{containing endolymph) 



lower end turns medialwards, and narrows into the canalis reuniens of Hensen, 
through which it communicates with the saccule (fig. 994). On the membrana 
basilaris is situated the spiral organ of Corti. The vestibular membrane is thin 
and homogeneous, and is covered on its upper and under surfaces by a layer of 
flattened epithelium. The periosteum forming the outer wall of the ductus 
cochlearis is greatly thickened and altered in character. It projects inwards 
inferiorly as a triangular prominence, the crista basilaris , to which the outer 
edge of the basilar membrane is fixed ; immediately above this is a concavity, 

the sulcus spiralis externus, above 
which the periosteum contains 
numerous blood-vessels, and 
is termed the stria vascularis. 

The osseous spiral lamina 
consists of two plates of bone, 
and between these are the 
canals for the transmission of 
the filaments of the acoustic 
nerve. On the upper plate of 
that part of the lamina which 
is contained within the ductus 
cochlearis the periosteum is 
. . thickened to form the limbus 

lammce spiralis (fig. 1001) ; this ends externally in a concavity, the sulcus 
spiralis internus , which presents, on section, the form of the letter C ; the upper 
part formed by the overhanging edge of the limbus, is named the vestibular 
hp ; the lower part, prolonged and tapering, is called the tympanic lip , and is 


Fig. 998. — A transverse section of the macula 
acustica sacculi. (Retzius.) 


Hair-cells 
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perforated by numerous foramina for the passage of the branches of the 
cochlear nerve. The upper surface of the vestibular lip is intersected at right 
angles by a number of furrows, between which are numerous elevations ; these 
present the appearance of teeth on the free surface and margin of the lip, and 


Fig. 999. — A longitudinal section through the cochlea. Diagrammatic. 



were named by Huschke the auditory teeth (fig. 1001). The limbus is covered 
by a layer of what appears to be squamous epithelium, but only the cells 
covering the teeth are flattened, those in the furrows being columnar, and 
occupying the intervals between the elevations. This epithelium is continuous 
on the one hand with that fining the sulcus spiralis intemus, and on the other 
with that covering the under surface of the vestibular membrane. 


Fig. 1000. — A transverse section through the middle coil of the ductus cochlearis. 

(Retzius.) 



The basilar membrane. — The basilar membrane stretches from the 
tympanic Kp of the osseous spiral lamina to the crista basilaris. Its inner 
part is ttm l and is named the zona arcuata ; it supports the spiral organ of 
Corti ; the outer part is thicker and striated, and is termed the zone i pectinata. 
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7. The layer of rods and cones . — The elements composing this layer are of two 
kinds, rods and cones, the former being much more numerous than the latter except 
in the macula lutea. The rods are cylindrical, of nearly uniform thickness, and are 
arranged perpendicularly to the surface. Each rod consists of two segments, an 
outer and an inner, of about equal lengths. The segments differ from each other as 
regards refraction and in their behaviour towards colouring reagents ; the inner 
segment is stained by carmine, iodine, &e. ; the outer segment is not stained by 
these reagents, but is coloured yellowish-brown by osmic acid. The outer segment 
is marked by transverse striae, and tends to break up into a number of thin super- 
imposed discs ; it also exhibits faint longitudinal markings. The inner part of 
the inner segment is indistinctly granular ; the outer part is longitudinally striated, 
being composed of fine, highly refracting fibrils. The visual purple or rhodopsin 
is found only in the outer segments of the rods. 

The cones are conical, their broad ends resting upon the membrana limitans 
externa, the pointed extremities being turned to the chorioid. Like the rods, 
each is made up of two segments, outer and inner ; the outer segment is a short 
conical process, which, like the outer segment of a rod, exhibits transverse striae. 
The inner segment resembles the inner segment of a rod in structure, presenting 
an outer striated and an inner granular part, but differs from it in size and shape, 
being flask-shaped. The optical characters of the two portions are identical 
with those of the rods. 

Supporting framework of the retina . — The nervous layers of the retina are con- 
nected together by a supporting framework, formed by the sustentacular fibres 
of Milller ; these fibres pass through all the nervous layers, except that of the rods 
and cones. Each fibre begins on the inner surface of the retina by an expanded, 
often forked, base, which sometimes contains a spheroidal body, staining deeply 
with hsematoxylin ; the edges of the bases of adjoining fibres are united to form 
the membrana limitans interna. As the sustentacular fibres pass through the 
stratum opticum and the ganglionic layer they send off a few lateral branches ; in 
the inner nuclear layer they give off numerous lateral processes for the support 
of the bipolar cells, while in the outer nuclear layer they form a network and 
unite to form the membrana limitans externa at the bases of the rods and cones. 
At the level of the inner nuclear layer each sustentacular fibre contains a clear 
oval nucleus. 

Structure of the macula lutea and fovea centralis. — At the fovea centralis there 
are no rods, and the cones are longer and thinner than in other parts of the retina. 
The nerve-fibre layer disappears at the margin of the fovea, and the other retinal 
layers are extremely thin. The pigment-cells are large and well-marked. At the 
circumference of the fovea the retina rapidly increases in thickness, so that this 
part of the macula lutea has a greater depth than any other part of the retina. 
All the layers are involved in this increase, but especially the ganglionic layer, 
in which the cells are six to eight deep. The yellow colour of the macula seems 
to imbue all the layers except that of the rods and cones ; it is deepest towards the 
centre of the macula, and does not appear to be due to pigment-cells, but simply 
to a staining of the constituent parts. 

At the ora serrata the nervous layers of the retina end abruptly, and the retina 
is continued onwards as a single layer of columnar cells along with the pigmented 
layer. This double layer is known as the pars ciliaris retince, and can be traced 
forwards from the ciliary processes on to the back of the iris, where it is termed 
the pars iridica retince or uvea (p. 1002). 

The arteria centralis retince (fig. 958) and its accompanying vein pierce the lower and 
medial aspect of the cptic nerve, and enter the bulb of the eye at the centre of the optic 
disc. The artery immediately bifurcates into an upper and a lower branch, and each of 
these again divides into a medial or nasal and a lateral or temporal branch, which at first, 
run between the hyaloid membrane and the nervous layer; but they soon enter the latter , 
and pass forwards, dividing dichotomously. From these branches a minute capillary 
plexus is given off, which does not extend beyond the inner nuclear layer. The macula 
receives two small branches (superior and inferior macular arteries) from the temporal 
branches, and small twigs directly from the central artery; these do not, however, reach 
as far as the fovea centralis, which has no blood-vessels. The branches of the arteria 
centralis retinae do not anastomose with each other — in other words, they are terminal 
arteries. In the foetus, a small vessel, the arteria hyaloidea, passes forwards as a con- 
tinuation of the arteria centralis retinae through the vitreous humour to the posterior 
surface of the capsule of the lens. 
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th e outer rod. The head-plate, or portion overhanging the concavitv, overlaps 
the head-plate of the outer rod. 1 

, ou } er r °dp ne . arl y 4000 in number, are longer and more obliquely set 
than the inner, forming with the basilar membrane an angle of about" 40° 
Their heads are convex internally ; they fit into the concavities on the heads 
■of the inner rods, and are continued outwards as thin flattened plates, termed 
phalangeal processes which unite with the phalangeal processes of Deiters’ 
cells to form the reticular membrane. 

The distances between the bases of the inner and outer rods increase 
from the base to the apex of the cochlea, while the angles between the rods 
and the basilar membrane diminish. 

Hair-cells.^ — The hair-cells are short columnar cells ; their free ends are 
on a level with the heads of Oorti’s rods, and each is surmounted by about 


Fig. 1002.— A transverse section through the spiral organ of Corti, Magnified 

(G. Betzius.) 



twenty hair-like processes arranged in the form of a crescent with its concavity 
directed inwards. The deep ends of the ceils reach about halfway alon^ 
Corti 5 s rods, and each contains a large nucleus ; in contact with the deep 
ends of the hair-cells are the terminal filaments of the cochlear nerve. The 
inner hair-cells, about 3500 in number, are arranged in a single row 7 on the 
medial (axial) side of the inner rods, and, their diameters being greater than 
those of the rods, each is supported by more than one rod. The free ends of 
the inner hair-cells are encircled by a cuticular membrane which is fixed to the 
heads of the inner rods. Adjoining the inner hair-cells are one or two row’s 
of columnar supporting cells, which, in turn, are continuous with the cubical 
cells fining the sulcus spiralis internus. The outer hair-cells number about 
12,000, and are nearly twice as long as the inner. In the basal coil of the 
cochlea they are arranged in three regular rows ; in the apical coil, in four some- 
what irregular rows. 

Between the row r s of the outer hair-cells are row’s of supporting cells, called 
the cells of Deiters ; their expanded bases are planted on the basilar membrane 
while the opposite end of each |>resents a clubbed extremity or phalangeal 
process. Immediately to the outer side of Deiters 5 cells are five or six row’s 
•of columnar cells, the supporting cells of Hensm. Their bases are narrow 7 
while their upper parts are expanded and form a rounded elevation on the 
floor of the ductus cochlearis. The columnar cells lying outside HenseiTs 
cells are termed the cells of Claudius . A space exists between the outer rods 
of Corti and the adjacent hair-cells ; this is called the space of Nuel. 

The reticular lamina (fig. 1003) is a delicate framework perforated by circular 
holes which are occupied by the free ends of the outer hair-cells. It extends 
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from the heads of the outer rods of Corti to the external row of the outer hair- 
cells, and is formed by several rows of minute fiddle-shaped cuticular structures, 
called phalanges, between which are circular apertures containing the free 
ends of the hair-cells. The innermost row of phalanges consists of the phalan- 
geal processes of the outer rods of Corti ; the outer rows are formed by the 
modified free ends of Deiters 5 cells. 

The tectorial membrane overlies the sulcus spiralis internus and the spiral 
organ of Corti. It is wider and thicker in the apical than in the basal part 
of the cochlea. Its inner part is thin and is attached to the vestibular lip 
of the limbus laminae spiralis, the attachment reaching as far as the vestibular 
membrane. The outer part is thick and padlike, the thickness being greatest 
over, or slightly to the inner side of, the upper ends of Corti’s rods. Retzius 


Fig. 1003. — The reticular lamina and subjacent structures. Schematic. 

(Testut.) 



A. Inner rod of Corti, with a, its head. B. O’.i+er red (in yellow), c. Tunnel of Corti. d. Basilar 
membrane. E. Inner hair-cells. 1, 1\ Truerr.al external borders of the reticular lamina. 
2, 2', 2". The three rows of circular holes (in blue). 3. First row of phalanges (in yellow). 4, 4', 4". 
Second, third, ar.d fourth row?, of phalanges (in red). 6, 6', 6". The three rows of outer hair-cellst(in 
blue). 7, T. 7". ('• !!.«■ o: Dei-t r.:. 8. Cells of Hensen and Claudius. 


described the outer edge as being attached to the outer row of Deiters" cells, 
while others maintain that it forms a ragged or frayed margin. Hardesty,* 
who has examined the membrane in the pig, states that this edge is free and 
bluntly rounded, but finely and irregularly scalloped. The hairs of the hair- 
cells project into the under surface of the membrane, and on this surface, 
opposite the interval between the inner and outer rows of hair-cells, is a band, 
named Hensen" s stripe. 

Hardesty has shown that the membrane “ consists of multitudes of delicate fibrils 
embedded in a transparent matrix of a soft, collagenous, semi-solid character with marked 
adhesiveness.” The prevailing course of the fibres is obliquely transverse, slanting from 
the vestibular lip towards the apex of the cochlea. The fibres pass in curves from the 
vestibular lip and upper surface of the membrane to its under surface, where by their 
interlacement they produce the appearance known as Hensen *s stripe. He also describes 
a thin, exceedingly delicate accessory tectorial membrane , lying along the under surface 
of the outer zone of the main membrane, and lightly attached to the latter by its outer 
edge. 

The acoustic nerve, or nerve of hearing, divides near the bottom of the 
internal acoustic meatus into an anterior or cochlear, and a posterior or 
vestibular portion. The deep connexions of these nerves are described on 
pp. 913 to 915. 

* Irving Hardesty, American Journal of Anatomy, voL vih. 
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The vestibular nerve supplies the utricle, the saccule, and the ampullae of 
the semicircular ducts. On the trunk of the nerve, within the internal acoustic 
meatus, is the vestibular ganglion (ganglion of Scarpa), from the bipolar nerve-cells 
of which the fibres of the nerve take origin. On the distal side of the ganglion 
the nerve splits into a superior, an inferior, and a posterior branch.* The 
filaments of the superior branch are transmitted through the foramina in the 


Fig. 1004. — A diagrammatic view of the lateral end of the right internal 
acoustic meatus. (Testut.) 
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area vestibularis superior, and end in the macula of the utricle and in the cristas 
ampullares of the superior and lateral semicircular ducts ; those of the inferior 
branch traverse the foramina in the area vestibularis inferior, and end in the 
macula of the saccule. The posterior branch runs through the foramen singulare 
at the postero -inferior part of the bottom of the meatus and divides into fila- 
ments for the supply of the crista ampullaris of the posterior semicircular duct 

(fig. 1004). # , 

The cochlear nerve , the nerve of hearing, divides into numerous filaments 
at the base of the modiolus ; those for the basal and middle coils pass through 
the fora min a in the tractus spiralis foraminosus, those for the apical coil 
through the canalis centralis, and 

the nerves bend outwards and pass Fig. 1005. — Part of the cochlear division of the 

between the lamelke of the osseous acoustic nerve. Highly magnified. (Henie.) 
spiral lamina. Occupying the 
spiral canal of the modiolus is 
the spiral ganglion of the cochlea 
(ganglion of Corti) (fig. 1005), 
consisting of bipolar nerve-cells 
from which the fibres of the nerve 
take origin. Reaching the outer 
edge of the osseous spiral lamina, 
the nerve-fibres pass through the 
foramina in the tympanic lip ; 
some end by arborising around 
the deep ends of the inner hair- 
cells, while others pass between 
Cortfs rods and across Corti s 

tunnel, and end in a similar manner in relation to the outer hair-cells. The 
hair-cells in the basal and middle coils are more richly supplied with nerves 
than the hair- cells in the apical coil. The cochlear nerve gives off a vestibular 
branch to supply the vestibular end of the ductus coehlearis ; the filaments 
of this branch traverse the foramina in the fossa cochlearis (p. lOdb). 

* The nerve sometimes splits on the proximal side of the ganglion, which is then divided 
into three parts, one on each branch of the nerve. When this occurs the ganglion of the posterior 
division is placed in the foramen singulare. 
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Vessels. The arteries of the labyrinth are the internal auditory branch of the basilar 
artery, and the stylomastoid branch of the posterior auricular artery. The internal 
auditory artery divides at the bottom of the internal acoustic meatus into two branches : 
cochlear and vestibular. The cochlear branch subdivides into twelve or fourteen twigs, 
which traverse the canals in the modiolus, and are distributed, in the form of a capillary 
network, in the lamina spiralis and basilar membrane. The vestibular branches are 
distributed to the utricle, saccule, and semicircular ducts. 

The veins of the vestibule and semicircular canals accompany the arteries, and, 
receiving the veins of the cochlea at the base of the modiolus, unite to form the internal 
auditory veins which end in the posterior part of the superior petrosal sinus or in the 
transverse sinus. A small vein, from the basal turn of the cochlea, traverses the aquse- 
ductus cochleae and joins the internal jugular vein. 

Applied Anatomy . — The diseased conditions which may be found in the internal ear 
usually result from the spread of a suppurative process from the middle ear — thus in 
chronic suppuration of the latter, destruction of the internal ear may take place, with 
necrosis of parts of the cochlea or vestibule. Such cases will be associated with ‘ nerve- 
deafness,’ and the disease may spread by means of the sheaths of the facial and acoustic 
nerves into the posterior fossa of the skull. 

Haemorrhage occasionally occurs into the labyrinth in certain blood disorders, result- 
ing in complete 4 nerve-deafness,’ and such conditions may be associated with symptoms 
known as ‘Meniere’s disease,’ vertigo, giddiness, and tinnitus. Nerve-deafness is 
diagnosed when all ‘ bone-conduction’ of sound is lost, and is most commonly seen in 
patients suffering from congenital syphilis, many deaf-mutes being the subjects of this 
condition. It is also not rare after mumps. 


THE PERIPHERAL TERMINATIONS OF THE NERVES OF 
GENERAL SENSATIONS 

The peripheral terminations of the nerves associated with general sensations 
(i.e. the muscular sense and the senses of heat, cold, pain, and pressure) are widely 
distributed throughout the body. These nerves may end (a) as free fibrils amongst 
the tissue elements, or (b) in special end-organs where the terminal nerve-filaments 
are enclosed in capsules. 

Free nerve-endings occur chiefly in the epidermis and in the epithelium covering 
certain mucous membranes ; they occur in the stratified squamous epithelium 
of the cornea, in the root-sheaths and papillae of the hairs, and around the bodies 
of the sudoriferous glands. 

When the nerve-fibre approaches its termination, the medullary sheath suddenly 
disappears, leaving the axis-cylinder surrounded by the neurolemma. After a 
time the fibre loses its neurolemma, and consists only of an axis-cylinder, which 
can be seen, in preparations stained with chloride of gold, to be made up of fine 
varicose fibrillse. Finally, the axis-cylinder breaks up into its constituent fibrillse, 
which often present regular varicosities, and anastomosing with one another, end 
in small knobs or discs between the epithelial cells. 

Peripheral pain end-organs consist of the free arborisations of naked axis- 
cylinders ; end-organs other than those of pain are enveloped by capsules. 

The special end-organs exhibit great variety in size and shape, but have one 
feature in common, viz. the terminal fibrils of the nerve are enveloped by a capsule. 
Included in this group are the end-bulbs of Krause ; the corpuscles of Grandry, 
of Pacini, of Herbst, of Golgi and Mazzoni, of Wagner and Meissner; and the 
neurotendinous and neuromuscular spindles. 

The end-bulbs of Krause (fig. 1006) are minute cylindrical or oval bodies, consist- 
ing of a capsule of connective tissue enveloping a soft semi-fluid core in which the 
axis-cylinder terminates either in a bulbous extremity or in a coiled-up plexiform 
mass. End-bulbs are found in the conjunctiva of the eye (where they are spheroidal 
in shape in man, but cylindrical in most other animals), in the mucous membrane 
of the lips and. tongue, and in the epineurium of nerve-trunks. They are also 
found in the penis and clitoris, and have there received the name of genital corpuscles ; 
in these situations they have a mulberry-like appearance, being constricted by 
connective tissue, septa into from two to" six knob-like masses. In the synovial 
strata of certain joints (e.g. those of the fingers), rounded or oval end-bulbs occur, 
and are designated articular end-bulbs . 
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The tactile corpuscles of Grandry (fig. 1007a) occur in the papilla) of the beaks 
and tongues of ducks and geese. Each has a capsule composed of a delicate. 

Fig. 1006.— An end-bulb of Krause. (From Fig. 1007.— Tactile corpuscles; (a) of 

Klein’s Elements of Histology.) Grandry, (6) of Herbst-.' 



b 


nucleated membrane, within which are two or more granular, somewhat flattened 
cells between which the axis-cylinder ends in flattened discs. 

The Pacinian corpuscles (fig. 1008) are found in the subcutaneous tissue on the 
nerves of the palm of the hand and sole of 

the foot, and in the genital organs of both p IG . 1008. — A Pacinian corpuscle, with 
sexes ; they also occur on the nerves of the its system of capsules and its cen- 
joints, and in some other situations, as in the tr&! cavity. 


mesentery and pancreas of the cat and along 
the tibia of the rabbit. Each of these cor- 
puscles is attached to and encloses the 
termination of a single nerve-fibre. The 
corpuscle (which is visible to the naked eye 
and can be most easily demonstrated in the 
mesentery of a cat) consists of a number 
of concentric lamellae or capsules arranged 
around a central space, in which the nerve- 
fibre is contained. Each lamella is composed 
of bundles of fine connective tissue fibres, 
and is lined on its inner surface by a single 
layer of flattened cells. The central space 
is elongated or cylindrical in shape, and 
filled with a transparent core, in the middle 
of which the axis-cylinder traverses the 
space to near its distal extremity, where it 
ends in one or more small knobs. Todd 
and Bowman have described minute arteries 
as entering by the sides of the nerves, and 
forming capillary loops in the intercapsular 
spaces, and even penetrating into the central 
space. 

Herbst has described a nerve-ending 
somewhat similar to the Pacinian corpuscle, 
in the mucous membrane of the tongue of 



the duck, and in some other situations. It 
differs, however, from the Pacinian cor- 
puscle in being smaller, in its capsules 
being more closely approximated, and 
especially in the fact that the axis-cylinder 


a. Arterial twig, ending in capillaries, which 
form loops in some of the intercapsular spaces ; 
one penetrates to the central capsule, b. The 
fibrous tissue of the stalk. n. Nerve -fibre 
advancing to the central capsule, there losing 
its medullary sheath, and passing along the core 
to the opposite end, where it terminates in a 
tuberculated enlargement. 



1050' ORGANS OF THE SENSES AND COMMON INTEGUMENT 


in the central clear space is coated with a continuous row of nuclei. These nerve- 
endings are known as the corpuscles of Herbst (fig. 10076). 

The corpuscles of Golgi and Mazzoni are found in the subcutaneous tissue of 
the pulp of the fingers. They differ from Pacinian corpuscles in that their capsules 
are thinner, their contained cores thicker, and in the latter the axis-cylinders ramify 
more extensively and end in flat expansions. 

The tactile corpuscles of Wagner and Meissner (fig. 1009) are oval-shaped bodies 
which occur in the papillae of the corium of the hand and foot, the front of the 

forearm, the skin of the lips, the 


Pin. 1009. — A papilla of the hand, containing 
a tactile corpuscle of Wagner and Meis- 
sner. x 350. 



A. Side view of a papilla, a. Capsule, b. Tactile 
corpuscle, c . Small nerve of the papilla, with neuro- 
lemma. d. Its two nerve -fibres running with spiral coils 
round the tactile corpuscle e. Apparent termination 
of one of these fibres. B. Transverse section of a 
tactile papilla, a. Capsule, b. Nerve-fibre, c. Outer 
layer of the tactile corpuscle, with nuclei, d. Clear 
internal substance. 


mucous membrane of the tip of the 
tongue, the palpebral conjunctiva, and 
the skin of the mammary papilla. 
Each is enveloped by a connective 
tissue capsule, which sends membran- 
ous septa into the interior. The axis- 
cylinder passes through the capsule, 
and after making several spiral turns 
round the body of the corpuscle ends 
in small globular or pear-shaped en- 
largements. 

Corpuscles of Rujfini. — Ruffini de- 
scribed a special variety of nerve- 
ending in the subcutaneous tissue of 
the human finger (fig. 1010), and mostly 
situated at the junction of the corium 
with the subcutaneous tissue. They 
are oval in shape, and consist of strong 
connective tissue sheaths ; inside these 
the nerve-fibres divide into numerous 
branches, which show varicosities and 
end in small free knobs. 

The neurotendinous spindles or 


organs of Golgi are chiefly found near 
the junctions of tendons with muscles. Each is enclosed in a capsule which contains 
a number of enlarged tendon-fasciculi [intrafusal fasciculi). One or more nerve- 
fibres perforate the side of the capsule and lose their medullary sheaths ; the 


Fig. 1010. — A nerve-ending of Ruffini. 


Nerve-fibres 


Connective tissue sheath 



axis-cylinders subdivide and end between the tendon-fibres in irregular discs or 
varicosities (fig. 1011). 

The neuromuscular spindles are present in the majority of voluntary muscles, and 
consist of small bundles of peculiar muscular fibres [intrafusal fibres ), embryonic 
in type, invested by capsules, within which nerve-fibres, experimentally shown to be 
sensory, terminate. These neuromuscular spindles vary in length from 0*8 mm. 
to 5 mm. and have a fusiform appearance. The large medullated nerve-fibres 
passing to the end-organ are from one to three or four in number ; entering the 
fibrous capsule, they divide several times, and, losing their medullary sheaths, 
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ultimately end in naked axis-cylinders encircling the intrafusal fibres by flattened 
expansions, or irregular ovoid or rounded discs (fig. 1012). Neuromuscular spindles 


Fig. 1011. — A neuro tendinous spindle or organ of Golgi from the human 
tendo calcaneus. (After Ciaccio. ) 



have not yet been demonstrated in the muscles of the tongue, and only a few exist 
in the ocular muscles. 


Fig. 1012. — The middle third of a terminal plaque in the muscle-spindle of an 
adult eat. (After Ruffini.) 



The Common Integument 

The integ um ent or skin (fig. 1013) covers the body and protects the deeper tissues. 
It contains the peripheral endings of many of the sensory nerves, plays an important 
part in the regulation of the body temperature, and possesses limited excretory 
and absorbing powers. It consists principally of a layer of vascular connective 
tissue, named the corium or cutis vera , and an external covering of epithelium, 
termed the epidermis or cuticle. On the surface of the former layer are sensitive 
and vascular papillce ; and within, or beneath it, are certain organs with special 
functions : namely, the sudoriferous and sebaceous glands , and the hair follicles. 

The epidermis or cuticle is non-vascular, and consists of stratified epithelium 
(fig. 1011). It varies in thickness in different parts. In some situations, as in the palms 
of the hands and soles of the feet, it is thick, hard, and horny in texture. This may 
be in a measure due to the fact that these parts are exposed to intermittent pressure, 
but that this is not the only cause is proved by the fact that the condition exists 
to a very considerable extent at birth. The more superficial layers of cells form 
the horny layer {stratum corneum), which may be separated by maceration from a 
deeper stratum, the stratum mucosum , consisting of several layers of differently 
shaped cells. The free surface of the epidermis is marked by a network of linear 
furrows of variable size, dividing the surface into a number of polygonal or lozenge- 
shaped areas. These furrows are large opposite the flexures of the joints, and 
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correspond with the folds in the corium produced by the joint-movements. In other 
situations, as upon the back of the hand, they are small, and intersect one another 
at various angles. Upon the palmar surfaces of the hands and fingers, and upon 
the soles of the feet, these lines are fine but very distinct, and are disposed in more 
or less parallel curves ; they depend upon the large size and peculiar arrangement 
of the papillse upon which the epidermis is placed. In each individual the lines on 
the tips of the fingers and thumbs form distinct patterns unlike those of any other 
person. A method of determining the identity of a criminal is based on this fact, 


Fig. 1013. — A section through the skin. Magnified. Diagrammatic. 
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impressions ( c finger-prints J ) of these lines being made on paper covered with 
soot, or on white paper after first covering the fingers with ink. The deep surface 
of the epidermis is accurately moulded upon the papillary layer of the corium, 
the papillae being covered by a basement-membrane ; so that when the epidermis 
is removed by maceration, its under surface presents a number of pits or depressions 
corresponding with the papillae, and ridges corresponding with the intervals between 
them. 

The epidermis consists of stratified epithelium which is arranged in five layers 
named from within outwards : (a) stratum germinativum, (b) stratum mucosum, 
(c) stratum granulosum, (d) stratum lucidum, and (e) stratum corneum. 

The stratum germinativum consists of a layer of columnar cells with ohlong 
nuclei. The cells are placed perpendicularly on the basement-membrane and 
attached to it by denticulated extremities. 
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The s&ratum mucosum is composed of several layers of spherical or polyhedral 
cells, the contents of which are soft, opaque, and granular. These cells are joined 
tp one another by fine protoplasmic bridges. When the cells are isolated these 
bridges are broken and the surfaces of the cells are beset with numerous short 
thorn-like processes which give the cells a characteristic appearance and have led 
to their being named prickle-cells. The cells contain numerous fine fibrils which 
can be stained by carmine or hoematoxylin, and are continuous with those of neigh- 
bouring cells across the protoplasmic bridges. Between the bridges are minute 
lymph-channels in which lymph-corpuscles or pigment-granules may be found. 

The stratum granulosum comprises t"wo or three layers of fusiform cells which 
contain granules of eleidin , a substance readily stained by hsematoxylin or carmine, 
and probably an intermediate stage in the formation of keratin. They are supposed 
to be cells undergoing transformation from the protoplasmic cells of the stratum 
mucosum to the horny cells of the superficial layers. 


Big. 1014. — A section through the epidermis. (Ranvier.) 



The stratum lucidum appears in section as a homogeneous or dimly striated 
layer, composed of closely packed cells in which traces of flattened nuclei may 
be found, and in which the eleidin has been changed into a substance named 
Jceratohyalin. 

The stratum corneum consists of several layers of horny epithelial cells in which 
no nuclei are discernible. They are unaffected by acetic acid, and their protoplasm 
has been converted into a material, known as keratin. According to Ranvier they 
contain granules of a substance which has the characteristics of beeswax. 

The black colour of the skin in the negro and the tawny colour in some of the 
white races are due to the presence of pigment in the cells of the epidermis. This 
pigment is especially distinct in the cells of the stratum mucosum, and is similar 
to that found in the cells of the pigmentary layer of the retina. As the cells approach 
the surface and desiccate, the pigment is partially lost. 

The corium or cutis vera is tough, flexible, and highly elastic. It is very thick 
in the palms of the hands and soles of the feet ; thicker on the posterior than on 
the anterior aspect of the body, and on the lateral than on the medial sides of the 
limbs. It is exceedingly thin and delicate in the eyelids, scrotum, and penis. 

It consists of felted connective tissue, with a varying number of elastic, fibres 
and numerous blood-vessels, lymphatic vessels, and nerves. The connective tissue 
is arranged in two layers : a deeper or reticular , and a superficial or papillary. 
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Unstriped muscular fibres are found in the superficial layers of the corium wherever 
hairs are present ; they are also present in the subcutaneous areolar tissue of the 
scrotum, penis, labia rnajora, and nipples. In the nipples the fibres are disposed 
in bands, closely reticulated and arranged in superimposed laminae. 

The reticular layer consists of strong interlacing bands, composed chiefly of 
white fibrous tissue, but containing some yellow elastic fibres which vary in number 
in different parts ; the connective tissue corpuscles are often to be found flattened 
against the bundles of white fibrous tissue. Towards the attached surface the 
fasciculi are coarse, and the large areolae left by their interlacement are occupied 
by adipose tissue and sweat-glands. Below the reticular layer is the subcutaneous 
areolar tissue, which, except in a few situations, contains fat. 

The papillary layer consists of numerous highly sensitive and vascular eminences, 
the papillae , which rise perpendicularly from its surface. The papillae are minute 
conical projections, having round or blunted extremities, which may be divided 
into two or more parts, and are received into corresponding pits on the under surface 
of the cuticle. On the general surface of the body, and especially in parts endowed 
with slight sensibility, they are few in number, and exceedingly minute ; but in 
some situations, as upon the palmar surfaces of the hands and fingers, and upon 
the plantar surfaces of the feet and toes, they are large, closely aggregated together. 


Fig. 1015. — A longitudinal section through the root of a nail. 
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and arranged in parallel curved lines, forming the elevated ridges seen on the free 
surface of the epidermis. Each ridge contains two rows of papillae, and between 
the rows the ducts of the sudoriferous glands pass outwards to open on the summits 
of the ridges. Each papilla consists of very small and closely interlacing bundles 
of finely fibrillated tissue, with a few elastic fibres ; within this tissue is a capillary 
loop, and in some papillae, especially in the palms of the hands and the fingers, 
there are tactile corpuscles. 

The arteries supplying the skin form a network in the subcutaneous tissue, 
and from this network branches are distributed to the sudoriferous glands, the 
hair-follicles, and the fat. Other branches unite in a plexus immediately beneath 
the corium, and from this plexus fine capillary vessels pass into the papillae. 

The lymphatic vessels of the skin form a superficial and a deep network, which 
communicate with each other and with the lymphatic vessels of the subcutaneous 
tissue by oblique branches. 

The nerves of the skin terminate partly in the epidermis and partly in the corium ; 
their different modes of ending are described on pp. 1018 to 1050. 

The appendages of the skin are the nails, the hairs, and the sudoriferous and 
sebaceous glands. 

The nails (fig. 1015) are flattened, elastic structures of a horny texture, placed 
upon the distal parts of the dorsal surfaces of the fingers and toes. Each is 
implanted into a groove in the skin by a portion called the root ; the exposed part 
is called the body , and the distal extremity the free edge. The nail is firmly adherent 
to the corium, being accurately moulded upon its surface ; the part of the corium 
beneath the body and root of the nail is called the nail-matrix, because the nail 
is produced from it. Under the greater part of the body of the nail the matrix 
is thick, and raised into a series of longitudinal ridges which are very vascular, 
and tlm colour is seen through the transparent tissue. Near the root of the nail 
the papillae are smaller, less vascular, and have no regular arrangement, and here 
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the tissue of the nail is more opaque ; hence this portion is of a white colour, and 
is called the lunula on account of its shape. 

As the cuticle passes forwards on the dorsal surface of the finger or toe it is 
attached to the surface of the nail a little in advance of its root ; at the extremity* 
of the finger it is connected with the under surface of the nail a little behind its free 
edge. The. cuticle and the horny substance of the nail (both epidermic structures) 
are thus directly continuous with each other. The superficial, horny part of the 


Fig. 1016 . — A section through the skin, showing the epidermis and cerium, a 
hair in its follicle, the Arrector pili muscle, with sebaceous glands opening 
into the hair-follicle. 



- Stratum corneum 

■ - Stratum lucidum 
£* ~ Stratum granulosum 
F"' Stratum mucosum 
Stratum 
germinativum 


~ Arrector pili muscle 


°f hair 

//■ v ~ Zi. "“S'. *' 'r 


nail consists of a greatly thickened stratum lucidum, the stratum corneum forming 
merely the thin cuticular fold (eponychium) which overlaps the lunula ; the deeper 
part consists of the stratum mucosum. The cells in contact with the papilla of 
the nail-matrix are columnar in form and arranged perpendicularly to the surface ; 
the succeeding cells are round or polygonal, while the more superficial ones are 
thin and flat, and so closely packed as to make the limits of the cells very indistinct. 
The nails grow in length by the proliferation of the cells of the stratum mucosum 
at the root of the nail, and in thickness from that part of the stratum mucosum 
which underlies the lunula. 

The hairs are found on nearly every part of the surface of the body, but are 
absent from the palms of the hands, the soles of the feet, the dorsal surfaces of the 
terminal phalanges, the glans penis, the inner surface of the prepuce, and the inner 
surfaces of tbe labia. They vary much in length, thickness, and colour in different 
parts of the body and in different races of mankind. In some parts, as in the skin 
of the eyelids, they are so short as not to project beyond the follicles containing 
them ; in others, as upon the scalp, they are of considerable length ; the eyelashes. 



1056 ORGANS OF THE SENSES AND COMMON INTEGUMENT 


the hairs of the pubic region, and the whiskers and beard are remarkable for their 
thickness. Straight hairs are stronger than curly hairs and present on transverse 
section a cylindrical or oval outline : curly hairs, on the other hand, are fiat. 

A hair consists of a root , the part implanted in the skin ; and a shaft or scapus , 
the portion projecting from the surface. 

The root of the hair ends in an enlargement, the hair-bulb , which is whiter in 
colour and softer in texture than the shaft, and is lodged in an involution of the 
epidermis and superficial portion of the corium, called the hair-follicle (fig. 1016). 
When the hair is of considerable length the follicle extends into the subcutaneous 
tissue. The hair-follicle commences on the surface of the skin with a funnel-shaped 

opening, and passes inwards in an 
oblique or curved direction — the 
latter in curly hairs — to become 
dilated at its deep extremity, where 
it corresponds with the hair-bulb. 
Opening into the follicle, near its 
free extremity, are the ducts of one 
or more sebaceous glands. At the 
bottom of each hair-follicle is a 
small conical, vascular eminence or 
papilla, similar in every respect to 
those found upon the surface of the 
skin ; it is continuous with the 
dermic layer of the follicle, and is 
supplied with nerve-fibrils. The 
hair-follicle consists of two coats — 
an outer or dermic, and an inner or 
epidermic. 

The outer or dermic coat is 
formed mainly of fibrous tissue ; it 
is continuous with the corium, is 
highly vascular, and supplied by 
numerous minute nervous filaments. 
It consists of three layers (fig. 1017). 
The most internal is a hyaline 
basement-membrane, which is well 
marked in the larger hair-follicles, 
but is not very distinct in the 
follicles of minute hairs ; it is limited 
to the deeper part of the follicle. 
Outside this is a compact layer 
of fibres and spindle-shaped cells 
arranged circularly around the fol- 
licle ; this layer extends from the 
bottom of the follicle to the openings 
of the ducts of the sebaceous glands. Externally is a thick layer of connective 
tissue, arranged in longitudinal bundles, forming a more open texture and corre- 
sponding with the reticular part of the corium ; in this are contained the blood-vessels 
and nerves. 

The inner or epidermic coat is closely adherent to the root of the hair, and 
consists of two strata named respectively the outer and inner root-sheaths ; the outer 
root-sheath corresponds with the stratum mucosum of the epidermis, and resembles 
it in the rounded form and soft character of its cells ; at the bottom of the hair- 
follicle these cells become continuous with those of the root of the hair. The inner 
root-sheath consists of : (1) a delicate cuticle next the hair, composed of a single 
layer of imbricated scales with atrophied nuclei ; (2) one or two layers of horny, 
flattened, nucleated cells, known as Huxley's layer ; and (3) a single layer of cubical 
cells with clear flattened nuclei, called Henle's layer. 

The hair-bulb is moulded over the papilla and composed of polyhedral epithelial 
cells, which as they pass upwards into the root of the hair become elongated and 
spindle-shaped, except those in the centre, which remain polyhedral. 

The shaft of the hair consists, from within outwards, of the medulla, the cortex, 
and the cuticle. The medulla is usually absent from the fine hairs covering the 


Fig. 1017. — A transverse section through a 
hair-follicle. 
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surface of the body, and commonly from those of the head. When viewed by 
transmitted light it appears deeper in colour and more opaque than the cortex, but 
when viewed by reflected light it is white. It is composed of rows of polyhedral 
cells, with air-spaces between, and sometimes within, the cells. The cortex con- 
stitutes the chief part of the shaft ; its cells are elongated and are united to form 
flattened fusiform fibres which contain pigment-granules in dark hair, and air in 
white hair. The cuticle consists of a single layer of flat scales which overlap one 
another from below upwards. 

Connected with vise hair-ib! holes are minute bundles of involuntary muscular 
fibres, termed the Arrectores pilorum (fig. 1016). They arise from the superficial 
layer of the corium, and are inserted into the hair-follicle, below the entrance of 
the duct of the sebaceous gland. They are placed on the side towards which the 
hair slopes, and by their action diminish the obliquity of the follicle and elevate 
the hair * The sebaceous gland is situated in the angle which the Arrector muscle 
forms with the superficial portion of the hair-follicle, and contraction of the muscle 
thus tends to squeeze the sebaceous 
secretion out from the duct of the 
gland. 

The sebaceous glands (fig. 1016) are 
small, sacculated, glandular organs, 
lodged in the substance of the corium. 

They are found in most parts of the 
skin, but are especially abundant in 
the scalp and face ; they are also 
very numerous around the apertures 
of the anus, nose, mouth, and external 
ear, but are wanting in the palms of 
the hands and soles of the feet. Each 
gland consists of a single duct, more or 
less capacious, which emerges from a 
cluster of oval or flask-shaped alveoli, 
usually from two to five, but in some 
instances as many as twenty in num- 
ber. Each alveolus is composed of a 
transparent basement-membrane, en- 
closing a number of epithelial cells. 

The outer or marginal cells are small 
and polyhedral, and are continuous 
with the cells lining the duct. The 
remainder of the alveolus is filled with larger cells, containing fat, except in the 
centre, where the cells are broken up, leaving a cavity filled with their debris and 
a mass of fatty matter, which constitutes the sebum cutaneum . The ducts open 
most frequently into the hair-follicles, but occasionally upon the general surface, 
as in the labia minora and the free margins of the lips. On the nose and face the 
glands are of large size, distinctly lobulated, and often become much enlarged 
from the accumulation of pent-up secretion. The tarsal glands of the eyelids are 
elongated sebaceous glands with numerous lateral diverticula. 

The sudoriferous or sweat glands (figs. 1013, 1018) are found in almost every part 
of the skin, and are situated in small pits on the under surface of the corium, or, more 
frequently, in the subcutaneous tissue, surrounded by a quantity of adipose tissue. 
Each consists of a single tube, the deep part of which is rolled into an oval or 
spherical ball, named the body of the gland, while the superficial part, or duct, 
traverses the corium and cuticle and opens on the surface of the skin by a funnel- 
shaped aperture. In the superficial layers of the corium the duct is straight, but in 
the deeper layers it is convoluted or twisted ; where the epidermis is thick, as in the 
palms of the hands and soles of the feet, the part of the duct which passes through 
it is spirally coiled. The size of the glands varies. They are especially large in 
those regions where the amount of perspiration is great, as in the axillae, where 

* Professor A. Thomson of Oxford suggests that the contraction of these muscles on follicles 
which contain weak, flat hairs will tend to produce a permanent curve in the follicle, and this 
curve will he impressed on the hair which is moulded within it so that the hair, on emerging 
through the skin, will he curled. Curved hair-follicles are characteristic of the scalp of the 
Bushman. 

2 L 


Fig. 1018. — The body of a sudoriferous gland 
cut in various directions. (From Klein 
and Noble Smith’s Atlas of Histology.) 



ft. Longitudinal section through the proximal part of 
the coiled tube. b. Transverse section through the same. 
c. Longitudinal section through the distal part of the 
coiierl rube. >.!. Transverse section through the same. 
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they form a thin, mamillated layer of a reddish colour, which corresponds exactly 
with the situation of the hair in this region ; they are large also in the groin. Their 
number varies. They are very plentiful on the palms of the hands, and on the 
soles of the feet, where the orifices of the ducts are exceedingly regular, and open 
on the curved ridges of the epidermis ; they are least numerous in the neck and back. 
The tube, both in the body of the gland and in the duct, consists of two layers — an 
outer, of fine areolar tissue, and an inner of epithelium (fig. 1018). The outer layer 
is thin and is continuous with the superficial stratum of the corium. In the body 
of the gland the epithelium consists of a single layer of cubical cells, between the 
deep ends of which and the basement-membrane is a layer of longitudinally or 
obliquely arranged non-striped muscular fibres. The ducts are destitute of muscular 
fibres and are composed of a basement-membrane lined by two or three layers of 
polyhedral cells ; the lumen of the duct is coated by a thin cuticle. When the 
epidermis is carefully removed from the surface of the corium, the ducts may be 
drawn out in the form of short, thread-like processes on its under surface. 

The ceruminous glands of the external acoustic meatus are modified sudoriferous 
glands. 



SPLANCHNOLOGY 


I UNDER this heading are described the respiratory, digestive, and urogenital 
J organs, and the ductless glands. 


THE RESPIRATOR Y r ORGANS 


The respiratory organs consist of the nose, pharynx, larynx, trachea, bronchi, 
lungs, and pleurse. The nose is described on pp. 984 to 991, and the pharynx 
on pp. 1122 to 1127. 

The Larynx 


The larynx, the organ of the voice, is situated between the root of the 
tongue and the trachea, at the upper and anterior part of the neck, where it 
projects forwards between the great vessels, and is covered anteriorly by the 
skin, the fascise, and the depressor muscles of the hyoid bone (fig. 1019). Above, 
it opens into the laryngeal part of the pharynx, of which it forms the anterior 
wall ; below, it is continuous with the trachea. In the adult male it is situated 
opposite the third, fourth, fifth, and sixth cervical vertebrae, but is placed 
somewhat higher in the female and also during childhood. Symington states 
that in infants of between six and twelve months of age the tip of the epiglottis, 
or highest part of the larynx, is a little above the level of the fibrocartilage 
between the dens and body of the epistropheus. Its average measurements in 
the adult are as follows : 


Length . 

Transverse diameter 
Anteroposterior diameter 
Circumference 


In males. 

In females. 

44 mm. 

36 mm. 

43 „ 

41 

36 „ 

26 „ 

136 „ 

112 „ 


Until puberty the larynx of the male differs little in size from that of the 
female. In the female its increase at puberty is only small. In the male it 
is considerable ; all the cartilages enlarge and the thyreoid cartilage projects 
in the middle line of the neck, while the length of the rima glottidis is nearly 
doubled. 

The upper part of the larynx is prismoid in form, flattened behind and at 
the sides, and forming in front a prominent vertical ridge (fig. 1019) ; its lower 
part is narrow and cylindrical (fig. 1020). It is composed of cartilages, which 
are connected by ligaments and membranes, and are moved by numerous 
muscles. It is lined with mucous membrane continuous above and behind with 
that of the pharynx and below with that of the trachea. 

The cartilages of the larynx (fig. 1021) are nine in number, three single 
and three paired, as follows ; 

Thyreoid. Two Corniculate. 

Cricoid. Two Cuneiform. 

Two Arytsenoid. Epiglottis. 

The thyreoid cartilage (figs. 1019, 1021, 1022, 1023) is the largest cartilage 
of the larynx. It consists of two laminae, the anterior borders of which are 
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fused at an angle in the middle line of the neck, and form a subcutaneous pro- 
jection named Jthe laryngecil prominence (pomum Adami). This prominence is 


Fig. 1019. — A section across the anterior part of the neck at the level of the 

vocal folds. 
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Vertebral artery and vein 


most distinct at its upper part, and is larger in the male than in the female. 
Immediately above it the laminae are separated by a V-shaped notch, the 
superior thyreoid notch. 


Fig. 1020. — A section across the anterior part of the neck at the level of the lower 
part of the lamina of the cricoid cartilage. 
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The lamince are irregularly quadrilateral in shape, and their posterior angles 
are prolonged into processes termed the superior and inferior cornua. 
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On the outer surface of each lamina an oblique line runs downwards and 
forwards from the superior thyreoid tubercle which is situated a little in front 
of the root of the superior cornu, to the inferior thyreoid tubercle on the 
lower border of the lamina. To this line are attached the Sternothyreoideus, 
Thyreohyoideus, and Constrictor pharyngis inferior. The inner surface is 
smooth : above and behind, it is 


slightly concave and covered with 
mucous membrane. In front, in 
the angle formed by the junction 


Fig. 1021. — The cartilages of the larynx. 
Posterior aspect. 


of the laminae, are attached the 
thyreo-epiglottic, ventricular, and 
vocal ligaments, the Thyreoary- 
tsenoidei, Thyreoepiglottici and 
Vocales muscles. 

The upper border of each 
lamina is concave behind and 
convex in front ; it gives attach- 
ment to the corresponding half 
of the hyothyreoid membrane. 
The lower border is concave 
behind, and nearly straight in 
front, the two parts being 
separated by the inferior thy- 
reoid tubercle. A small part of 
it in and near the middle line 
is connected to the cricoid 
cartilage by the middle crico- 
thyreoid ligament. 

The anterior border is fused 
with that of the opposite lamina, 
forming with it an angle of about 
90° in the male, and about 120° 



in the female. The posterior 
border , thick and rounded, re- 
ceives the insertions of fibres 
of the Stylopharyngeus and 
Pharyngopalatinus muscles. It 
ends in the superior and inferior 
cornua. The superior cornu , 
long and narrow, is directed 
upwards, backwards and medial- 
wards, and ends in a conical 


Corniculate cartilages 
Cuneiform cartilage N ^ \ q. 


ARYT.ENOID 

Insertion of 
Cricoarytcenoideus 
'posterior 
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extremity, which gives attach- 
ment to the lateral hyothyreoid 
ligament. The inferior cornu , 
short and thick, is directed 
downwards, with a slight in- 
clination forwards and medial- 
wards ; on the medial surface of 
its lower end there is a small oval 
facet for articulation with the side 


CRICOII) 

Articular facet for 
aryteenoid cartilage 

Articular facet for 
inferior cornu of 
thyreoid cartilage 



of the cricoid cartilage. 

During infancy the laminae of the thyreoid cartilage are joined to each other 
by a narrow, lozenge-shaped, flexible strip, named the intrathyreoid cartilage . 

The cricoid cartilage (figs. 1021, 1023, 1024) is smaller, hut thicker and 
stronger than the thyreoid cartilage. It is shaped like a signet-ring, and forms 
the lower and posterior parts of the wall of the larynx. It consists of a 
posterior quadrate lamina, and an anterior narrow 7 arch. 

The lamina of the cricoid cartilage is deep and broad, and measures verti- 
cally from 2 cm. to 3 cm. ; on the middle of its posterior surface is a vertical 
ridge to the upper part of which the two fasciculi of the longitudinal fibres of 
the oesophagus are attached by a tendon (p. 1129) ; and on either side of the 
ridge is a shallow depression for the origin of the Cricoarytsenoideus posterior. 
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The arch is narrow in front, measuring vertically from 5 mm. to 7 mm., but 
widens posteriorly as it approaches the lamina ; it affords attachment in front 
and at the sides to the Oricothyreoidei, and behind, to part of the Constrictor 
pharyngis inferior. On either side, at the junction of the lamina with the 
arch, there is a prominent circular facet, directed lateralwards and backwards, 
for articulation with the inferior cornu of the thyreoid cartilage. The lower 
border of the cricoid cartilage is horizontal, and connected to the highest ring 
of the trachea by the cricotracheal ligament. The upper border runs obliquely 
upwards and backwards, owing to the great depth of the lamina. It gives 
attachment, in front, to the middle cricothyreoid ligament ; at the sides, to 
the conus elasticus and the Cricoarytenoidei laterales ; behind, it presents, in 
the middle, a shallow notch, and on either side of this is a smooth, oval, convex 
surface, directed upwards and lateralwards, for articulation with the base of 
an arytenoid cartilage. The inner surface of the cricoid cartilage is lined with 
mucous membrane. 

The arytenoid cartilages (figs. 1023, 1024), a right and a left, are situated 
at the upper border of the lamina of the cricoid cartilage, at the back of the 
larynx. Each is pyramidal in form, and has three surfaces, a base, and an 
apex. 

The posterior surface , triangular, smooth, and concave, is covered with the 
Arytenoideus transversus. The anterolateral surface is somewhat convex and 
rough. On it, near the apex of the cartilage, there is an elevation ( colliculus ) 
from which a crest {crista arcuata) curves at first backwards and then down- 
wards and forwards to the vocal process. The lower part of this crest inter- 
venes between two depressions or foveae, an upper, triangular, and a lower, 
oblong in shape ; to the upper the ventricular ligament is attached ; to the 
lower, the Vocalis and Cricoarytenoideus lateralis. The medial surface is 
narrow, smooth, and flat ; it is covered with mucous membrane, and its lower 
edge forms the lateral boundary of the intercartilaginous part of the rima 
glottidis. The base is concave, and on it is a smooth surface for articulation 
with the upper border of the lamina of the cricoid cartilage. Its lateral angle 
or muscular process , rounded and prominent, projects backwards and lateral- 
w r ards, and gives insertion to the Cricoarytenoideus posterior behind, and to 
the Cricoarytenoideus lateralis in front. Its anterior angle or vocal process is 
pointed ; it projects horizontally forwards and gives attachment to the vocal 
ligament. The apex curves backwards and medialwards, and articulates with 
the corniculate cartilage . 

The corniculate cartilages (cartilages of Santorini) (fig. 1024) are two 
small conical nodules of yellow elastic cartilage, which articulate with the 
summits of the arytenoid cartilages and serve to prolong them backwards and 
medialwards. They are situated in the posterior parts of the aryepiglottic 
folds of mucous membrane, and are sometimes fused with the arytenoid 
cartilages. 

The cuneiform cartilages (cartilages of Wrisberg) (figs. 1021, 1024, 1025) 
are two small, elongated pieces of yellow elastic cartilage, placed one in each 
aryepiglottic fold, where they give rise to whitish elevations on the surface of 
the mucous membrane, just in front of the corniculate cartilages. 

The cartilage of the epiglottis (figs. 1021, 1023, 1024) is a thin leaf-like 
lamella of yellow fibrocartilage, which projects obliquely upwards behind the 
tongue and the body of the hyoid bone, and in front of the entrance to the larynx. 
The free extremity, broad and rounded, is directed upwards ; the attached 
part or stem is long, narrow, and connected by an elastic ligament, the thyreo- 
epiglottic ligament , to the angle formed by the two laminse of the thyreoid 
cartilage, a short distance below the superior thyreoid notch. The sides of the 
epiglottis are attached to the arytenoid cartilages by the aryepiglottic folds 
of mucous membrane (p. 1066). 

The upper part of the anterior surface of the epiglottis is free, and covered 
with mucous membranej which is reflected on to the back of the tongue, forming 
a median and two lateral glosso-epiglottic folds ; the lateral glosso -epiglottic 
folds are also attached to the wall of the pharynx, and on this account are 
frequently named the pharyngo-epiglottic folds. The depression on either side 
of the median glosso-epiglottic fold is named the vallecula (fig. 1026). The lower 
part of the anterior surface lies behind the hyoid bone and the hyothyreoid 
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membrane, and is connected to the upper border of the hyoid bone by an elastic 
ligament, the liyo-epiglottic ligament ; it is separated from the hvothvreoid 
membrane by a mass of fatty tissue. 

The posterior surface of the epiglottis is smooth, concave from side to side, 
concavoconvex from above downwards, and covered with mucous membrane ; 
its lower part projects backwards as an elevation, the tubercle or cushion. When 
the mucous membrane is removed, the cartilage is seen to be indented by a 
number of small pits, in which mucous glands are lodged. 


Fig. 1022. — The ligaments of the larynx. Anterolateral aspect. 
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Structure. — The corniculate and cuneiform cartilages, the epiglottis, and the apices of 
the arytsenoids consist of yellow fibrocartilage, which shows little tendency to calcification. 
The thyreoid, cricoid, and the greater part of the arytsenoids consist of hyaline cartilage, 
and become more or less ossified as age advances. Ossification commences about the 
twenty-fifth year in the thyreoid cartilage, and somewhat later in the cricoid and the 
arytenoids ; by the sixty- fifth year these cartilages may be completely converted into bone. 

Joints. — The joints between the inferior cornua of the thyreoid cartilage 
and the sides of the cricoid cartilage are diarthrodial, and each is enveloped by 
an articular capsule, which is strengthened posteriorly by a fibrous band. 
Rotatory and gliding movements occur at these joints. The rotatory move- 
ment is one in which the cricoid cartilage rotates upon the inferior cornua of 
the thyreoid cartilage around an axis passing transversely through both joints. 
The gliding movement consists in a limited shifting of the cricoid on the thyreoid 
in different directions. 

A pair of diarthrodial joints exist between the facets on the upper border 
of the lamina of the cricoid cartilage and the bases of the arytenoid 
cartilages ; each joint is enclosed by an articular capsule, and a strong 
'posterior crico-arytcenoid ligament connects the cricoid cartilage -with the 
medial and posterior part of the base of the arytenoid cartilage. These 
joints permit of two varieties of movement : one is a rotation of the 
arytenoid on a vertical axis, whereby the vocal process is moved lateral- 
wards or medialwards, and the rima glottidis increased or diminished ; the 
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other is a gliding movement, and allows the arytaenoid cartilages to approach 
or recede from each other ; from the direction and slope of the articular surfaces 
lateral gliding is accompanied by a forward and downward movement. The 
two movements of gliding and rotation are associated, the medial gliding being 
connected with medialward rotation, and the lateral gliding with lateralward 
rotation. The posterior crico-arytsenoid ligaments limit the forward move- 
ments of the arytaenoid cartilages on the cricoid cartilage. 

A synchondrosis, sometimes a diarthrosis, exists between the apex of each 
arytaenoid cartilage and the corresponding corniculate cartilage, and a Y-shaped 
ligament, the ligamentum corniculopharyngeum , unites the apices of the corni- 
culate cartilages to the upper border of the lamina of the cricoid cartilage. 

Ligaments and membranes.-— The ligaments of the larynx (figs. 1022, 1023) 
are (a) extrinsic , those connecting the thyreoid cartilage and epiglottis with the 

hyoid bone, and the cricoid car- 


Fig. 1023 .— The ligaments of the larynx. 
Posterior aspect. 



tilage with the trachea ; and (b) 
intrinsic , those uniting the car- 
tilages of the larynx to each other. 

Extrinsic ligaments . — The thy- 
reoid cartilage is connected to the 
hyoid bone by the hyothyreoid 
membrane, and by a middle and 
two lateral hyothyreoid ligaments. 

The hyothyreoid membrane is a 
broad, fibro-elastic layer, attached 
below to the upper border of the 
thyreoid cartilage and to the front 
of its superior cornua, and above 
to the upper margin of the pos- 
terior surface of the body and 
greater cornua of the hyoid bone, 
thus passing behind the posterior 
surface of the body of the hyoid 
bone, and being separated from it 
by a bursa mucosa, which facili- 
tates the upward movement of the 
larynx during deglutition. The 
middle, thicker, part of the mem- 
brane is termed the middle hyo- 
thyreoid ligament ; each of the 
lateral thinner portions is pierced 
by the superior laryngeal vessels 
and the internal branch of the 
superior laryngeal nerve. Its 
outer surface is in relation with 
the Th}7reohyoideus, Sterno- 
hyoideus, and Omohyoideus, and 
with the body of the hyoid bone. 

The lateral hyothyreoid liga- 


ments are round elastic cords 


which form the posterior borders of the hyothyreoid membrane and connect 
the tips of the superior cornua of the thyreoid cartilage to the posterior ends 
of the greater cornua of the hyoid bone. A small cartilaginous nodule, the 
cartilago triticea, is frequently found in each ligament. 

The epiglottis is attached to the hyoid bone by the hyo-epiglottic ligament, 
and to the. thyreoid cartilage by the thyreo -epiglottic ligament (p. 1062). 

The cricotracheal ligament unites the lower border of the cricoid cartilage 
with the first ring of the trachea. It is continuous below with the fibrous 
membrane which invests the rings of the trachea. 

Intrinsic ligaments. — Beneath the mucous membrane of the larynx is a 
broad sheet of fibrous tissue containing many elastic fibres, and termed the 
elastic membrane of the larynx. It is subdivided on either side by the interval 
between the ventricular and vocal ligaments ; the upper portion extends 
between the arytaenoid cartilage and the cartilage of the epiglottis, and is often 
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from the base to the summit, where it ends in the cupula , which forms the 
apex of the cochlea. The beginning of this canal is about 3 mm. in diameter ; 
it diverges from the modiolus towards the tympanic cavity and vestibule, and 
presents three openings. One, the fenestra cochleae, communicates with the 
tympanic cavity and in the recent state is closed by the secondary tympanic 
membrane ; another, of an elliptical form, opens into the vestibule. The 
third is the aperture of the aquseductus cochleae, leading to a minute funnel- 
shaped canal w r hich opens on the inferior surface of the petrous part of the 
temporal bone, transmits a small vein to join the inferior petrosal sinus, and 
establishes a communication between the subarachnoid cavity and the scala 
tympani. 

Pig. 993. — The cochlea and vestibule. Exposed from above. (Testut.) 



. k ar< 3 parts which, form the roof of the internal ear have been removed with the saw. 

fA;Vr OC o a - B * Vestibule, o. Internal acoustic meatus, d. Tympanic cavity. 1. Section of promon- 
fil suxa Ye stibuli. 3. Recessus sphsericus. 4. Recessus ellipticus. 5. Tossa cochlearis. 
o. entice of the aquseductus vestibuli. 7. Inferior opening of the posterior semicircular canal. 8. ISTon- 
ampuilated end of lateral semicircular canal. 9. Scala tympani of the cochlea. 10. Scala vestibuli. 
to* ■aSffr?’ 12 * spiral lamilla > with 12% its vestibular origin ; 12", its external border. 

13 . Hehcotrema. 14. Bony wall of cochlea. 


The osseous spiral lamina is a bony shelf or ledge which winds round and 
projects from the modiolus into the interior of the canal, like the thread of 
a screw. It reaches about halfway across the canal, and incompletely divides 
it into two passages or scalse : an upper, named the scala vestibuli, and a lower, 
the scala tympani . The width of the osseous spiral lamina gradually decreases 
from the basal to the apical coil of the cochlea, and near the summit of the 
cochlea the lamina ends in a hook-shaped process, the hamulus laminae spiralis ; 
this assists in forming the boundary of a small opening, the helicotrema, through 
which the two scalae communicate with each other. From the spiral canal 
of the modiolus numerous canals pass outwards through the osseous spiral 
lamina as far as its free edge and transmit branches of the cochlear nerve. 
In the lower part of the first turn of the cochlea a secondary spiral lamina 
projects inwards from the outer wall of the bony tube ; it does not, however, 
reach the osseous spiral lamina, so that if the laminae be viewed from the 
vestibule a narrow fissure, the fissura vestibuli, is seen between them. 

The osseous labyrinth is lined by a thin fibroserous membrane which is 
closely adherent to the bone ; the free surface of the membrane is smooth, 
and covered with a layer of epithelium. The osseous labyrinth is filled with 
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lower folds are concerned in the production of voice, and are therefore named 
the vocal folds (true vocal cords), and the fissure between them is called the 
rima glottidis. 

The entrance to the larynx (aditus laryngis) (fig. 1026) is the aperture through 
which the laryngeal cavity opens into the pharynx. It slopes downwards and 
backwards, and is triangular in shape, with its base in front. It is bounded 
anteriorly by the upper edge of the epiglottis, posteriorly by the mucous mem- 
brane stretching between the arytenoid cartilages, and on either side by the 
free edge of a fold of mucous membrane, enclosing ligamentous and muscular 
fibres, stretched between the side of the epiglottis and the apex of the arytenoid 
cartilage ; this is the ary epiglottic fold, and on the posterior part of its free 


Fig. 1025. — A sagittal section through the larynx. 
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margin are two oval elevations, an anterior produced by the cuneiform car- 
tilage, and a posterior by the corniculate cartilage. These elevations are 
separated by a shallow^ vertical furrow, which is continuous below with the 
opening into the ventricle of the larynx. 

The vestibule of the larynx (figs. 1025, 1026) is the part between the laryngeal 
entrance and the level of the ventricular folds ; it is wide above, and narrow 
below. Its anterior wall consists of the posterior surface of the epiglottis, the 
lower part of which projects backwards as the tubercle or cushion (p. 1063). 
Its lateral walls, deep in front and shallow behind, are formed by the medial 
surfaces of the aryepiglottic folds ; its posterior wall consists of the mucous 
membrane connecting the arytenoid cartilages, above the level of the ventri- 
cular folds. 

The middle pari of the laryngeal cavity is the smallest. It reaches from the 
level of the rima vestibuli to that of the rima glottidis. On either side it opens, 
through a slit between the ventricular and vocal folds, into a recess which is 
named the ventricle of the larynx. 

The ventricular folds (false vocaj cords) (figs. 1024, 1025, 1027) are two thick 
folds of mucous membrane, each enclosing a narrow band of fibrous tissue, the 
ventricular ligament, which is fixed in front to the angle of the thyreoid cartilage 
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immediately below the attachment of the epiglottic cartilage, and behind to 
the anterolateral surface of the arytenoid cartilage, a short distance above the 
vocal process. 

The vocal folds (true vocal cords) (figs. 1024, 1025, 1027) are concerned in 
the production of sound, and enclose the vocal ligaments. Each vocal ligament 
consists of a band of yellow 7 elastic tissue, attached in front to the angle of the 
thyreoid cartilage below 7 the ventricular ligament, and behind to the vocal 
process of the arytenoid cartilage. It is continuous below 7 with the lateral 
part of the conus elasticus. It is covered medially with mucous membrane, 
which is thin, and closely adherent to it. The Vocalis muscle lies lateral to and 
parallel with the vocal ligament . 


Fig. 1026.- — The tongue and the entrance to the larynx. Posterior aspect. 
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The rima glottidis (figs. 1026, 1028) is a fissure situated between the vocal 
cords anteriorly, and between the bases and vocal processes of the arytenoid 
cartilages posteriorly ; it is limited behind by the mucous membrane passing 
between the arytenoid cartilages, at the level of the vocal folds. The portion 
between the vocal folds is named the intermembranous part (glottis vocalis), and 
measures about three-fifths of the length of the entire aperture ; that between 
the arytenoid cartilages is named the intercartilaginous part (glottis respiratoria). 
The average length of the rima glottidis, in the male, is 23 mm. ; in the female, 
17 mm. Its width and shape vary with the movements of the vocal folds and 
arytenoid cartilages during respiration and phonation. In the condition of 
rest, as in quiet respiration, the intermembranous part is triangular, with its 
apex in front and its base behind — the latter being represented by a line, about 
8 mm. long, connecting the anterior ends of the vocal processes — while the 
medial surfaces of the arytenoid cartilages are parallel to each other and hence 
the intercartilaginous part is rectangular. During extreme adduction of the 
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Pig. 1027, — A coronal section through the 
larynx and the upper part of the trachea. 


vocal folds, as in the production of a high note, the intermembranous part of 
the rima glottidis is reduced to a linear slit by the apposition of the vocal folds, 
while the intereartilaginous part is triangular, its apex corresponding to the 
anterior ends of the vocal processes of the arytsenoid cartilages, which are 

approximated by the medial rotation of 
the cartilages. Conversely in extreme 
abduction of the vocal folds, as in 
forced inspiration, the arytsenoid car- 
tilages and their vocal processes are 
rotated lateral wards, and the inter- 
cartilaginous part is triangular in shape 
but with its apex directed backwards. 
In this condition the rima glottidis is 
somewhat lozenge-shaped, the sides of 
the intermembranous part diverging 
from before backwards, those of the 
intereartilaginous part diverging from 
behind forwards — the widest part of 
the aperture corresponding with the 
attachments of the vocal folds to the 
vocal processes. 

The ventricle of the larynx (fig. 1025) 
is a fusiform recess on either side, 
between the ventricular and vocal folds, 
and ascending for a short distance out- 
side the ventricular fold. It is lined 
w T ith mucous membrane, lateral to 
which is the corresponding Thyreoary- 
tmnoideus muscle. From the anterior 
part of the ventricle a narrow opening 
leads upwards into the appendix of the 
ventricle. 

The appendix of the ventricle (laryn- 
geal saccule) (fig. 1027) is a pouch 
which ascends from the anterior part 
of the ventricle, between the ventri- 
cular fold^and the inner surface of the thyreoid cartilage, occasionally extending 
as high as the upper border of the cartilage ; it is conical in form, and curved 
slightly backwards. On the surface of its mucous membrane are the openings 
of sixty or seventy mucous 

Fig. 1028. — A laryngoscopic view of the interior of 
the larynx. 



Thy reoar yUt- 
uni<h:ns muscle 


Vallecula, 


Median glossoepiglottic fold 
I Epiglottis 


Tubercle of epiglottis 


glands, which are lodged m 
the submucous areolar tissue. 

The appendix is enclosed in a 
fibrous capsule, continuous 
below with the ventricular 
ligament. Its medial surface 
is covered by a few delicate 
muscular fasciculi, which arise 
from the apex of the arytse- 
noid cartilage and become 
lost in the aryepiglottic fold 
of mucous membrane ; later- 
ally it is separated from 
the thyreoid cartilage by 
the Thyreoepiglotticus. These 
muscles compress the sac, and 
express the secretion of its 
glands upon the vocal fold to 
lubricate its surfaces. 

The lower part of the 
laryngeal cavity extends from the level of the vocal folds to the lower border 
of the cricoid cartilage. Its upper part is elliptical in form, but lower down 
it widens, assumes circular shape, and is continuous with the cavity of the 
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trachea. It is lined with mucous membrane, and its walls consist of the conus 
elastieus above, and the inner surface of the cricoid cartilage below. 

Muscles. — The muscles of the larynx are extrinsic and intrinsic . The 
extrinsic muscles pass between the larynx and neighbouring structures, and 
are described in the section on Myology. The intrinsic muscles are : 

Cricothyreoideus, Arytsenoideus obliquus. 

pars obliqua, Aryepiglo tticus . 

pars recta. Thyreoarytsenoideus. 

Cricoarytsenoideus posterior. Vocalis. 

Cricoarytaenoideus lateralis. Thyreoepiglotticus. 

Arytsenoideus transversus. Ventricular is. 

With the exception of the Arytsenoideus transversus these muscles are 
paired. 

The Cricothyreoideus (fig. 1029), triangular in form, arises from the front and 
lateral part of the outer surface of the 

cricoid cartilage ; its fibres diverge, and Fig. 1029.— A side view of the larynx, 
are arranged in two groups. The lower showing the muscular attachments, 
fibres constitute the pars obliqua and slant 
backwards and laterahvards to the anterior 
border of the inferior cornu, while the 
anterior fibres form the pars recta and run 
upwards and backwards to the posterior 
part of the lower border of the lamina, of 
the thyreoid cartilage. 

The medial borders of the two muscles 
are separated by a triangular interval 
occupied by the subcutaneous part of the 
middle cricothyreoid ligament. 

The Cricoarytcenoideus posterior (fig. 

1030) arises from the lower and medial 
part of the broad depression on the corre- 
sponding half of the posterior surface of 
the lamina of the cricoid cartilage ; its 
fibres, directed upwards and lateralwards, 
converge to he inserted into the back of 
the muscular process of the arytsenoid 
cartilage. The highest fibres are nearly 
horizontal, the middle oblique, and the 
lowest almost vertical. 

The Cricoarytcenoideus lateralis (fig. 

1031) is smaller than the preceding muscle ; 
it arises from the upper border of the arch 
of the cricoid cartilage, and, passing obliquely upwards and backwards, is 
inserted into the front of the muscular process of the arytsenoid cartilage. 

The Arytcenoideus transversus (fig. 1030) is a single muscle which bridges the 
interval between the arytsenoid cartilages and fills the posterior concave sur- 
faces of these cartilages. It arises from the back of the muscular process and 
lateral border of the arytsenoid cartilage of one side, and is inserted into the 
corresponding parts of the cartilage on the opposite side. 

The Arytcenoideus obliquus (fig. 1030), superficial to the Arytsenoideus 
transversus, consists of two fasciculi, which cross each other like the limbs of 
the letter X. Each passes from the back of the muscular process of one 
arytsenoid cartilage to the apex of the opposite cartilage. A few fibres are 
continued round the lateral margin of the apex of the arytsenoid cartilage, and 
are prolonged into the ary epiglottic fold ; they constitute the Aryepiglotticus 
muscle. 

The Thyreoaryteenoideus (figs. 1031, 1032) is a broad, thin muscle, which is 
situated lateral to the vocal fold, the conus elastieus, the ventricle and the 
ventricular appendix. It arises in front from the lower half of the angle of 
the thyreoid cartilage, and from the middle cricothyreoid ligament. Its fibres 
pass backwards and lateralwards, to be inserted into the anterolateral surface 
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of the arytenoid cartilage. The lower and deeper fibres of the muscle form a 
band which, in a coronal section, appears as a triangular bundle, and is attached 
to the lateral surface of the vocal process and to the inferior fovea on the 


Fig. 1031.-— The muscles of the larynx. 
Lateral aspect. The right lamina of 
the thyreoid cartilage has been removed. 


Fig. 1030. — The muscles of the larynx. 
Posterior aspect. 
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anterolateral surface of the arytenoid cartilage. This bundle is named the 
Vocalis muscle, and is parallel with, and just lateral to, the vocal ligament. 


Fig. 1032. — The muscles of the larynx. 
Superior aspect. (Enlarged.) 



The Vocalis is thicker behind than in 
front, because some of its fibres are 
inserted into the vocal ligament, and 
so fail to reach the thyreoid cartilage. 
A considerable number of the fibres of 
the Thyreoarytenoideus are prolonged 
into the aryepiglottic fold, where some 
of them are lost, while others are con- 
tinued to the margin of the epiglottis, 
forming the Thyreoeypiglotticus. A few 
fibres extend along the wall of the 
ventricle from the lateral margin of 
the arytenoid cartilage to the side of 
the epiglottis, and constitute the Yen- 
tricularis muscle. 

Actions. — The muscles of the 
larynx may be conveniently divided 
into two groups, (1) those which open 
and close the glottis, viz. the Crico- 
arytenoidei posteriores et laterales and 
the Arytenoidei ; (2) those which regu- 
late, the degree of tension of the vocal 
ligaments, viz. the Cricothyreoidei, the 
Thyreoarytenoidei, and the Vocales. 
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The Cricoarytcenoidei posteriores open the glottis, by rotating the arytsenoid cartilages 
outwards around a vertical axis passing through the erico -arytsenoid joints, so that the 
vocal processes and the attached vocal folds are separated. 

The Cricoarytcenoidei laterales close the glottis, by rotating the arytsenoid cartilages 
inwards so as to approximate the vocal processes. 

The Arytcenoideas transversus approximates the arytsenoid cartilages, and thus closes the 
opening of the glottis, especially at its posterior part. * 

The Arylamoidei obliqui and the Aryepiglottici act as a sphincter of the entrance of the 
larynx, by bringing the aryepiglottic folds together, and by approximating the arytsenoid 
cartilages to the tubercle or cushion of the epiglottis. 

The Gricothyreoidei produce tension and elongation of the vocal ligaments by drawing 
up the arch of the cricoid cartilage and tilting back the upper border of its lamina ; the 
distance between the vocal processes and the angle of the thyreoid is thus increased, and 
the vocal ligaments are consequently elongated. 

The Thyreoarytcenoidei draw the arytsenoid cartilages forwards towards the thyreoid, and 
thus shorten and relax the vocal ligaments. At the same time they rotate the arytsenoid 
cartilages inwards and approximate the vocal folds. The deeper fibres, forming the 
Vocaies , produce relaxation of the vocal ligaments. 

The manner in which the entrance of the larynx is closed during deglutition is referred 
to on p. 1122. 

Mucous Membrane. — The mucous membrane of the larynx is continuous above with 
that of the mouth and pharynx, below with that of the trachea. It is loosely attached 
to the anterior surface of the epiglottis, and to the underlying tissues in the valleculas. 
It covers the aryepiglottic folds which bound the entrance of the larynx ; in these folds 
there is a considerable amount of areolar tissue. It lines the cavity of the larynx ; forms, 
by its reduplication, the chief parts of the ventricular folds, and is continued from the 
ventricle into the ventricular appendix. It is firmly attached to the posterior surface of 
the epiglottis and to the laryngeal surfaces of the cuneiform and arytsenoid cartilages. The 
parts covering the vocal ligaments are thin and intimately adherent to them. On the 
anterior surface, and the upper half of the posterior surface, of the epiglottis, the upper 
part of the aryepiglottic folds, and the vocal folds, the epithelium of the mucous mem- 
brane is of the stratified squamous type ; patches of stratified squamous epithelium are 
also found above the glottis. The rest of the laryngeal mucous membrane is covered by 
columnar ciliated epithelium. 

Glands. — The mucous membrane of the larynx is furnished with numerous mucous 
glands ; they are very plentiful upon the epiglottis, where they are lodged in little pits ; 
many are present in the margins of the aryepiglottic folds in front of the arytsenoid carti- 
lages, where they are termed the arytcenoid glands. They are large and numerous in the 
ventricular appendices. The free edges of the vocal folds are devoid of glands. 

Taste-buds , similar to those in the tongue, are scattered over the posterior surface of the 
epiglottis, in the aryepiglottic folds, and less regularly in some other parts of the larynx. 

Vessels and Nerves. --The chief arteries of the larynx are the laryngeal branches of 
the superior and inferior thyreoid arteries. The veins accompanying the superior laryn- 
geal artery join the superior thyreoid vein which opens into the internal jugular vein ; 
those accompanying the inferior laryngeal artery join the inferior thyreoid vein which 
opens into the innominate vein. The lymphatic vessels are divisible into two sets, a 
superior above, and an inferior below, the vocal folds ; the superior vessels accompany 
the superior laryngeal artery, pierce the hyothyreoid membrane, and end in the deep 
cervical lymph-glands situated near the bifurcation of the common carotid artery ; some 
of the inferior lymphatic vessels pierce the middle ericothyreoid ligament and open into 
a lymph-gland lying in front of that ligament or in front of the upper part of the trachea, 
while others emerge below the cricoid cartilage and pass to the deep cervical lymph-glands 
and to the lymph-glands alongside of the inferior thyreoid artery. The nerves are derived 
from the internal and external branches of the superior , laryngeal nerve, from the recur- 
rent nerve and from the sympathetic. The internal laryngeal branch is almost entirely 
sensory, but some motor filaments are said to be carried by it to the Arytsenoideus. It 
enters the larynx through the postero-inferior part of the hyothyreoid membrane above 
the superior laryngeal artery, and divides into three branches ; one is distributed to both 
surfaces of the epiglottis, a second to the aryepiglottic fold, and a third, the largest, 
supplies the mucous membrane over the back of the larynx and communicates with the 
recurrent nerve. The. external laryngeal branch supplies the Cricothyreoideus by enter- 
ing its lateral surface. The recurrent, nerve accompanies the laryngeal branch of the 
inferior thyreoid artery, and passes upwards beneath the lower border of the Constrictor 
pharyngis inferior, immediately behind the ericothyreoid joint. It supplies all the intrinsic^ 
muscles of the larynx except the Cricothyreoideus, and a part of the Arytsenoideus (pp. 919, f 
920). The sensory branches of the laryngeal nerves form subepithelial plexuses, from- 
which fibres pass to end between the cells covering the mucous membrane.* 

- * Consult an article ‘ On the nerves of the human larynx* by T. F. M* Dil worth. Journal 

of Anatomy, vol. hi. 1921. 
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The Trachea and Bronchi (fig. 1033) 

The trachea, or windpipe, is a cartilaginous and membranous tube, about 
10 or 11 cm. long, continued downwards from the lower part of the larynx, and 
reaching from the level of the sixth cervical vertebra to that of the upper border 


Fig. 1033. — The cartilages of the larynx, trachea, and bronchi. Anterior aspect. 



of the fifth thoracic vertebra, where it divides into two bronchi, one for each 
lung. It is not quite cylindrical, being flattened posteriorly; its diameter 
from side to side, is about 2 cm. in the male, and 15 in the ''female. In the 
child the trachea is smaller, more deeply placed and more movable than in the 
adult. 

Relations of the trachea .- — In front of the cervical part of the trachea 
(fig. 1034) are the skin, the superficial and deep fasciae, the venous jugular arch 
connecting the anterior jugular veins, the Sternohyoidei and Sternothyreoidei. 
The second, third and fourth rings of the trachea are crossed by the isthmus 
of the thyreoid" gland, and immediately above the isthmus is an anastomosis 
between the two superior thyreoid arteries ; below the isthmus are the pre- 
tracheal fascia, the inferior thyreoid veins, the remains of the thymus, and the 
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arteria thyreoidea ima (when that vessel exists). In the child, the innominate 
artery crosses obliquely in front of the trachea at, or a little above, the level 

Fig. 1034. — A transverse section through the anterior part of the neck at the 
level of the body of the first thoracic vertebra. 
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of the upper border of the manubrium sterni. Behind the trachea is the oeso- 
phagus, which separates the trachea from the vertebral column ; the recurrent 
nerves ascend, one on either side, in the grooves between the sides of the trachea 


Fig. 1035. — A transverse section through the mediastinal cavity at the level 
of the body of the third thoracic vertebra. 
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and the oesophagus. Lateral to the trachea are the lobes of the thyreoid gland, 
which descend to the level of the fifth or sixth tracheal ring, the common carotid 
and inferior thyreoid arteries. 
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The thoracic fart of the trachea (figs. 1035, 1036) descends through the 
posterior part of the superior mediastinal cavity. In front of its upper portion 
are the manubrium sterni, the origins of the Sternothyreoidei, the remains of 
the thymus, and the inferior thyreoid veins ; and in front of its lower portion 


Fig. 1036. — A transverse section through the mediastinal cavity at the level 
of the upper part of the body of the fourth thoracic vertebra. 
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are the left innominate vein, the arch of the aorta, the innominate and left 
carotid arteries, the deep part of the cardiac plexus of nerves, and some lymph- 
glands. Owing to the divergence of the innominate artery from the left common 
carotid as they ascend in the neck, the former vessel comes to lie on the right, 
and the latter on the left of the trachea. Behind is the oesophagus, which 
intervenes between the trachea and the vertebral column. On the right ^ are 

the right lung and pleura, the right 
Fig. 1037. — A transverse section through vagus nerve, and the azygos vein. Oil 
the trachea, just above its bifurcation, the left are the arch of the aorta, the 
Superior aspect. left common carotid and left sub- 

clavian arteries. The left recurrent 
nerve, in its upward course, lies at 
first between the trachea and the 
arch of the aorta, and then in 
the groove between the trachea and 
the oesophagus. 

The right bronchus, wider, 
shorter, and more vertical than the 
left, is about 2*5 cm. long, and enters 
the right lung nearly opposite the 
fifth thoracic vertebra. The azygos vein arches. over it from behind; and 
the right pulmonary artery lies at first below and then in front of it. It gives 
oft a branch to the upper lobe of the right lung ; this is termed the eparterial 
branch , because it arises above the right pulmonary artery.' The bronchus now 
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passes below the artery, and is known as the hyparterial branch ; this divides 
into two branches for the middle and lower lobes of the lung. 

The left bronchus, narrower than the right, is nearly 5 cm. long, and 
enters the root of the left lung opposite the sixth thoracic vertebra. It passes 
beneath the aortic arch, and crosses in front of the cesophagus, the thoracic 
duct, and the descending aorta ; the left pulmonary artery lies at first above, 
and then in front of it. The left bronchus has no eparterial branch, and there- 
fore it has been supposed by some anatomists that there is no upper lobe to 
the left lung, and that the so- 
called upper lobe of the left 
lung corresponds to the middle 
lobe of the right lung. 

The further subdivision of 
the bronchi will be considered 
with the structure of the lung. 

If the trachea be cut across 
a short distance above its bi- 
furcation, and the interior of the 
lower part viewed from above - 
(fig. 1037), it will be seen that 
the septum between the two 
bronchi lies on the left of the 
median plane, and that the 
right bronchus is a more direct 
continuation of the trachea than 
the left. 

Structure (fig. 1038), — The t rachea 
and extrapulmonary bronchi consist 
of a framework of imperfect rings 
of hyaline cartilage, united by fibrous 
and unstriped muscular tissue. 

They are lined by mucous mem- 
brane. 

The cartilages of the trachea vary 
from sixteen to twenty in number. 

Each is in an imperfect ring which 
occupies the anterior two-thirds or 
so of the circumference of the 
trachea ; behind, where the rings 
are deficient, the tube is flat, and is 
completed by fibrous tissue and un- 
striped muscular fibres. The carti- 
lages are placed horizontally above 
one another, and are separated by narrow intervals. They measure about 4^ min. m 
depth and 1 mm. in thickness-; their external surfaces are flattened in a vertical direction, 
but their internal are convex. Two or more of the cartilages often unite, partially or 
completely, and are sometimes bifurcated at their extremities. They are highly elastic, 
but may become calcified in advanced life. In the bronchi the cartilages are shorter and 
narrower than those of the trachea, but have the same shape and arrangement. 

The first and the last tracheal cartilages differ from the others (fig. 1033). The first 
cartilage is broader than the rest, and often divided at one end; it is connected by the 
cricotraclieal ligament with the lower border of the cricoid cartilage, with which, or with 
the succeeding cartilage, it is sometimes blended. The last cartilage is thick and broad 
in the middle, in consequence of its lower border being prolonged into a triangular hook- 
shaped process which curves downwards and backwards between the two bronchi. It 
forms on each side an imperfect ring which encloses the commencement of the bronchus. 
The cartilage above the last is somewhat broader at its centre than the others. 

The fibrous membrane . — The cartilages are enclosed in an elastic fibrous membrane, 
which consists of two layers, one, the thicker, passing over the outer surfaces of the 
rings, the other over the inner surfaces : at the upper and lower margins of the cartilages 
the two layers blend and form a stout membrane which connects the rings one with 
another. Where the cartilages are deficient posteriorly, the membrane forms a single 
layer. 

The muscular tissue is placed within the fibrous membrane at the posterior part of 
the tube, and consists of two layers of non-strip ed muscle, longitudinal and transverse; 
The longitudinal fibres are external, and consist of a few scattered bundles. The trans- 
verse fibres (Tracnealis muscle) are internal, and form a thin layer which not only extends 


Fig. 10S8. — A transverse section through a part 
of the wall of the trachea. 
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between the ends of the cartilages but also passes across in the intervals between the 
cartilages. 

Mucous Membrane. — The mucous membrane is continuous above with that of the 
larynx, and below" with that of the bronchi. It consists of areolar and lymphoid tissue, 
and presents a well-marked basement-membrane, supporting a stratified epithelium, the 
surface cells of which are columnar and ciliated, while those of the deeper layers are oval 
or round. Beneath the basement-membrane there is a layer of longitudinal ^ elastic 
fibres with a small amount of intervening areolar tissue. The submucous layer is com- 
posed of a loose meshwork of connective tissue, containing large blood-vessels, nerves, 
and mucous glands ; the ducts of the latter pierce the overlying layers and open into the 
trachea (fig. 1038). 

Vessels and Nerves.— The trachea is supplied with blood mainly by the inferior 
thyreoid arteries . The veins end in the thyreoid venous plexus. The nerves are derived 
from the vagi and the recurrent nerves, and from the sympathetic trunks; they are 
distributed to the Trachealis muscle and between the epithelial cells. 

Applied Anatomy . — Foreign bodies often find their way into the air-passages, and 
may consist of large soft substances, as pieces of meat, which may become lodged in the 
entrance of the larynx, or in the rima glottidis, and cause speedy suffocation unless 
rapidly got rid of, or unless an opening is made into the air-passages below the obstruction, 
so as to enable the patient to breathe. Smaller bodies, frequently of a hard nature, such 
as cherry or plum stones, small pieces of bone, buttons, &c., may find their way through 
the rima glottidis into the trachea or bronchi, or may lodge in the ventricle of the larynx. 
The dangers then depend not so much upon the mechanical obstruction as upon reflex 
spasm of the glottis produced by the irritation of the foreign body. When lodged in the 
ventricle of the larynx, the foreign body may produce few symptoms, beyond sudden loss 
of voice or alteration in the voice sounds. When, however, it is situated in the trachea, 
it is constantly striking against the vocal folds during expiratory efforts, and thus pro- 
duces attacks of dyspnoea from spasm of the glottis. When lodged in the bronchus, it 
usually becomes fixed there, and, occluding the lumen of the tube, causes a loss of the 
respiratory murmur on the affected side, and may subsequently lead to purulent bron- 
chitis and gangrene of the lung. 

Beneath the mucous membrane of the upper part of the air-passages there is a con- 
siderable amount of submucous tissue, which is liable to become much swollen from 
effusion in inflammatory affections, constituting the condition known as ‘oedema of the 
glottis.’ This effusion does not extend below the level of the vocal folds, on account of 
the fact that the mucous membrane is closely adherent to these structures without the 
intervention of any submucous tissue. In cases of oedema of the glottis, in which it is 
necessary to open the air-passages to prevent suffocation, the operation of laryngotomy is 
sufficient. 

The air-passages may be opened in three different situations : by a vertical incision 
through the centre of the thyreoid cartilage ( thyreotomy ); through the middle crico- 
thyreoid ligament ( laryngotomy ) ; or in some part of the trachea ( tracheotomy ). 

Thyreotomy is usually performed for the purpose of removing growths from the vocal 
folds or for extracting foreign bodies from the ventricle of the larynx. A median incision 
is made from the upper border of the body of the hyoid bone to the lower border of the 
cricoid cartilage, and is carried through the subcutaneous tissues and deep fascia between 
the margins of the Sternohyoidei. An incision is then made in the middle cricothyreoid 
ligament, and one blade of a stout, sharp-pointed pair of scissors is introduced beneath 
the lower border of the thyreoid cartilage, and this structure is divided from below 
upwards. Great care must be taken to cut exactly in the middle line to avoid wounding 
the vocal folds. If the halves of the cartilage are now drawn apart, a very good view of 
the interior of the larynx will be obtained. 

Laryngotomy is a simple operation, and should be performed in those cases where 
the air-passages require to be opened in an emergency for the relief of some sudden 
obstruction to respiration. The middle cricothyreoid ligament is very superficial, being 
covered only by the skin, superficial fascia, and the deep fascia in the middle line. 
On either side it is also covered by the Sternohyoideus and Sternothyreoideus, which 
diverge from each other at their upper parts, leaving a slight interval between them. On 
these muscles rest the anterior jugular veins. The cricothyreoid artery crosses the 
middle cricothyreoid ligament, and may be wounded, but rarely gives rise to any trouble. 
The operation is performed thus : the head being thrown back and steadied by an 
assistant, the finger is passed over the front of the neck, and the cricothyreoid depression 
felt for. A vertical incision is then made through the skin in the middle line over this 
spot, and carried down through the fascia until the middle cricothyreoid ligament is 
exposed. A cross-cut is then made through the ligament close to the upper border of the 
cricoid cartilage, so as to avoid, if possible, the cricothyreoid artery, and a laryngotomy 
tube inserted. It has been recommended, as a more rapid way of performing the opera- 
tion, to make a transverse instead of a longitudinal cut through the superficial structures , 
and thus to open at once the air-passages. It will be seen, however, that in operating in 
this way the anterior jugular veins are in danger of being wounded. 
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Tracheotomy may be performed either above or below the isthmus of the thyreoid 
gland, or this structure may be divided and the trachea opened behind it. From the 
relations already described it must be evident that the trachea can be more readily 
opened above than below the isthmus. 

# Tracheotomy above the isthmus is performed thus : the patient should, if possible, be 
laid on his back on a table in a good light. A pillow is to be placed under the shoulders 
and the head thrown back and steadied by an assistant. The surgeon standing on the 
right side of his patient makes an incision from 4 cm. to 5 cm. long in the median line of 
the neck from the top of the cricoid cartilage. After the superficial structures have been 
divided, the interval between the Sternohyoidei must be found, the fascia divided, and the 
muscles drawn apart. The lower border of the cricoid cartilage must now be felt for, and 
the upper part of the trachea exposed from this point downwards in the middle line. It 
has been recommended that the layer of fascia in front of the trachea should be divided 
transversely at the level of the lower border of the cricoid cartilage, and, having been 
seized with a pair of forceps, pressed downwards with the handle of the scalpel. By this 
means the isthmus of the thyreoid gland is depressed, and is saved from all danger of 
being wounded, and the trachea cleanly exposed. The trachea is now transfixed with a 
sharp hook and drawn forwards in order to steady it, and is then opened by inserting the 
knife into it and dividing the upper two or three rings by cutting upwards. If the trachea 
is to be opened beneath the isthmus of the thyreoid gland, the incision must be made from 
a little below the cricoid cartilage to the top of the sternum ; in this situation the trachea 
is situated more deeply. 

A portion or the whole of the larynx may be removed for malignant disease. It may 
be removed by a median incision through the soft parts, freeing the cartilages from the 
muscles and other structures in front, separating the larynx from the trachea below, and 
dissecting it off from the deeper structures from below upwards. 


The Pleurje 

Each lung is invested by a delicate serous membrane, the pleura, which 
is arranged in the form of a closed invaginated sac. A portion of the serous 
membrane covers the surface of the lung and dips into the fissures between 
its lobes ; it is called the pulmonary pleura. The rest of the membrane lines 
the inner surface of the corresponding half of the chest- wall, covers the Dia- 
phragm, and is reflected over the structures occupying the middle part of the 
thorax ; this portion is termed the parietal pleura . The pulmonary and parietal 
pleurae are continuous with one another around and below the root of the lung ; 
in health they are in actual contact, but the potential space between them is 
known as the pleural cavity. When the lung collapses or when air or fluid 
collects between the pulmonary and parietal pleurae, the pleural cavity becomes 
apparent. The right and left pleural sacs are distinct from one another, and 
only touch each other for a short distance behind the second and third pieces 
of the sternum. The interval between the tw r o sacs is termed the mediastinal 
cavity. The right pleural sac is shorter, wider, and reaches higher in the neck 
than the left. 

The pulmonary pleura is inseparably connected vnth the lung. It covers 
the surfaces of the lung, including those which bound the fissures between the 
lobes of the lung ; it is wanting, however, over an area where the lung root 
enters, and along a line extending dowmvards from this and marking the 
attachment of the pulmonary ligament. 

The parietal pleura. — Different portions of the parietal pleura have 
received distinctive names ; the part lining the inner surfaces of the ribs and 
Intercostales is the costal pleura ; that clothing the thoracic surface of the 
Diaphragm is the diaphragmatic pleura ; that ascending into the neck over 
the summit of the lung is the cupula of the pleura ; and that applied to the 
structures in the middle of the thorax is the mediastinal pleura. 

The costal pleura (figs. 1039, 1040) lines the ribs and intercostal muscles, 
and is easily separated from them. In front it begins behind the sternum 
where it is continuous with the mediastinal pleura. The line of junction of the 
mediastinal with the costal pleura extends from behind the sternoclavicular 
joint downwards and medialwards to a point in the middle line behind the 
sternal angle. From this point the right and left costal pleurae descend in 
contact with each other as far as the level of the fourth costal cartilages, below 
which the line differs on the two sides. On the right side it is continued down 
to the posterior surface of the xiphoid process. On the left it diverges lateral- 
wards and descends close to or a short distance from the lateral margin of the 
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sternum, to the level of the sixth costal cartilage. On either side the costal 
pleura sweeps lateralwards, lining the inner surfaces of the costal cartilages, 
ribs and intercostales, and at the back of the thorax passes over the sym- 
pathetic trunk and its branches, and on to the sides of the bodies of the verte- 
brae, where it again becomes continuous with the mediastinal pleura. Above, 
the costal pleura is continuous with the cupula of the pleura at the inner 
margin of the first rib. Below, it is continuous with the diaphragmatic pleura 
along a line which differs slightly on the two sides. On the right side the line 
begins behind the xiphoid process, and runs downwards and backwards 
behind the seventh costal cartilage, and reaches the midaxillary line at the 


Fig. 1039. — The relations of the pleurae and lungs to the chest wall. 
Anterior aspect. 



level of the tenth rib ; from here the line ascends slightly, and crossing the 
twelfth rib, reaches the level of the spinous process of the twelfth thoracic 
vertebra. On the left side the line follows at first the ascending part of the 
sixth costal cartilage, but in the rest of its course is slightly lower than that on 
the right side. 

The diaphragmatic pleura is thin, and covers the upper surface of its corre- 
sponding side of the Diaphragm. The outer part of its circumference is the 
line described above, along which it is continuous with the costal pleura. 
Medially it is continuous with the mediastinal pleura along the line of attach- 
ment of the pericardium to the Diaphragm. 

The cupula of the pleura, i.e. the cervical portion of the pleura, is the con- 
tinuation of the costal pleura over the apex of the lung. It extends from the 
inner border of the first rib medialwards and upwards to the apex of the lung, 
its summit reaching as high as the lower edge of the neck of the first rib ; it 
then descends along the side of the trachea to become continuous with the 
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mediastinal pleura. The cupula of the pleura is strengthened by a dome-like 
expansion of fascia (Sibsoyi’s fascia) attached in front to the inner border of 
the first rib and behind to the anterior border of the transverse process of the 
seventh cervical vertebra ; it is covered and strengthened by a few spreading 
muscular fibres derived from the Scaleni. The subclavian artery, directed 
upwards and lateralwards, occupies a furrow a little below the summit of the 
cupula. 

The mediastinal pleura. The space between the pleurae is named the medi- 
astinal cavity or interpleural space. It contains the heart, enclosed in its peri- 
cardium, the great vessels entering and leaving the heart, and the oesophagus, 
together with other structures 
described on pp. 1080 to 1083. 

These are partly covered with 
the mediastinal pleura which 
consists of a right and a left 
portion (figs. 1036, 1041). 

Above the root of the lung 
each portion is a continuous 
sheet between the sternum 
and the vertebral column. 

That of the right side is in 
contact with the right inno- 
minate vein, the upper part 
of the superior vena cava, the 
terminal part of the azygos 
vein, the right phrenic and 
right vagus nerves, the trachea, 
and the oesophagus. That of 
the left side is in relation with 
the arch of the aorta, the left 
phrenic and left vagus nerves, 
the left innominate and 
superior intercostal veins, the 
left common carotid and sub- 
clavian arteries, the thoracic 
duct and the oesophagus. At 
the root of the lung the medi- 
astinal pleura is carried lateral - 
wards as a tube of serous 
membrane enclosing the struc- 
tures of the lung-root and 
passing into continuity with 
the pulmonary pleura. Below 
the lung-root the mediastinal 
pleura extends as a bilaminar 
layer from the side of the peri- 
cardium to the mediastinal surface of the lung, where it is also continuous 
with the pulmonary pleura. This bilaminar layer is named the pulmonary 
ligament (fig. 1045), and serves to retain the lower part of the lung in position. 
It is continuous above with the tube investing the lung root ; below it ends in 
a free falciform border. 

The inferior limit of the pleura is on a considerably lower level than the 
corresponding border of the lung (figs. 1039, 1040), but does not extend to the 
attachment of the Diaphragm, so that below the line of reflection of the pleura 
from the chest-wall to the Diaphragm, the latter is in direct contact with the 
rib cartilages and the Intercostales interni. Moreover, in ordinary inspiration 
the thin inferior margin of the lung does not extend as low as the line of the 
pleural reflection, with the result that the costal and diapliragmatic pleurae are 
here in contact, the intervening narrow slit being termed the phrenicocostal 
sinus . A* simil ar condition exists behind the sternum and rib cartilages, where 
the anterior thin margin of the lung falls short of the line of pleural reflection, 
and where the slit-like cavity between the two layers of pleura forms what is 
called the costomediastinal sinus. 


Fig. 1040. — The relations of the pleurae and lungs 
to the chest wall. Lateral aspect. 
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Structure, — The free surface of the pleura is smooth, and moistened by serous fluid. 

■ Like other serous membranes, it is covered by a single layer of flattened nucleated cells, 
united at their edges by cement-substance. These cells are modified connective tissue 
corpuscles, and rest on a basement-membrane. Beneath the basement-membrane there 
are networks of yellow elastic and white fibres, imbedded in ground-substance which also 
contains connective tissue cells. Blood-vessels, lymphatic vessels, and nerves are dis- 
tributed in the substance of the pleura, and the lymphatic vessels communicate with the 
pleural cavity by means of stomata or openings between the flattened cells: 

Vessels and Nerves. — The arteries of the pleura are derived from the intercostal, 
internal mammary, musculophrenic, thymic, pericardiac, and bronchial vessels. The 
veins correspond to the arteries. The lymphatics are described on p. 778. The nerves 
are derived from the phrenic nerve and from the sympathetic trunk. Ivolliker states that 
nerves accompany the ramifications of the bronchial arteries in the pulmonary pleura. 

Applied Anatomy. — Acute inflammation of the pleura, or pleurisy , may be either dry 
or wet, and, if wet, either serous or purulent. Dry pleurisy is common in pneumonia, 
and is often an early manifestation of tuberculosis. It gives rise to much pain, and to 
friction sounds due to the scraping to and fro over one another of the inflamed and 
roughened parietal and pulmonary pleurse. Wet pleurisy occurs if the inflammation 
causes the effusion of serum into the pleural cavity. The two pleural layers are now 
separated by the fluid effusion, so the friction sounds are no longer produced. Room 
is found for the fluid by shrinkage of the supernatant lung due to the retraction of its 
elastic tissue, and later, when the quantity of serum exceeds about 1 -5 litre, by shifting 
over of the heart and unaffected lung towards the sound side. This shifting may be so 
extensive that, in a left-sided effusion, the apex of the heart may come to lie under the right 
mammary papilla. Any pleural effusion that is large enough to embarrass respiration 
seriously, or has remained unabsorbed for two or three weeks, should be removed by tapping 
(paracentesis thoracis). The trocar is pushed through the chest-wall into the fluid, in the 
sixth or seventh intercostal space in the midaxillary line, or in the eighth or ninth space just 
outside the angle of the scapula. Aspiration is then performed, and as much fluid as 
possible drawn off : it must be stopped, however, if the patient shows signs of collapse, or 
if fits of coughing occur and threaten to wound the expanding lung against the sharp end 
of the trocar. Non-inflam matory or passive effusion into the pleura, called hydrothorax , 
is often seen in the later stages of chronic renal or cardiac disease, and demands treatment 
on lines similar to the above. 

Purulent pleural effusion, or empyema , often occurs after such diseases as pneumonia 
or measles. This condition requires drainage of the cavity, which usually necessitates 
excision of a portion of a rib. An incision is made down to the seventh or eighth rib 
in the mid- or posterior axillary line and the periosteum is incised, and separated from 
the body of the rib, carrying with it the structures in the costal groove. With bone- 
cutting forceps about 4 cm. or 5 cm. of the rib are separated and removed, and the under- 
lying pleura is incised. The pus having been evacuated, a large drainage tube is inserted 
into the cavity. The pleura should never be irrigated, as sudden death has followed this 
proceeding, and great care should be taken to prevent the tube from slipping into the 
cavity, an occurrence which is far from uncommon. 

Pneumothorax , or the presence of gas in the pleural cavity, is a common terminal 
event in tuberculosis of the lungs ; less often it is due to trauma — rupture of the lung, for 
example, when the chest is crushed, or tearing of the lung-tissue by the sharp projecting 
end of a broken rib. Air escapes from the lung into the pleural cavity; the clastic tissue 
of the lung at once contracts, and finally that organ shrinks away to a dark rounded mass 
the size of a fist, lying close against the vertebral column. The symptoms of pneu- 
mothorax are often very severe; cyanosis, intense dyspnoea, great pain on the affected 
side, and cardiac failure. Their severity is increased by the fact that the blood-vessels of 
the collapsed lung offer less resistance to the circulation of the blood than do those of the 
other lung. Not only, therefore, does the sound lung suddenly have to take over the 
work — the aeration of the blood — normally performed by both lungs, but it has to do so at 
the moment when the circulation of blood through it is partially short-circuited by the 
collapsed lung. If the patient survives for a few days, empyema often complicates the 
pneumothorax, setting up the condition called pyopneumothorax. During the last few 
years a valuable method of treating selected cases of pulmonary tuberculosis by the estab- 
lishment and maintenance of an artificial pneumothorax on the affected side, causing 
collapse of the diseased lung, has been employed. 

In operations upon the kidney, it must be borne in mind that the pleural cavity usually, 
extends below the level of the medial portion of the last rib, and may therefore be 
opened in these operations, especially when the last rib is removed in order to give 
more room. 


The Mediastinal Cavity 

The mediastinal cavity, or space between the right and left pleurae, 
extends from the sternum in front to the vertebral column behind (fig. 1041 ). 
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Fig. 1041. — A transverse section through the thorax, showing the contents 
of the middle and posterior mediastinal cavities. Diagrammatic. 

Transvemis thoracis 



Fig. 1042. — A transverse section through the mediastinal cavity at the level 
of the upper part of the body of the sixth thoracic vertebra. 
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It is divided, for purposes of description, into two parts, an upper, which is 
named the superior mediastinal cavity, and a leaver, which is subdivided into 
(a) the anterior mediastinal cavity, in front of the pericardium, (5) the middle 
mediastinal cavity, containing the pericardium and its contents, and (c) the 
posterior mediastinal cavity, behind the pericardium. 

The superior mediastinal cavity (figs. 1035, 1036) lies between the manu- 
brium sterni in front, and the upper four thoracic vertebrse behind. It is 
bounded below by a slightly oblique plane passing from the junction of the 


Fig. 1043. — A transverse section through the mediastinal cavity at the level 
of the lower part of the body of the sixth thoracic vertebra. 
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manubrium and body of the sternum to the lower part of the body of the 
fourth thoracic vertebra, and laterally by the pleurae ; above, by the plane of 
the thoracic inlet. It contains the origins of the Sternohyoidei and Sterno- 
thyreoidei and the lower ends of the Longi colli ; the aortic arch ; the inno- 
minate, left common carotid and left subclavian arteries ; the innominate veins 
and the upper half of the superior vena cava ; the left superior intercostal 
vein ; the vagus, cardiac, phrenic, and left recurrent nerves ; the trachea 
oesophagus, and thoracic duct ; the remains of the thymus, and some lymph - 
glands. 

The anterior mediastinal cavity lies between the sternum in front and 
the pericardium behind (fig. 1041) ; it exists only below the level of the fourth 
costal cartilages, where the left ‘pleura diverges from the mid-sternal line. It 
contains a quantity of loose areolar tissue, some lymphatic vessels which ascend 
from the convex surface of the liver, two or three lymph-glands, and a few 
small mediastinal branches of the' internal mammary artery. 
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Its width increases from 0*21 mm. in the basal turn to 0*36 mm. in the apical 
turn of the cochlea. The gradual increase in the width of the basilar membrane 
is accompanied by a corresponding narrowing of the osseous spiral lamina, 
and a decrease in the size and density of the crista basilaris. The under 
surface of the membrane is covered by a layer of vascular connective tissue ; 
one of the vessels in this tissue is somewhat larger than the rest, and is 
named the vas spirale ; it lies below Corti’s tunnel. 

The spiral organ of Corti (figs. 1000, 1002) is composed of a series of 
epithelial structures placed upon the zona arcuata or inner part of the basilar 
membrane. The more central of these structures are two rows of rod-like 
bodies, the inner and outer rods or pillars of Corti . The bases of the rods are 
supported on the basilar membrane, those of the inner row at some distance 
from those of the outer ; the two rows incline towards each other and, coming 


Pig. 1001. — The limbus laminae spiralis and the basilar membrane. Schematic. 

(Testut.) 



1, 1 . Upper and lower lamellae of the lamina spiralis ossea. 2. Limbus laminse spiralis, with a, the 
auditory teeth of the first row ; b, b', the teeth of the other rows ; c, c\ the grooves between the 
auditory teeth and the cells which are lodged in them. 3. Sulcus spiralis internus, with 3', its labium 
vestibulare, and 3", its labium tympanicum. 4. Foramina nervosa, giving passage to the nerves from 
the spiral ganglion of Corti. 5. Vas spirale. 6. Zona arcuata, and 6', zona pectinata of the basilar 
membrane, with a, its hyaline layer, /S, its connective tissue layer. 7. Summit of the tunnel of Corti, 
with 7 , its inner rod, and 7", its outer rod. 8. Bases of the inner rods, from which the cells are 
removed. 9. Bases of the outer rods. 10. Part of the vestibular membrane. 


into contact above, enclose between them and the basilar membrane the tunnel 
of Corti which is triangular in cross section. On the medial side of the inner 
rods is a single row of hair- cells, and on the lateral side of the outer rods three 
or four rows of hair-cells, together with certain supporting cells termed the 
cells of Deiters and of Hensen. The free ends of the outer hair- cells occupy a 
series of apertures in a net-like membrane, the reticular membrane, and the 
entire organ is covered by the tectorial membrane. 

Rods of Corti. — Each of these consists of a base or foot-plate, an elongated 
part or body, and an upper end or head ; the body of each rod is finely striated, 
but in the head there is an oval non-striated portion which stains deeply with 
carmine. Occupying the angles between the rods and the basilar membrane 
are nucleated cells which partly envelop the rods and extend on to the floor 
of Corti’s tunnel ; these may be looked upon as the undifferentiated parts of 
the cells from which the rods have been formed. 

The inner rods number nearly 6000, and their bases rest on the basilar 
membrane close to the tympanic lip of the sulcus spiralis internus. The shaft 
or body of each is sinuously curved and forms an angle of about 60° with the 
basilar membrane. The head resembles the proximal end of the ulna, and 
presents a deep concavity which accommodates a convexity on the head of 



1084 


SPLANCHNOLOGY 


Fig. 1045. — A transverse section through the mediastinal cavity at the level 
of the body of the seventh thoracic vertebra. 
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Applied Anatomy. — Primary tumours of the mediastinum are usually sarcoma or 
carcinoma arising from the thymus or the mediastinal lymph-glands. Lymphosarcoma, 
embryoma, and dermoid cysts occur more rarely. These tumours give rise to pain, 
deformity of the chest, and symptoms of pressure on the nerves, blood-vessels, air-passages, 
lymphatics, and on the oesophagus, as these various structures pass through the thorax. 
They may produce physical signs very much like those of an aortic aneurysm, so that 
diagnosis between the two is often difficult. 

Inflammation of the mediastinum due to wounds, or to the spread of inflammation 
from adjacent parts (e.g. the oesophagus, the pericardium), is sometimes acute, leading 
to abscess -formation ; there is also a chronic form — chronic adhesive mediastinopericarditis 
— associated with adhesions and inflammation of the pericardium. 


The Ltjngs (Pulmones) 

The lungs are the essential organs of respiration ; they are two in number, 
placed one on either side within the thorax, and separated from each other 
by the heart and other contents of the mediastinal cavity (fig. 1046). .The 
substance of the lung is of a light, porous, spongy texture ; it floats in water, 
and crepitates when handled, owing to the presence of air in its alveoli ; it 
is also highly elastic ; hence the retracted state of the lungs when they are 
removed from the closed cavity of the thorax. The surface is smooth, shining, 
and marked out into numerous polyhedral areas, indicating the lobules of the 
lung ; each of these areas is crossed by numerous lighter lines. 

At birth the lungs are pinkish- white in colour ; in adult life the colour 
is a dark slaty-grey, mottled in patches ; and as age advances, this mottling 
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assumes a black colour. The colouring matter consists of granules of a car- 
bonaceous substance deposited in the areolar tissue near the surface of the 
lung ; it increases in quantity as age advances, and is more abundant in males 
than in females. As a rule, the posterior border of the lung is darker than 
the anterior. 

The right lung usually weighs about 625 gm., the left 567 gm., but much 
variation is met with according to the amount of blood or serous fluid they 
contain. The lungs are heavier in the male than in the female ; their propor- 
tion to the body is, in the former, as 1 to 37, in the latter as 1 to 43. 


Fig. 1046. — The heart and lungs. Anterior aspect. 



Each lung is conical in shape, and has an apex, a base, three borders, and 
two surfaces. 

The apex is rounded, and extends into the root of the neck, reaching from 
3 cm. to 4 cm. above the level of the sternal end of the first rib. A sulcus 
runs upwards and lateralwards immediately below the apex, and is produced 
by the subclavian artery. 

The base is semilunar in ’shape, and concave ; it rests upon the convex 
surface of the Diaphragm, which separates the right lung from the right lobe 
of the liver, and the left lung from the left lobe of the liver, the stomach, and 
the spleen. Since the Diaphragm extends higher on the right than on the left 
side, the concavity on the base of the right lung is deeper than that on the 
left. Laterally and behind, the base is bounded by a thin, sharp margin which 
projects for some distance into the phrenicocostal sinus of the pleura, between 
the lower ribs and the costal attachment of the Diaphragm. 

The costal surface is smooth, convex, of considerable extent, and corresponds 
to. the form of the cavity of the chest, which is deeper behind than in front. 
It is in contact with the" costal pleura, and exhibits, in specimens which have 
been hardened in situ , slight grooves corresponding with the overlying ribs. 
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The medial surface is divided into a posterior or vertebral part, in contact 
with the sides of the bodies of the thoracic vertebrae, and an anterior or medi- 
astinal part, in contact with the mediastinal pleura. On the mediastinal part 
is a deep concavity, the cardiac impression , w T hich accommodates the peri- 
cardium ; this concavity is larger and deeper on the left than on the right 
lung, because the heart projects more to the left than to the right side of the 
median plane. Above and behind this concavity is a triangular depression 
named the Mlum, where the structures winch form the root of the lung (p. 1088) 
enter and leave the viscus. These structures are invested by pleura, winch, 
below the hilum and behind the pericardial impression, forms the pulmonary 
ligament. On the right lung (fig. 1047), immediately above the hilum, is an 
arched furrow' which accommodates the azygos vein ; while running upwards, 


Fig. 1047. — The mediastinal surface of the right lung. 
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and then arching lateralwards a short distance below the apex, is a wide groove 
for the superior vena cava and right innominate vein. Behind the hilum 
and the attachment of the pulmonary ligament is a vertical groove for the 
oesophagus ; this groove becomes less distinct below, owing to the inclination 
of the low T er part of the oesophagus to the left of the middle line. In front 
and to the right of the lower part of the oesophageal groove is a concavity 
for the extrapericardiac portion of the thoracic part of the inferior vena cava. 
On the left lung (fig. 1048), immediately above the hilum, is a well-marked 
curved furrow, produced by the aortic arch, and running upwards from this 
towards the apex is a groove accommodating the left subclavian artery ; a 
slight impression in front of the latter and close to the margin of the lung 
lodges the left innominate vein. Behind the hilum and pulmonary ligament 
is a vertical furrow produced by the descending aorta ; and in front of this, 
near the base of the lung, the lower part of the oesophagus causes a shallow 
impression. 
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The inferior border is thin and sharp where it separates the base from the 
costal surface, and extends into the phrenicocostal sinus ; medially, where it 
divides the base from the mediastinal surface, it is blunt and rounded. The 
posterior border is broad and rounded, and is received into the deep concavity 
on either side of the vertebral column. It is much longer than the anterior 
border, and projects, below, into the phrenicocostal sinus. 

The anterior border is thin and sharp, and overlaps the front of the peri- 
cardium ; that of the right lung is almost vertical, and projects into the costo- 
mediastinal sinus ; that of the left presents, below, an angular notch, the cardiac 
notch , in which a small part of the pericardium is exposed. 

The fissures and lobes of the lungs. — The left lung is divided into 
two lobes (fig. 1048), superior and inferior, by a fissure which extends from 


Fig. 1048. — The mediastinal surface of the left lunar. 
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the costal to the mediastinal surface of the lung both above and below the 
hilum. As seen on the surface, this fissure begins on the mediastinal surface 
of the lung at the upper and posterior part of the hilum, and runs backwards 
and upwards to the posterior border, which it crosses at a point about 6 cm. 
below the apex. It then extends downwards and forwards over the costal 
surface, and reaches the low r er border a little behind its anterior extremity, 
and its further course can be followed upwards and backwards across the 
mediastinal surface as far as the lower part of the hilum. The superior lobe 
lies above and in front of this fissure, and includes the apex, the anterior border, 
a considerable part of the costal surface, and the greater part of the mediastinal 
surface of the lung. The inferior lobe , the larger of the two, is situated below 
and behind the fissure, and comprises almost the whole of the base, a large 
portion of the costal surface, and the greater part of the posterior border. 

The right lung is divided into three lobes, superior, middle, and inferior, by 
two fissures (fig. 1047). One of these separates the inferior from the, middle 
and superior lobes, and corresponds closely with the fissure in the left lung. 
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Its direction is, however, more vertical, and it cuts the lower border about 
7*5 cm. behind its anterior extremity. The other fissure is short, and separates 
the superior from the middle lobe. It begins in the previous fissure near the 
posterior border of the lung, and, running horizontally forwards, cuts the 
anterior border on a level with the sternal end of the fourth costal cartilage ; 
on the mediastinal surface it may be traced backwards to the hilum. The 
middle lobe of the right lung is small and wedge-shaped, and includes the lower 
part of the anterior border and the anterior part of the base of the lung. 

The right lung, although shorter by 2*5 cm. than the left, in consequence of 
the Diaphragm rising higher on the right side to accommodate the liver, is 
broader, owing to the inclination of the heart to the left side ; its total capacity 
and weight are greater than those of the left lung. 

The roots of the lungs. — A little above the middle of the mediastinal 
surface of each lung, and nearer its posterior than its anterior border, is the root 
of the lung, by which the lung is united to the heart and the trachea. The root 
is formed by the bronchus, the pulmonary artery, the two pulmonary veins, 
the bronchial arteries and veins, the pulmonary plexuses of nerves, lymphatic 
vessels, bronchial lymph-glands, and areolar tissue, all of which are enveloped 
by pleura. The roots of the lungs lie opposite the bodies of the fifth, sixth 
and seventh thoracic vertebrae. That of the right lung lies behind the superior 
vena cava and part of the right atrium of the heart, and below the terminal 
part of the azygos vein. That of the left lung is below the aortic arch and 
in front of the descending aorta. The following relations are common to the 
two lung-roots, viz. : in front, the phrenic nerve, the pericardiacophrenic 
artery and vein, and the anterior pulmonary plexus ; behind, the vagus nerve 
and posterior pulmonary plexus ; below, the pulmonary ligament. . 

The chief structures composing the root of each lung are arranged in a 
similar manner from before backwards on both sides, viz. : the upper of the 
two pulmonary veins in front ; the pulmonary artery in the middle ; and 
the bronchus behind, with the bronchial vessels on its posterior aspect. Their 
arrangement differs from above downwards on the two sides ; on the right 
side their position is — eparterial bronchus, pulmonary artery, hyparterial 
bronchus, pulmonary veins ; but on the left side their position is — pulmonary 
artery, bronchus, pulmonary veins. The lower of the two pulmonary veins 
is situated below the bronchus, at the apex or lowest part of the hilum (figs. 
1047, 1048). 

The divisions of the bronchi. — Just as the lungs differ from each other 
in the number of their lobules, so the bronchi differ in their mode of sub- 
division. 

The right bronchus gives off, less than 2*5 cm. from the division of the 
trachea, a branch for the superior lobe ; this branch arises above the level of 
the pulmonary artery, and is therefore named the eparterial bronchus . All the 
other divisions of the main stem come off below the pulmonary artery, and 
are consequently termed hyparterial bronchi . The first of these is distributed 
to the middle lobe, and the main tube then passes downwards and backwards 
into the inferior lobe, giving off in its course a series of large ventral and small 
dorsal branches. The ventral and dorsal branches arise alternately, and there 
are usually four of each. The branch to the middle lobe is the first of the 
ventral series. 

The left bronchus passes below the level of the pulmonary artery before it 
divides, and hence all its branches are hyparterial ; it may therefore be looked 
upon as equivalent to that portion of the right bronchus which lies on the 
distal side of its eparterial branch. The first branch of the left bronchus arises 
about 5 cm. from the bifurcation of the trachea, and is distributed to the 
superior lobe. The main stem then enters the inferior lobe, where it divides 
into ventral and dorsal branches similar to those in the right lung. The branch 
to the superior lobe of the left lung is the first of the ventral series. 

Structure. — The lungs are composed of a serous coat, a subserous areolar tissue, and 
the pulmonary substance. 

The serous coat is the pulmonary pleura (p. 1077) ; it is thin, transparent, and invests 
the entire organ as far as the root. 

The subserous areolar tissue contains a large proportion of elastic fibres ; it invests the 
entire surface of the lung, and extends inwards between the lobules. 
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The pulmonary substance is composed of lobules, which although closely connected 
by interlobular areolar tissue, are quite distinct from one another, and in the foetus may 
be teased asunder without much difficulty. The lobules vary in size ; those on the surface 
are large and of pyramidal form with the bases turned towards the surface ; those in 
the interior are smaller, and of various forms. Each lobule is composed of a lobular 
bronchiole and its terminal air-cells, and of the ramifications of the pulmonary and bronchial 
vessels, lymphatics, and nerves ; all of these structures being connected together by 
areolar tissue. 

The intrapulmonary bronchi divide and subdivide throughout the entire organ, the 
smallest branches constituting the lobular bronchioles. The larger branches consist of: 
(1) an outer coat of fibrous tissue in which are found at intervals irregular plates of hyaline 
cartilage, most developed at the points of division ; (2) internal to the fibrous coat, a 
layer of circularly disposed smooth muscular fibres, the bronchial muscle ; and (3) most 
internally, the mucous membrane, lined by columnar ciliated epithelium resting on a 
basement-membrane. The mucous membrane contains numerous elastic fibres running 
longitudinally, and a certain amount of lymphoid tissue ; it is traversed by the ducts 


Fig. 1049. — A section through the lung of a cat, showing the termination of a 

bronchus, x 50. 



Cartilage plates, 


of mucous glands, the acini of which lie in the fibrous coat. The lobular bronchioles are 
about 0*2 mm. in diameter ; they differ from the larger tubes in containing no cartilage 
and in the fact that the ciliated epithelial cells are cubical in shape. 

Each bronchiole ends by opening into a wider space known as the vestibule , the point 
of junction of the two being marked by a circular thickening of the bronchial muscle, and 
by a transition from the ciliated epithelium of the bronchiole to a layer of flattened non- 
ciliated cells. The vestibule divides into from three to sis passages called atria . These 
are lined by flattened non-ciliated epithelium. From each atrium arise two or more 
infundibula , elongated passages, lined by simple squamous epithelium and beset on all 
sides by hemispherical alveoli or air-cells (fig. 1049), 

The alveoli are lined by a layer of simple squamous epithelium, the cells of which are 
united at their edges by cement-substance. Between the squamous cells are here and 
there smaller, polygonal, nucleated cells. Outside the epithelial lining is a little delicate 
connective tissue, containing numerous elastic fibres and a close network of blood- 
capillaries, and forming a common wall to adjacent alveoli (fig. 1050). 

The foetal lung resembles a gland in that the alveoli have a small lumen and are lined 
by cubical epithelium (fig. 1051). After the first respiration the alveoli become distended, 
and the epithelium takes on the characters described above. 

Vessels and Nerves. — The pulmonary artery conveys the venous blood to the lungs ; 
it divides into branches which accompany the bronchial tubes and end in a dense capillary 
network in the walls of the infundibula and alveoli. The arteries of neighbouring lobules 
are independent of one another. 

G.A. 
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The pulmonary capillaries form plexuses which lie immediately beneath the linin 
epithelium, in the walls and septa of the alveoli and of the infundibula. In the sept 

Pig. 1050, — A section through the lung of a kitten. Silver preparation, x 350. 



Pig. 1051.— A section through the lung of a pig-embryo 13 cm. long, showing the 
glandular character of the developing alveoli, x 70. (J. M. Plint.) 



a. Interstitial connective tissue, b. A bronchial tube. c. An alveolus. L Lymphatic clefts, y. Pleura. 

between the alveoli the capillary network forms a single layer, the meshes of which are 
smaller than the vessels themselves ; their walls are also exceedingly thin. 

The pulmonary veins, two from each lung, arise from the pulmonary capillaries, the 
radicles coalescing into larger branches which run through the substance of the lung. 
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independently of the pulmonary arteries and bronchi. After freely communicating with 
other branches they form large vessels, which ultimately come into relation with the 
arteries and bronchial tubes, and accompany them to the hiJum of the lung, the artery 
usually being above, and the vein below, the bronchus. Finally they open into the left 
atrium of the heart, conveying oxygenated blood to be distributed to all parts of the body 
by the left ventricle. 

The bronchial arteries supply blood for the nutrition of the lung; they are derived 
from the thoracic aorta or from the upper aortic intercostal arteries, and, accompanying 
the bronchial tubes, are distributed to the bronchial glands and upon the walls of the 
larger bronchial tubes and pulmonary vessels. Those supplying the bronchial tubes form, 
in the muscular coat, a capillary plexus from which branches are given off to form a 
second plexus in the mucous coat; this plexus communicates with branches of the 
pulmonary artery, and empties itself into the pulmonary veins. Others are distributed 
in the interlobular areolar tissue, and end partly in the deep, partly in the superficial, 
bronchial veins. Lastly, some ramify upon the surface of the lung, beneath the pleura, 
where they form a capillary network. 

The bronchial veins , usually two on either side, are formed at the root of the lung, and 
receive superficial and deep veins corresponding with branches of the bronchial arteries ; 
they do not, however, receive all the blood conveyed by the arteries, as some passes into 
the pulmonary veins. The right bronchial veins end in the azygos vein, the left bronchial 
veins in the left superior intercostal vein or the accessory hemiazygos vein. 

The lymphatics of the lungs are described on p. 778. 

Nerves . — The lungs are supplied from the anterior and posterior pulmonary plexuses, 
formed chiefly by branches from the sympathetic and vagus. The filaments from these 
plexuses accompany the bronchial tubes, supplying efferent fibres to the bronchial muscle 
and afferent fibres to the bronchial mucous membrane and to the alveoli of the lung. 
Small ganglia are found upon these nerves. 

Applied Anatomy. — The lungs may be wounded or torn in three ways : (1) by com- 
pression of the chest, without any injury to the ribs; (2) by a fractured rib penetrating 
the lung; (3) by stabs, gunshot wounds, etc. 

The first form, where the lung is ruptured by external compression, without any 
fracture of the ribs, is very rare, and usually occurs in young children, and affects the root 
of the lung, i.e. the most fixed part, and thus, implicating the great vessels, is frequently 
fatal. It would seem a priori a most unusual injury, and its exact mode of causation is 
difficult to interpret. 

In the second variety, when the wound in the lung is produced by the penetration of 
a broken rib, both the costal pleura and pulmonary pleura must necessarily be injured, 
and consequently the air taken into the wounded alveoli may find its way through these 
wounds into the cellular tissue of the parietes of the chest, producing surgical emphy- 
sema. This it may do without collecting in the pleural cavity; the two layers of the 
pleura are so intimately in contact that the air passes straight through from the wounded 
lung into the subcutaneous tissue. Emphysema constitutes therefore the most important 
sign of injury to the lung in cases of fracture of the ribs. Pneumothorax, or air in the 
pleural cavity, is much more likely to occur in injuries of the third variety — that is to say, 
from external wounds, from stabs, gunshot injuries, and such like — in which case air 
passes either from the wound of the lung or from the external wound into the cavity of the 
pleura during the respiratory movements. In these cases there is generally no emphy- 
sema of the subcutaneous tissue unless the external wound is small and valvular, so that 
the air is drawn into the wound during inspiration, and then forced into the cellular 
tissue during expiration because it cannot escape from the extei^ial wound. Occasion- 
ally in wounds of the parietes of the chest no air finds its way into the cavity of the 
pleura, because the lung at the time of the accident protrudes through the wound and 
blocks the opening. This takes place where the wound is large, and constitutes one form 
of hernia of the lung. Another form of hernia of the lung occurs, though very rarely, 
after wounds of the chest-wall, when the wound has healed and the cicatrix subsequently 
yields from the pressure of the viscus behind. It forms a globular, elastic, crepitating 
swelling, which enlarges during expiratory efforts, falls in during inspiration, and 
disappears on holding the breath. 

An incision into the lung is occasionally required in cases of abscess the result of 
pneumonia or the presence of a foreign body, and from an abscess in the liver which has 
made its way through the Diaphragm into the lung substano&, and also in cases of 
hydatid disease. In these cases there is always risk of haemorrhage, and it has been 
recommended that the lung tissue should be penetrated by the actual cautery rather than 
with the knife. Unless adhesions have formed between the two layers of the pleura, the 
pleural cavity must necessarily be opened, and there is the further risk of pneumothorax, 
and possibly of septic infection. It is therefore advisable to suture the lung to the 
opening in the thoracic wall, and wait for adhesions to form before perforating the lung. 

The routine methods of physical examination — inspection, palpation, percussion, and 
auscultation — are nowhere more important than they are in the diagnosis of disease of 
the lungs. It is essential, too, that in every case the two sides of the chest should be 
compared with one another, and that the wide variations that may be met with under 
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poorly defined ; the lower part is a well-marked membrane forming, with its 
fellow of the opposite side, the conus elasticus, which connects the thyreoid, 
cricoid, and arytaenoid cartilages one to another. The joints between the 
individual cartilages are also provided with ligaments, already described. 

The conus elasticus (crieothyreoid membrane) (fig. 1024) is composed mainly 
of yellow elastic tissue. It consists of an anterior and two lateral parts. The 
anterior part or middle crieothyreoid ligament is thick and strong, narrow above 
and broad below 7 . It connects the front parts of the contiguous margins of the 
thyreoid and cricoid cartilages. It is overlapped on either side by the Crico- 
thyreoideus, but between these muscles is subcutaneous ; its upper part is 


Fig. 1024. — A dissection to show the right half of the conus elasticus. The right 
lamina of the thyreoid cartilage and the subjacent muscles have been removed. 
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crossed by a small arterial arch, formed by the junction of the two crieothyreoid 
arteries ; branches of this arch pierce the ligament. The lateral parts of the 
conus elasticus are thinner ; they are lined with the mucous membrane of the 
larynx, and are covered by the Cricoarytsenoidei laterales and Thyreoarytse- 
noidei. They extend upwards and medialwards from the inner edge of the 
superior border of the cricoid cartilage, and end above in free, slightly thickened 
edges which form the vocal ligaments ; these ligaments stretch from the vocal 
processes of the aryteenoid cartilages to the angle of the thyreoid cartilage about 
midway between the upper and lower borders of the cartilage. 

Cavum laryngis (figs. 1025, 1026). — The cavity of the larynx extends from 
the laryngeal entrance, by which it communicates with the pharynx, to the 
level of the lower border of the cricoid cartilage, where it is continuous with 
the cavity of the trachea. It is divided into three parts by an upper and a 
lower pair of folds of mucous membrane which project from the sides of the 
cavity into its interior. The upper folds are named the ventricular folds (false 
vocal cords), and the fissure between them is called the rima vestibuli. The 
g.a. 2l2 
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ends in the large intestine , which is made up of the caecum, the colon, the rectum , 
and the anal canal , the last ending on the surface of the body at the anus. 

The accessory organs are the teeth, for purposes of mastication ; the 
three pairs of salivary glands — the parotid, submaxillary and sublingual — the 
secretion from which mixes with the food in the mouth and acts chemically 
on one of its constituents ; the liver and the pancreas, two large glands in 
the abdomen, the secretions of which, in addition to that of numerous minute 
glands in the walls of the alimentary canal, take part in the process of digestion. 


The Mouth Cavity (Cavum oris) 

The cavity of the mouth is placed at the commencement of the digestive 
tube (fig. 1052) ; it consists of an outer, smaller portion, the vestibule, and an 
inner, larger part, the mouth cavity proper. 


Fig. 1052. — A sagittal section through the nose, mouth, pharynx, and larynx. 
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The vestibule of the mouth is a slit-like space, bounded externally by the lips 
and cheeks ; internally by the gums and teeth. It communicates with the 
surface of the body by the orifice of the mouth (rima oris). Above and below, 
it is limited by the reflection of the mucous membrane from the lips and cheeks 
to the gums covering the upper and lower alveolar arches. The ducts of 
the parotid salivary glands open into it, and it communicates, when the 
jaws are closed, with the mouth cavity proper by an aperture on either side 
behind the wisdom teeth, and by narrow clefts between opposing teeth. 

The mouth cavity proper (fig. 1074) is bounded laterally and in front 
by the alveolar arches with their contained teeth ; behind, it communicates 
with the pharynx by a constricted aperture termed the isthmus faucium. Its 
roof consists of the hard palate and soft palate, while the greater part of 
the floor is formed by the tongue, the remainder by the reflection of the mucous 
membrane from the sides and under surface of the tongue to the gum on the 
inner surface of the mandible. The ducts of the submaxillary and sublingual 
salivary glands open into it. 

p The mucous membrane lining the mouth is continuous with the skin at the free margins 
of the lips, and with the mucous lining of the pharynx at the isthmus faucium ; it is of 
a rose pink tinge during life, and very thick where it overlies the hard parts bounding 
the cavity. It is covered with stratified squamous epithelium. 

The lymphatics of the mouth are described on p. 755. 

The lips (labia oris), the two fleshy folds which surround the rima or orifice 
of the mouth, are formed externally of skin and internally of mucous membrane, 
between which are found the Orbicularis oris muscle, the labial vessels, some 
nerves, areolar tissue, and fat, and numerous small labial glands. The junction 
of the upper with the lower lip forms, on either side, the labial commissure , 
which bounds the angle of the -mouth. On the middle part of the outer surface 
of the upper lip is a shallow vertical groove named the philtrum which descends 
from the columna nasi ; it ends below in a slight prominence and is limited 
on either side by a ridge. The inner surface of each lip is connected in the 
middle line to the corresponding gum by a fold of mucous membrane, the 
frenulum— that of the upper lip being the larger. 

The labial glands are situated between the mucous membrane and the 
Orbicularis oris, round the orifice of the mouth. They are about the size of 
small peas ; their ducts open into the vestibule. In structure they resemble 
the salivary glands. 

The cheeks (buccse) form a large part of the sides of the face, and are con- 
tinuous in front with the lips, the junction being indicated on either side by a 
groove, the nasolabial sulcus , which runs downwards and lateralwards from the 
side of the nose to the angle of the mouth. The cheeks are composed externally 
of skin, and internally of mucous membrane ; between these are a muscular 
stratum, and a large quantity of fat, together with areolar tissue, vessels, nerves, 
and buccal glands. 

The mucous membrane lining the cheek is reflected above and below upon the gums, 
and is continuous behind with the lining membrane of the soft palate. Opposite the 
second upper molar tooth is a papilla, on the summit of which the parotid duct opens. 
The principal muscle of the cheek is the Buccinator; but others enter into its formation, 
viz. the Zygomaticus, Risorius, and Platysma. 

The buccal glands are placed between the mucous membrane and the Buccinator 
muscle; their structure is similar to that of the labial glands. Four or five, larger than 
the rest, and placed between the Masseter and Buccinator muscles around the distal 
extremity of the parotid duct, are called molar glands', their ducts open in the mouth 
opposite the last molar tooth. 

The lymphatics of the cheeks and lips are described on p.755. 

The gums (gingivae) are composed of dense fibrous tissue, closely connected 
to the periosteum of the alveolar processes of the mandible and maxillae, and 
are covered by smooth and vascular mucous membrane. Around the necks of 
the teeth this membrane presents numerous fine papillae, and is reflected into 
the alveoli,- where it is continuous with the periosteal membrane lining these 
cavities. 

Applied Anatomy . — The gums are occasionally the seat of considerable hypertrophy, 
forming a lobulated vascular fold growing up in front of and behind the teeth, so as almost 



THE APPLIED ANATOMY OF THE PALATE 


1095 


to bury them. They may also become swollen and congested, bleeding freely, and often 
becoming ulcerated. The condition is known as spongy gums , and may occur in scurvy, 
in stomatitis and dyspepsia, in ill-fed tuberculous children, and from the administration 
of mercury; the gums are very tender, mastication is painful, and there is often consider- 
able feetor. The dental margin of the gum presents a finely stippled blue or blue-black 
line in cases of lead poisoning , due to the local deposit of black lead sulphide. In cases of 
bismuth poisonhig, such as may occur after the too generous use of insoluble bismuth 
salts in the surgical treatment of gunshot wounds, a very similar but more diffuse blue 
line due to the local deposit of black sulphide of bismuth may appear, together with 
patches of minute black dots about other parts of the mucous membrane of the 
mouth. The collection of tartar, which consists of the secretion from the gums mixed 
with fragments of food and salivary salts, may give rise to a condition known as pyorrhoea 
alveolaris, which is an inflammatory condition of the gums, followed by the gradual 
absorption of the alveolus and the falling out of the teeth. Fibrous tumours (epulis), 
myeloid growths, and epitheliomata are met with in the gums. 

The palate forms the roof of the mouth : it consists of two portions, the 
hard palate in front, the soft palate behind. 

The hard palate (palatum durum) (fig. 1060) is formed by the palatine 
processes of the maxillae and the horizontal parts of the palatine bones ; it is 
bounded in front and at the sides by the alveolar arches and gums ; behind, 
it is continuous with the soft palate. It is covered by a dense tissue, formed 
by the periosteum and mucous membrane, which are intimately connected. 
Along the middle line is a linear raphe which ends anteriorly in a small papilla 
underlying the incisive canal. On either side and in front of the raphe the 
mucous membrane is thick, pale in colour, and corrugated ; behind, it is thin, 
smooth, and of a redder colour : it is covered with stratified squamous epi- 
thelium, and furnished with numerous palatine glands which lie between the 
mucous membrane and the periosteum. 

The soft palate (palatum molle) (fig. 1074) is a movable fold, suspended 
from the posterior border of the hard palate, and forming an incomplete septum 
between the mouth and pharynx. It consists of a fold of mucous membrane 
enclosing an aponeurosis, muscular fibres, vessels, nerves, adenoid tissue, and 
mucous glands. When occupying its usual position (i.e. relaxed and pendent) 
its anterior surface is concave, and marked by a median raphe. Its posterior 
surface is convex, and continuous with the floor of the nasal cavities. Its 
superior border is attached to the posterior margin of the hard palate, and 
its sides are blended with the pharynx. Its inferior border is free. The lower 
portion of the soft palate hangs like a curtain between the mouth and the 
pharynx, and is termed the palatine velum. 

Hanging from the middle of its lower border is a small, conical process, the 
palatine uvula ; and arching lateralwards and downwards from the base of the 
uvula on either side are two curved folds of mucous membrane, containing 
muscular fibres, called the arches or pillars of the fauces (p. 1118). 

The mucous membrane of the soft palate is thin, and covered with stratified squamous 
epithelium, excepting near the pharyngeal ostium of the auditory tube, where it is 
columnar and ciliated. .Beneath the mucous membrane on the oral surface of the soft 
palate is a considerable amount of adenoid tissue. The palatine glands form a continuous 
layer on its posterior surface and round the uvula. 

Vessels and Nerves. — The arteries supplying the palate are the ascending palatine 
branch of the external maxillary artery, the descending palatine branch of the internal 
maxillary artery, and the palatine branch of the ascending pharyngeal artery. The veins 
end chiefly in the pterygoid and tonsillar plexuses. The lymphatic vessels pass to the 
deep cervical lymph-glands. The sensory nerves are derived from the palatine, naso- 
palatine and glossopharyngeal nerves. 

Applied Anatomy . — The occurrence of a congenital cleft in the palate has been already 
referred to as a defect in development (p. 82). After the operation for the closure of a 
cleft in the palate, the palatine muscles, especially the Tensor and Levator veli palatini, 
have a tendency to retard the healing process by active traction upon the line of suture. 
To obviate this, it is necessary to divide them. This is best done by making longitudinal 
incisions, on either side, parallel to the cleft and just medial to the pterygoid hamulus, 
in such a position as to avoid the descending palatine artery. Acquired perforations of 
the palate are almost invariably the result of the^ breaking down of syphilitic gummata. 
The ensuing ulceration may continue until practically the whole palate, both hard and 
soft, has been destroyed. Tumours of the palate, both innocent and malignant, are 
occasionally seen. 
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Paralysis of the soft palate often occurs after diphtheria. It gives rise to a change in 
the voice, which becomes nasal, and to the regurgitation of fluids down the nose when 
their swallowing is attempted. On inspection, the palate is seen to hang flaccid and 
motionless when phonation or deglutition is attempted ; it is also anaesthetic. 


The Salivary Glands (fig. 1055) 

Three pairs of salivary glands pour their secretion into the mouth : they 
are named the parotid, the submaxillary, and the sublingual glands. 

The parotid gland (figs. 1053, 1054), the largest of the three, has an 
average weight of about 25 gm. It lies upon the side of the face, immediately 
below and in front of the external ear. The main portion of the gland is super- 
ficial, somewhat flattened and quadrilateral in form, and is placed between 


Fig. 1053. — The right parotid gland. Posterior aspect. 
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the ramus of the mandible in front and the mastoid process and Sternocleido- 
m^stoxdeus behind, overlapping, however, both boundaries. Above, it is broad 
and reaches nearly to the zygomatic arch ; below, it tapers somewhat to about 
the level of a line joining the tip of the mastoid process to the angle of the 
mandible. The remainder of the gland (retromandibular process) is irregularly 
^edge-shaped and extends deeply inwards towards the pharyngeal wall. 

The gland is enclosed within a capsule continuous with the fascia colli 
(deep cervical fascia) ; the part covering the superficial surface of the gland 
is dense, closely adherent to the gland, and attached to the zygomatic arch ; 
a portion of the fascia, attached to the styloid process and the angle of the 
mandible, is thickened to form the stylomandibular ligament, which intervenes 
between the parotid and submaxillary glands. 

The anterior surface of the gland is grooved, being moulded on the posterior 
border of the ramus of the mandible, and on the posterior borders of the 
Lterygoideus internus^ and Masseter. The inner lip of the groove extends 
orwards for a short distance on the deep surface of the Pterygoideus internus ; 
the outer lip extends for some distance over the superficial surface of the 
iVIasseter, and a small portion of it immediately below the zygomatic arch is 
usually more or less detached, and is named the accessory part of the gland. 

' posterior surface is grooved longitudinally and abuts against the external 
a , c< ?j Sl}lc JneatuB, the mastoid process, and the anterior border of the Sterno- 
cleidomastoideus. 
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The superficial surface, slightly tabulated, is covered by the skin, the 
superficial fascia containing the facial branches of the great auricular nerve 
and some small lymph-glands, and by the fascia which forms the capsule 
of the gland. 

The deep surface extends inwards by means of two piwi.-s-e-. one of which 
lies on the Digastricus, styloid process, and the styloid group of muscles, and 
projects under the mastoid process and Sternoeleidomastoideus ; the other 
is situated in front of the styloid process, and sometimes passes into the 
posterior part of the mandibular fossa behind the mandibular joint. The deep 
surface is in contact with the internal carotid artery and the internal jugular 
vein. 

Structures within the gland . — The external carotid artery lies at first on 
the deep surface, and then in the substance of the gland. The artery gives 
off its posterior auricular branch, which emerges from the gland behind ; the 
artery then divides into the internal maxillary and superficial temporal arteries; 


Fig. 1054. — The right parotid gland. Medial aspect. 
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the former runs forwards deep to the neck of the mandible ; the latter runs 
upwards across the zygomatic arch and gives off its transverse facial branch, 
which emerges from the front of the gland. Superficial to the arteries are 
the superficial temporal and internal maxillary veins, uniting to form the 
posterior facial vein ; in the lower part of the gland this vein splits into an 
anterior and a posterior division. The anterior division emerges from the 
gland and unites with the anterior facial vein to form the common facial vein ; 
the posterior unites in the gland with the posterior auricular vein to form the 
external jugular vein. On a still more superficial plane is the facial nerve, the 
branches of 'which emerge from the borders of the gland. Branches of the great 
auricular nerve pierce the gland to join the facial nerve, and the cutaneous 
part of the auriculotemporal nerve issues from the upper part of the gland. 

The parotid duct (Stensen’s duct) (fig. 3055) is about 5 cm. long. It begins 
by numerous branches from the anterior part of the gland, crosses the Masseter, 
and at the anterior border of this muscle turns inwards nearly at a right angle, 
passes through the corpus adiposum of the cheek and pierces the Buccinator ; 
it then runs for a short distance obliquely forwards between the Buccinator 
and mucous membrane of the mouth, and opens upon a small papilla on the 
oral surface of the cheek opposite the second upper molar tooth. While crossing 
the Masseter it receives the duct of the accessory portion ; in this position it 
lies between the branches of the facial nerve ; the accessory part of the gland 
and the transverse facial artery are above it. 
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Structure. — The wall of the parotid duet is of considerable thickness, and consists of a 
thick external fibrous coat which contains unstriped muscular fibres, and an internal 
mucous coat which is lined with short columnar epithelium. Its canal is about the size 
of a crow-qi::! 1 . but at its orifice on the oral surface of the cheek its lumen is greatly 
red' seed h: sizv. 

Vessels and Nerves. — The arteries supplying the parotid gland are derived from the 
external carotid artery, and from the branches given off by that vessel in or near the 
gland. The veins empty themselves into the external jugular vein, through some of its 
tributaries. The lymphatics end in the superficial and deep cervical lymph-glands, 
passing in their course through two or three lymph-glands, on the surface and in the 
substance of the parotid gland. The nerves are derived from the facial, auriculotemporal 
and great auricular nerves and from the plexus of the sympathetic on the external caror-id 
artery. It is probable that the branch from the auriculotemporal nerve is derived from 
the glossopharyngeal nerve through the otic ganglion; at all events, in some of the lower 
animals this has been proved experimentally to be so. 

The submaxillary gland (fig. 1055) is irregular in form and about the size 
of a walnut. It consists of a larger, superficial part and a smaller deep part, 
which are continuous with one another around the posterior border of the 
Mylohyoideus. 


Fig. 1055. — A dissection showing the salivary glands of the right side. 



# The superficial part of the submaxillary gland is situated in the submaxillary 
triangle, reaching forwards to the anterior belly of the Digastricus and back- 
wards to the stylomandibular ligament, which intervenes between the sub- 
maxillary and parotid glands. Above, it extends under cover of the body of the 
mandible ; below, it usually overlaps the intermediate tendon of the Digastricus 
and the insertion of the Stylohyoideus. It has three surfaces, an inferior, a 
lateral, and a medial. 

The inferior surface is covered by the skin, Platysma, and deep cervical 
fascia. It is crossed by the anterior facial vein, and by some filaments of the 
facial nerve ; in contact with it near the mandible are the submaxillary lymph- 
glands. 
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The lateral surface is in relation with the sub maxillary depression on the 
inner surface of the body of the mandible, and with the lower part of the inner 
surface the Ptervgoideus interims. 

The medial surface is in relation with the Mylohyoideus, Hyoglossus, Stylo- 
glossus, Stylohyoideus, and posterior belly of the Digastriciis ; between it and 
the Mylohyoideus are the mylohyoid nerve and vessels. 

The external maxillary artery is embedded in a groove in the posterior 
border of the gland. 

The deep part of the submaxillary gland extends forwards as far as the 
posterior end of the sublingual gland, and lies between the Mylohyoideus below 
and externally and the Hyoglossus and Styloglossus internally ; above it are 
the lingual nerve and submaxillary ganglion ; below it, the hypoglossal nerve 
and its vena comitans. 

The submaxillary duct (Wharton’s duet) is about 5 cm. long, and its 
wall is much thinner than that of the parotid duct. It begins by "numerous 
branches in the superficial part of the gland, and runs with the deep part of 
the gland forwards between the Mylohyoideus and the Hyoglossus ; it then 
passes between the sublingual gland and the Genioglossus. and opens by a 
narrow orifice on the summit of a small papilla, ai t ho side of the frenulum 
linguae (fig. 1073). On the Hyoglossus it lies between the lingual and hypo- 
glossal nerves, but at the anterior border of the muscle it is crossed laterally 
by the lingual nerve ; the terminal branches of the lingual nerve ascend on its 
medial side. 


Vessels and Nerves. — The arteries supplying the submaxillary gland are branches of 
the external maxillary and lingual arteries. Its veins follow the" course of the arteries. 
The nerves are derived from the submnxillary rrengfirr. . through which it receives fila- 
ments from the chorda tympani of the branch of the mandibular 

nerve and the sympathetic. 

In the dog and cat the submaxillary gland receives its nerve-supply through Langley’s 
ganglion (p. 1100). 


The sublingual gland (fig. 1055) is the smallest of the three salivary 
glands. It is situated beneath the mucous membrane of the floor of the mouth, 
at the side of the frenulum 


Fig. 1056.- 
gland of 
x 200. 


-A section through the submaxillary 
a kitten. Duct semi diagrammatic. 


linguae, in contact with the 
sublingual depression on the 
inner surface of the mandible, 
close to the symphysis. It is 
narrow, flattened, shaped some- 
what like an almond, and weighs 
between 3 and 4 gms. It is in 
relation, above, with the mucous 
membrane of the mouth which 
it raises in the form of a crest, 
named the plica sublingualis ; 
below, with the Mylohyoideus ; 
in front, with its fellow of the 
opposite side; behind , with the 
deep part of the submaxillary 
gland; laterally , with the man- 
dible ; and medially, with the 
Genioglossus, from which it is 
separated by the lingual nerve 
and the submaxillary duct. Its 
excretory ducts are from eight 
to twenty in number. Of the 
smaller sublingual ducts (ducts 
of Bivinus), some join the sub- 
maxillary duct ; others open 

separately into the mouth, on the plica sublingualis. One or more join 
form the larger sublingual duct (duct of Bartholin), which opens with or near 
to the submaxillary duct. 



to 
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Vessels and Nerves. — The sublingual gland is supplied with blood by the sub- 
lingual and submental arteries. Its nerves are derived from the lingual and chorda 

tympani nerves, and from the 

Fig. 1057. A section through the parotid ’ * j n the clog and cat the sub- 

gland of a cat. X -00. lingual gland receives its nerve- 

supply through the subm axillary 
ganglion. 

Structure of the salivary 
glands. — The salivary glands are 
compound racemose glands, con- 
sisting of numerous lobes, which 
are made up of lobules, connected 
together by dense areolar tissue, 
vessels and ducts. Each lobule 
consists of the ramification of a 
single duct, the branches ending 
in dilated ends or alveoli on which 
the capillaries are distributed. 
The alveoli are enclosed by a 
basement-membrane, which is 
continuous with the membrana 
propria of the duct and consists 
of a network of branched and 
flattened nucleated cells. 

The alveoli of the salivary 
glands are of two kinds, serous 
and mucous, which differ in the 
nature of their secretion and in 
the appearance 'of their cells. 
(1) The mucous alveoli secrete a viscid fluid, which contains mucin ; (2) the serous 
secrete a thinner and more watery fluid. The sublingual gland consists of mucous, and 
the parotid gland of serous, alveoli. The submaxillary gland contains both mucous 
and serous alveoli (fig. 1058). 

The cells in the mucous alveoli are columnar in shape (fig. 1056), and in the fresh 
condition contain large granules of mucinogen. In hardened preparations a delicate 
protoplasmic network is seen, and the cells are clear and transparent. The nucleus is 
usually situated near the basement-membrane, and is flattened. 

In some alveoli peculiar crescentic bodies are seen between the cells and the 
basement-membrane. They are termed the crescents of Gianuzzi , or the demilunes of 
Eeidenhain (fig. 1056), and are composed of polyhedral granular cells. Fine canaliculi 
pass between the mucus-secreting cells to reach the demilunes and penetrate their cells. 

In the serous alveoli the cells almost completely fill the cavity in the resting condition 
of the gland, so that the lumen is barely perceptible; they contain granules imbedded 
in a closely reticulated protoplasm (fig. 1057). The cells are more cubical than those of 
mucous alveoli ; the nucleus of each 
is spherical and placed near the centre 
of the cell, and the granules are 
smaller. 

Both mucous and serous cells vary 
in appearance according to whether 
the gland is in a resting condition or 
has been recently active. In the 
former case the cells are large and 
contain many granules ; in the latter 
case the cells are shrunken and con- 
tain few granules, chiefly collected at 
the inner ends of the cells. The 
granules are best seen in fresh pre- 
parations. 

The ducts are lined at their origins 
by pavement epithelium, but as they 
enlarge, the epithelial cells change to 
the columnar type, and the part of 
the cell next the basement-membrane 
is finely striated. 

The lobules of the salivary glands 
are richly supplied with blood-vessels, 
which form a dense network in the . 

inter-alveolar spaces. Fine plexuses of nerves are also found in the interlobular tissue. 
The nerve-fibrils pierce the basement-membrane of the alveoli, and end in branched 
varicose filaments between the secreting cells. In the hilum of the submaxillary gland 
there is in some animals a collection of nerve cells termed Langley's ganglion . 


Fig. 1058. — A section through a human sub- 
maxillary gland. Stained with hematoxylin 
and eosin. x 300. 
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Accessory glands . — Besides the salivary glands proper, numerous other glands are 
found in the mouth. Some of these occur in the tongue ip. 1117); others lie around and 
in the palatine tonsil between its crypts, and large numbers are present in the soft palate, 
the lips and cheeks. These glands are of the same structure as the larger salivary glands, 
and are of the mucous or mixed type. 

Applied Anatomy . — The parotid glands, and much less often the other salivary glands, 
are liable to an acute infectious inflammation, known in the case of the parotid as mumps. 
The affected glands swell up, becoming tense, tender, and painful; much pain is felt 
when swallowing or mastication is attempted, and salivation may or may not occur. 
The inflammation goes down after a few days ; suppuration in the affected glands is very 
rare. 

The Teeth (Dentes) (figs. 1059 to 1062) 

Man is provided with two sets of teeth, which make their appearance at 
different periods of life. Those of the first set are temporary and appear 
during the first and second years ; they are called the deciduous or milk teeth. 
Those of the second set begin to replace the deciduous set about the sixth 
year ; they are all established by the twenty-fifth year, and, since they may 
continue until old age, are named the permanent teeth. 


Fig. 1059. — The teeth and jaws. Right lateral aspect. 



The deciduous teeth are twenty in number : four incisors, two canines, and 
four molars in each jaw. 

The permanent teeth are thirty-two in number : four incisors, two canines, 
four premolars, and six molars in each jaw. 

The dental formulae may be represented as follows : 

Deciduous Teeth. 


Upper jaw . 
Lower jaw . 


mol. can. in. j in. 

2 1 2 I 2 

~2 1 2 r 2~ 


can. mol. 

1 2 ) 

) Total 20 

1 2 j 


Permanent Teeth . 


mol. premol. can. in. in. can. premol. mol. 

cppr,;.,. SSI 2 21 J 

Lower jaw .3 2 1 2 2 1 2 3j 
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General characteristics. — Each tooth consists of three portions : the crown , 
projecting beyond the gum ; the root , imbedded in the alveolus ; and the neck, 
the constricted portion between the crown and the root. 

The roots of the teeth are firmly implanted in the alveoli of the maxillee 
and mandible. Each alveolus is lined by periosteum which invests the tooth as 
far as its neck, and is continuous above with the fibrous tissue of the gums. 

In consequence of the curve of the dental arch, terms such as anterior and 
posterior, if applied to the teeth, would be misleading and confusing. Special 
terms are therefore used to indicate the different surfaces of a tooth : the 
surface directed towards the lips or cheek is known as the labial or buccal sur» 
face ; that directed towards the tongue is described as the lingual surface ; 
those surfaces which touch neighbouring teeth are termed surfaces of contact . 
In the case of the incisor and canine teeth the surfaces of contact are medial 
and lateral ; in the premolar and molar teeth they are anterior and posterior. 

The superior dental arch is larger than the inferior, so that in the normal 
condition the teeth of the maxillee slightly overlap those of the mandible both 
in front and at the sides. The upper central incisors are wider than the lower, 
and the teeth of the upper and lower sets do not quite correspond to each 
other when the mouth is closed. Thus the upper canine tooth rests partly 
on the lower canine and partly on the first premolar, and the cusps of the 
upper molar teeth lie behind the corresponding cusps of the lower molar teeth. 
The dental arches, however, end at nearly the same points behind because the 
upper molars, especially the third, are smaller than the lower. 


The Permanent Teeth (figs. 1059 to 1062 


The incisor teeth are so named because they present sharp cutting 
edges, adapted for biting the food. They are eight in number, and form 

the four front teeth in each 

i ir i 

Fig. 1060. — The permanent teeth of the upper 
dental arch. Inferior aspect. 

Incisive canals 


Incisive foramen 


Foramina of 
y Scarpa 



Palatine process of 
maxilla 


Horizontal part of palatine bone 

m 

are conical and nearly cylindrical 
the lateral. 


dental arch. 

The crown of each is directed 
vertically, and is chisel-shaped, 
being bevelled so as to present 
a sharp horizontal cutting 
edge, which, before being sub- 
jected to attrition, presents 
three small prominent points 
separated by two notches. 
It is convex on its labial sur- 
face ; concave on its lingual 
surface, where, in the teeth of 
the upper arch, it is frequently 
marked by a V-shaped emi- 
nence, situated near the gum. 
This is known as the cingulum. 
The neck is constricted. The 
root is long, single, conical, 
transversely flattened, thicker 
in front than behind, and 
slightly grooved on either side 
in the direction of its length. 

The upper incisors are 
larger and stronger than the 
lower, and are directed ob- 
liquely downwards and for- 
Greater wards. They overlap the 
\ palatine foramen lower incisors and their free 
Lesser palatine foramen edges are consequently bevel- 
led at the expense of their 
lingual surfaces. Their roots 
The central upper incisors are larger than 
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The lower incisors are smaller than the upper. They are placed vertically 
and are somewhat bevelled in front, where they have been worn down by 
contact with the overlapping edges of the 

upper teeth. Their roots are flattened at Tig. 1061 . — The 7- teeth of 

the sides. The central lower incisors are the right half of the lower dental 

smaller than the lateral, and are the least of arc * 1 - Superior aspect, 

all the incisors. incisors 


The canine teeth (cuspids) are four in 
number, two in the upper, and two in the 
lower arch, one being placed lateral to each 
lateral incisor. They are larger and stronger 
than the incisors, and their roots sink deeply 
into the bones and cause well-marked pro- 
minences upon their surfaces. 

The crown of each is 
very convex on its labial 


Canine 


large and conical. 


tolars 


surface, a little 
hollowed and uneven on its lingual surface, 
and tapering to a blunted point or cusp, 
which projects beyond the level of the 
other teeth. The root is single, but longer 
and thicker than that of the incisors ; it is 
conical in form, and marked by a slight 
groove on either side. 

The upper canine teeth (popularly called 
eye-teeth) are larger and longer than the lower, 
and usually present a distinct cingulum. 

The lower canine teeth are placed nearer the 
middle line than the upper so that their sum- 
mits correspond to the intervals between the 
upper canines and lateral incisors. The roots 
of the lower canines are occasionally double. 

The bicuspid teeth or premolars are 
eight in number, four in each arch. They 
are situated lateral to and behind the canine 
teeth, and are smaller and shorter than these. 

The crown of each is compressed from before backwards, and surmounted 
by two pyramidal eminences or cusps, a labial and a lingual, separated by a 
groove. Of the two cusps the labial is the larger and more prominent. The 



Fig. 1062. — The permanent teeth of the right side. (Bure hard.) 



neck is oval. The root is generally single, but presents in front and behind a 
deep groove, which indicates a tendency in the root to become double* 
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The upper premolars are larger, and show a greater tendency to the division 
of their roots than the lower ; this is especially the case in the first upper 
premolar. The roots of the loiver premolars are nearly cylindrical. 

The molar teeth are the largest of the permanent set, and their broad 
crowns are adapted for grinding the food. They are twelve in number, six in 
each arch, three being placed behind each second premolar. 

The crown of each is nearly cubical in form, convex on its buccal and lingual 
surfaces, flattened on its surfaces of contact ; it is surmounted by four or five cusps 
or tubercles, separated from each other by a crucial depression ; hence the molars 
are sometimes termed multicuspids. The neck is distinct, large, and rounded. 

The upper molars. — As a rule the first of the upper molars is the largest, and 
the third the smallest. The crown of the first has usually four cusps ; that 
of the second, three or four ; that of the third, three. Each upper molar has. 
three roots, two of which are buccal, and nearly parallel to one another ; the 
third is lingual and diverges from the others as it ascends. The roots of the 
third molar (dens serotinus or wisdom-tooth) are more or less fused together. 

The lower molars. — The lower molars are larger than the upper. On the 
crown of the first there are usually five cusps ; on the crowns of the second and 

third, four or five. Each low r er molar has 
two roots, an anterior and a posterior,, 
which are curved backwards ; both roots 
are grooved longitudinally, indicating a 
tendency to division. The two roots of 
the third molar are more or less united. 


The Deciduous Teeth (fig. 1063 ) 

The deciduous or milk-teeth resemble 
in form the teeth which bear the same 
names in the permanent set ; they are, 
however, smaller and their necks are more 
constricted. The second molar is the 
largest of the deciduous teeth. The first 
upper molar has three cusps, the second 
has four. The first lower molar has four 
cusps ; the second has five. The roots of the deciduous molars are smaller 
than those of the permanent molars ; they are also more divergent, owing to 
the fact that the crowns of the permanent molars are lodged between them. 
The deciduous molars are replaced by the permanent premolars. 


Fig. 1063. — The deciduous teeth 
of the left side. 



The Structure of the Teeth 

On making a vertical section through a tooth (figs. 1064 to 1067), a cavity is seen in 
the crown and in the centre of each root ; it opens by a minute orifice at the extremity 
of the latter. This is called the pulp cavity , and contains the dental pulp, a loose con- 
nective tissue richly supplied with blood-vessels and nerves which enter the cavity 
through the small aperture at the point of each root. Some of the cells of the pulp are 
arranged as a layer on the wall of the pulp cavity ; they are named odontoblasts, and 
during the development of the tooth are columnar in shape, but after the dentine is fully 
formed they become flattened. Each sends a fine process into a canaliculus in the 
dentine. 

The solid portion of the tooth consists of (1) the ivory or dentine, which forms the bulk 
of the tooth ; (2) the enamel, which covers the exposed part of the crown ; and (3) a thin, 
layer of bone, the cement or crusta petrosa, which covers the root or roots. 

The dentine (substantia eburnea) (fig. 1067) is a modification of osseous tissue, from 
which it differs, however, in structure. On microscopic examination it is seen to consist 
of a number of minute wavy and branching tubes, the dental canaliculi, imbedded in a 
dense homogeneous substance, the matrix. 

* The dental canaliculi (fig. 1067) are placed parallel with one another, and open at their 
inner ends into the pulp cavity. In their course to the periphery they present two or 
three^ curves, and are twisted on themselves in a spiral direction. They vary in direction : 
thus m a tooth of the mandible they are vertical in the upper portion of the crown, beco min g 
obhque and then horizontal in the neck and upper part of the root, while towards the lower 
part; of the root they are inclined downwards. In their course they divide and subdivide,, 
and, especially in the root, give off minute branches, which join together in loops in the 
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matrix, or end blindly, Near the periphery of the dentine, the finer ramifications of the 
canalieuli terminate imperceptibly by free ends. The dental canalieuli have definite walls 
consisting of an elastic homogeneous membrane, the dentinal sheath of Neumann, which 
resists the action of acids ; they contain slender cylindrical prolongations of the odonto- 
blasts, named Tomes* fibres or dentinal fibres. 

The matrix is translucent, and contains the chief part of the earthy matter of the dentine. 
In it are a number of fine fibrils, which are continuous with the fibrils of the dental pulp. 
After the earthy matter has been removed by steepincr a tooth in weak add, the animal 
matter may be torn into lamina? which run pam-id v.itl- the pulp cavity, and across the- 


Fig. 1064. — A vertical section through a tooth 
in situ, x 15. 



e is placed in the pulp cavity, opposite the neck of the 
tooth ; the part above if is tlv? crown, that below is the root, 
1. Enamel with radial and roucentric markings. 2 Dentine 
with tubules and contour lines. 3. Cement or crusta 
petrosa, with bone-cells. 4. Dental periosteum. 5. Mandible. 


Fig. 1065. — A vertical section 
through a molar tooth. 



Fig. 1066. — A vertical section 
rbr^vcrh r. premolar tooth,. 



canalieuli. The planes separating these lamina? are indicated in a section of dry dentine 
by a series of somewhat parallel lines — the contour lines of Owen — composed of imperfectly 
calcified dentine. In consequence of the imperfection in the calcifying process, little 
irregular cavities are left, termed interglobular spaces (fig. 1067). A series of these spaces 
is found towards the outer surface of the dentine, -where they form a layer which is some- 
times known as the granular layer of Tomes. They have received their name from the fact 
that they are surrounded by minute nodules or globules of dentine. Other curved lines, 
the lines of Schreger , may be seen parallel to the surface ; they are due to the optical effect 
of simultaneous curvature of the dentinal fibres. 

Chemical composition. — According to Berzelius and von Bibra, dentine consists of 
28 parts of animal, and 72 parts of earthy, matter. The animal matter is converted, by 
boiling, into gelatin. The earthy matter consists of phosphate, carbonate, and a trace 
of fluoride, of calcium, phosphate of magnesium, and other salts ; over 80 per cent, of 
the earthy matter consists of calcium phosphate. 
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The enamel (substantia adamantina) is the hardest and most compact part of the 
tooth, and forms a thin crust over the exposed part of the crown, as far as the com- 
mencement of the root. It is thickest on the grinding surface of the crown, until worn 
away by attrition (fig. 1066), and becomes thinner towards the neck. The cement may 
overlap, or be overlapped by, the enamel, but they generally meet without overlapping. 
Sections usually show a series of brown lines which form acute angles with the contour of 
the underlying dentine. The enamel consists of minute rods termed enamel-fibres or enamel- 

prisms (prismata adamantina). They lie 
parallel with one another, their imier ends 
resting upon the dentine, ■which presents a 
number of minute depressions for their 
reception ; their outer ends form the free 
surface of the crown. The enamel-fibres 
are directed vertically on the summit of the 
crown, and more or less horizontally at the 
sides ; they are about 4/x in diameter, and 
pursue a somewhat wavy course. Each 
enamel-fibre is a six-sided prism and pre- 
sents numerous dark transverse shadings ; 
these shadings are probably due to the 
manner in which the columns are developed 
in successive stages, producing shallow con- 
strictions, as will be subsequently explained. 
Numerous minute interstices intervene be- 
tween the enamel-fibres near their dentinal 
ends. 

Chemical composition . — -Enamel consists 
of from 98 to 99 per cent, of earthy matter, 
and from 1 to 2 per cent, of animal matter. 
The earthy matter consists of phosphate of 
lime, with traces of fluoride and carbonate 
of calcium, phosphate of magnesium, and 
other salts. Tomes asserts that there is no 
animal matter in properly calcified enamel. 

The crusta petrosa or cement (substantia 
ossea) (figs. 1064, 1067), is disposed as a 
thin layer on the roots of the teeth, from 
the enamel to the apex of each root. In 
structure and chemical composition it re- 
sembles hone. It contains a few lacunae 
and canaliculi; the canaliculi of adjacent 
lacunae intercommunicate as in ordinary 
bone ; and those more deeply placed join 
with the adjacent dental canaliculi. Normal 
cement is non- vascular. 

As age advances, the cement* increases in thickness, and gives rise to bony growths 
or exostoses, common in the teeth of the aged. The pulp cavity also becomes partially 
filled up by a hard substance, intermediate in structure between dentine and bone ( secondary 
or adventitious dentine , Tomes) ; it appears to be formed by a slow conversion of the dental 
pulp, which shrinks, or disappears. 

Arteries . — The upper molars and premolars receive their blood supply from the posterior 
superior alveolar branch of the internal maxillary artery ; the upper canine and incisors 
from the anterior superior twigs of the infra- orbital artery. The lower teeth are supplied 
by the inferior alveolar branch of the internal maxillary artery. 

Nerves . — The superior alveolar branches of the maxillary nerve supply the upper, and 
the inferior alveolar branch of the mandibular nerve the lower, teeth. 

The lymphatics are described on p. 755. 


Fig. 1067. — A transverse section through 
a portion of the root of a canine tooth, 
x 300. (From Strieker’s Handbook of 
Histology.) 
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The Development oe the Teeth (figs. 1068 to 1071) 

In describing the development of the teeth, the mode of formation of the deciduous 
teeth must first be considered, and then that of the permanent teeth. 

The development of the deciduous teeth begins about the sixth week of foetal life as a 
shallow denial or labiotectal furrow in the epithelium covering the surface of the future jaw. 
Along the line of this furrow the epithelium grows into the subjacent mesoderm as a band 
of cells which splits into a medial (dentogingival) and a lateral (labiogingival) lamina (Bolk*). 
The labiogingival lamina ultimately separates the alveolar processes from the lips and 
cheeks. In the dentogingival lamina the enamel-organs of the teeth are developed, and 
hence it is usually known as the dental lamina or common dental germ. Bolk has pointed 

* L. Bolk, s Odontological essays/ Journal of Anatomy, vols. lv., lvi, lvii. 
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out that the dental lamina also forms the epithelium of the gums, on the inner surface of 
the alveolar ridge. The common dental genu forms a flat band of cells, which grows into 
the substance of the embryonic jaw, at first horizontally, and then, as the teeth develop, 
vertically, i.e. upwards in the upper jaw, and downwards in the lower jaw. While still 
maintaining a horizontal direction it has two edges - an attacked edge, continuous with the 
epithelium lining the mouth, and sl free edge , imbedded in the mesodermal tissue of the 
embryonic jaw. 

About the ninth week the dental lamina begins to develop enlargements along its 
free edge. These are ten in number in each jaw, and each corresponds with a future 
deciduous tooth. They consist of masses of epithelial cells ; and the cells of the deeper 
parts of each mass increase rapidly and spread in all directions. Each mass thus comes 
to assume the shape of a club, connected with the epithelial lining of the mouth by a narrow 
neck, embraced by mesoderm. These masses are now known as special dental germs. 
After a time the lower expanded portion of each mass inclines outwards, so as to form an 
angle with the superficial constricted portion, which is sometimes known as the neck of 
the special dental germ. About the tenth week the mesodermal tissue beneath the special 
dental germs becomes differentiated into papilla ; these come in contact with the special 
dental germs, which become folded over them like a hood or cap. There is, at this stage, a 


Fig. 106S. — A sagittal section through the first lower deciduous molar of a human 
embryo 30 mm. long, x 100. (Rose.) 



L.E.L. Labiogingival lamina, here separated from the dental lamina. M.E. Mouth-epithelium. 
P.p. Bicuspidate papilla, capped by the enamel germ. Z.L., placed over the shallow dental furrow, 
points to the dental lamina, which !< s-icv.-.d out below to form the enamel germ of the future tooth. 
Z.8. Condensed tissue f -rmi!:;: . . ii .-m-. 


papilla (or papillae) which has already begun to assume somewhat the shape of the crown 
of the future tooth, and from which the dentine and pulp of the tooth are developed, sur- 
mounted by a dome or cap of epithelial cells from which the enamel is derived. 

While these changes are going on, the dental lamina extends backwards behind the 
special dental germ of the second deciduous molar tooth, and about the seventeenth week 
of foetal life, it presents an enlargement, the special dental germ for the first permanent 
molar, soon followed by the formation of a mesodermal papilla for the same tooth. About 
the fourth month after birth a further extension backwards of the dental lamina occurs, 
with the formation of another special dental germ and its corresponding papilla for the 
second molar. The process is repeated for the third molar, the papilla of which appears 
about the fifth year of life. 

After the formation of the special dental germs, the dental lamina undergoes atrophic 
-changes and becomes cribriform, except on the lingual aspect of each of the special germs 
of the temporary teeth, where it undergoes a local thickening to form the special dental 
germ of each of the successional permanent teeth — i.e. the ten anterior ones in each jaw. 
Here the same process goes on as has been described in connexion with those of the de- 
ciduous teeth : that is, they recede into the mesoderm, behind the germs of the deciduous 
teeth. As they recede they become club-shaped, form expansions at their distal ends, 
and finally meet papillae which have been formed in the mesoderm. The apex of each 
papilla indents the dental germ which forms a cap for it, and becomes converted into the 
•enamel, while the papilla forms the dentine and pulp of the permanent tooth. 

The special dental germs consist at first of round or polyhedral epithelial cells. After 
the formation of the papillae, these cells undergo a differentiation into three layers. Those 
in contact with the papilla become elongated, and form a stratum of well-marked columnar 
•epithelium. These cells form the enamel-fibres, and are therefore termed enamel-cells or 
< imeloblasts . The cells of the outer layer of the special dental germ are cubical in form, and 
.are named the external enamel epithelium. The intermediate cells become stellate in shape 



1108 


SPLANCHNOLOGY 


and form a network into which fluid is secreted ; this has the appearance of a jelly, and to 
it the names of stellate reticulum or enamel-pulp are given. Between the stellate reticulum 
and the layer of ameloblasts there is a stratum intermedium consisting of two or three layers 
of round or polygonal cells. The special dental germ, thus transformed, is now named' the 
enamel-organ (fig. 1070). 


Fig. 1069. — A sagittal section through the canine tooth of an embryo 40 mm. 

long, x 100. (Bose.) 



L.F , Labiodental furrow. The other lettering as in fig. 10G8. 


Bolk(loc. cit.) has pointed out that in mammals, with one or two exceptions, the enamel- 
organ is, during a certain phase of development, connected with the common dental germ 
by a medial and a lateral enamel band, separated by what he names the enamel-niche. These 
two bands unite and convert the niche into a short tunnel which is filled with mesoderm, 
and is open posteriorly. The lateral enamel-band degenerates and is broken up into 
epithelial islets. 

While these changes are going on, a sac is formed around each enamel-organ from 
the mesodermal tissue. This is known as the dental sac, and is a vascular membrane of 


Fig. 1070. — A vertical section through the mandible of an early human foetus. 


)( nfa- farrc 


g, ,. ■ * 

He mains of ■ /: c o cm:. — Y‘-' '• »' $2 A 

' / - <n ~ A 


Secondary 



Meet-. /V carfllnye I 


' - Mandible 

. s 


coimective tissue. It encloses the whole tooth germ, and causes the neck of the enamel - 
° r ^ a 2c * ^trophy and disappear ; so that the connexion between the enamel-organ and the- 
superficial epithelium is severed. 

°A the en ? 7 ™ e {' — Tiie enamel is formed exclusively from the enamel-cells 
or ameloblasts of the special dental germ (fig. 1071), either by direct calcification of the- 
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columnar cells, which become elongated into the enamel -fibres, or, as is more generally 
believed, as a secretion from the ameloblasts, within which calcareous matter is subse- 
quently deposited. 

The process begins at the ends of the enamel-cells in contact with the dental papilla. 
Here a fine globular deposit takes place, being apparently shed from the ends of the amelo- 
blasts. It is known by the name of the ■ .*■■■■ m am! resembles keratin in its resistance 

to the action of mineral acids. This dropvi ilu-u b* fibrous and calcifies, and forms 
the first layer of the enamel ; a second droplet now appear* and calcific®. and so on ; 
successive droplets of keratin-like material are shed from • una-;>ibi:?sr- m.d i-wm successive 
layers of enamel, the ameloblasts gradually receding as each layer is produced, until at the 
termination of the process they have almost disappeared. The enamel-pulp c.v stellate 
reticulum and the stratum intermedium atrophy and disappear, so : hat ::u- ::«-w ly formed 
calcified material and the external enamel- 


epithelium come into apposition. The crown 
of the tooth is covered for a time by a 
distinct membrane, known as the cuticula 
dentis , or Nasmyth's membrane , and believed 
to be developed from the external enamel - 
epithelium. It forms a horny layer, which 
may be separated from the subjacent cal- 
cified mass by the action of strong acids. 


’iG. 1071. — A 1 igil 1 ;;d section 

through the low* par: a growing 

tooth, showing the extension of the 
layer of ameloblasts beyond the crown 
to mark off the limit of formation of 
the dentine of the root. (Rose.) 
«From Quain’s Elements of Anatomy.) 


It is marked by the hexagonal impressions Zi f ail . £ 
of the enamel-fibres, and when stained by , 

nitrate of silver, shows the characteristic 


lines of interepithelial cement. 

The formation of the dentine . — As before 


stated, the first germs of the dentine are 
the papillae, which grow upwards into the 
enamel-germs and become covered by them, 
both being enclosed in the dental sacs, in 
the manner above described. Each papilla 
then consists of round cells, and is very 
vascular, and soon begins to assume the 
shape of the future tooth. The next step is 
the appearance of the odontoblasts, which 
have a relation to the development of the 
teeth somewhat similar to that of the osteo- 
blasts to the formation of bone ; they are 
formed from the superficial cells of the 
papilla ; these cells become elongated, one 
end of the elongated cell resting against the 
epithelium of the special dental germs, 
the other being tapered and often branched. 
,Ry the direct transformation of the peri- 
pheral ends of these cells, or by a secretion 
from them, a layer of uncalcified matrix 
(prodentine) is formed, which caps the cusp, 
or cusps if there be more than one, of the 
papilla. This matrix becomes fibrillated, 
and in it islets of calcification make their 
appearance, and, coalescing, give rise to a 
continuous layer of calcified material which 



ad. Ameloblasts, continuous below with ep. sch., 
ie epithelial sheath, d. Dentine, en. Enamel. 
I, Odontoblasts, p. Pulp. 


covers each cusp and constitutes the first 

layer of dentine. The odontoblasts retire towards the centre of the papilla, and, as they 
do so, produce successive layers of dentine — that is to say, they form the dentinal matrix 
in which calcification subsequently takes place. As they recede from the periphery of the 
papilla, they leave behind them filamentous processes of cell-protoplasm ; these are sur- 
rounded by the calcified material, and thus the dental c-anal ivuli are formed ; the processes 
of protoplasm contained within these constitute the dentinal fibres (Tomes 5 fibres). The 
central part of the papilla does not undergo calcification, but persists as the pulp of the 
tooth. In certain places uncalcified portions of the matrix remain between the successive 
layers of dentine, and give rise to the interglobnlar spaces alluded to above. 

The formation of the cement . — The root of the tooth begins to he formed shortly before 
the crown emerges through the gum, but is not completed until some time afterwards. 
Its form is determined by 7 a downgrowth of the epithelium of the dental germ, which extends 
below 7 the region where the enamel is to be formed, almost as far as the situation of the 
apex of the future root (fig. 1071 ) ; this fold of epithelium is known as the epithelial sheath. 
The vascular, tissues of the dental sac then break through the epithelial sheath, and spread 
over the surface of the root as a layer of bone-forming material. In this layer osteoblasts 
make their appearance, and the process of ossification goes on as in the intramembranous 
ossification of bone. The remains of the epithelial sheath may sometimes be seen in thq 
adult as isolated groups of cells in the alveolodental periosteum. 
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The formation of the alveoli. — About- tlie fourteenth week of embryonic life the dental 
lamina is enclosed in a trough or groove of mesodermal tissue, which at first is common 
to all the dental germs, but subsequently is divided by septa into loculi, each loculus con- 
taining the special dental germ of a deciduous tooth and its corresponding permanent tooth. 
After birth each cavity becomes subdivided, so as to form separate loculi for each deciduous 
tooth and its corresponding permanent tooth. Although at one time the whole of the 
growing tooth is contained in the cavity of the alveolus, the latter never completely encloses 
it, since there is always an aperture over the top of the crown filled by soft tissue, by which 
the dental sac is connected with the surface of the gum, and which in the permanent teeth 
is called the giibernaculimi dentis. 

The development of the permanent teeth.— Development ally considered the permanent 
teeth may be divided into two sets. : (1) the snccessional permanent teeth which replace the 
deciduous teeth, and, like them, are ten in number in each jaw ; and (2) the superadded 
permanent teeth which have no deciduous predecessors, but are developed behind the 
temporary molars. The superadded permanent teeth are the three permanent molars, 
the molars of the deciduous set being replaced by the permanent premolars. During their 
development the successional permanent teeth, enclosed in their sacs, are placed on the 
lingual side of the deciduous teeth, but are separated from them by bony partitions. As 
the crown of the permanent tooth grows, absorption of the bony partition and of the root 
of the deciduous tooth takes place, through i!u- agency of osteoclasts which appear at this 
time, and finally nothing but the crown of the deciduous tooth remains. This is shed or 
removed, and the permanent tooth takes its place. 

The superadded permanent teeth are developed in the manner already described, by 
extensions backward of the posterior part of the dental lamina in each jaw (p. 1107). 

The eruption of the teeth . — When the calcification of the different tissues of 
the tooth is sufficiently advanced to enable it to bear the pressure to which it 
will be subjected, eruption takes place, the tooth making its way through 
the gum. The eruption of the deciduous teeth commences about the seventh 
month after birth, and is completed about the end of the second year, the 
teeth of the lower jaw preceding those of the upper. 


Fig. 1072. — The teeth of a child aged about seven years. 



Cf. S. Tomes gives the following as the most usual times of eruption of the 
deciduous teeth : 


Lower central incisors 

Upper incisors 

Lower lateral incisors and first molars 

Canines 

Second molars . 


6 to 9 months 

8 to 10 months 

. 15 to 21 months 

. 16 to 20 months 

. 20 to 24 months 
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There are, however, considerable variations in these times. According to 
Holt : a child at the age of one year should have six teeth ; at the age of a 
year and half, twelve teeth ; at the age of two years, sixteen teeth ; and 
at the age of two and a half years, twenty teeth. 

Calcification of the permanent teeth proceeds in the following order in 
the lower jaw (in the upper jaw it takes place a little later) : the first molars, 
soon after birth ; the incisors, and canines, about six months after birth ; 
the premolars, at the second year, or a little later ; the second molars, about 
the end of the second year ; the third molars, about the twelfth year. 

The eruption of the permanent teeth takes place at the following periods, 
the teeth of the lower jaw preceding those of the upper by short intervals : 


First molars 
Two central incisors 
Two lateral incisors 
First premolars 
Second premolars 
Canines 

Second molars . 
Third molars 


6th year 
7 th year 
8th year 
9th year 
10th year 
. 11th to 12th year 
. 12th to 13th year 
. 17th to 25th year 


Towards the sixth year, before any of the deciduous teeth are shed, there 
are twenty-four teeth in each jaw, viz. the ten deciduous teeth and the crowns 
of all the permanent teeth except the third molars (fig. 1072). 


Applied Anatomy . — As a consequence of local irritation or of chronic digestive dis- 
turbances occurring during their eruption, both the deciduous and the permanent teeth 
may show defective development or irregular transverse furrows and erosions; this is 
particularly the case with the incisors. A characteristic malformation of the two upper 
central permanent incisors is seen in patients with inherited syphilis, and was first described 
by Hutchinson. Here there is a crescentic notch in the anterior surface and at the cutting 
edge of the tooth, which is peg-shaped, stunted, and set obliquely in the gum, pointing 
either medialwards or lateralwards. 

Numerous forms of innocent tumour arising from the teeth, or from their constituent 
layers, have been described under the general name of odontoma . 

Infection of the pulp of a tooth by bacteria gaining access thereto in consequence of 
dental caries gives rise to the common and very painful alveolar abscess ; starting in the 
apical space between the root of the tooth and its alveolar socket, -the pus from such an 
abscess may make its way into the maxillary antrum, or burst through the hard palate or 
cheek. A more superficial abscess forming between the root of a tooth and the gum is 
known as a gum-boil. 


The Tongue (Lingua) 

The tongue, a muscular organ intimately associated with the functions of 
taste, speech and deglutition, is situated partly in the mouth, and partly in 
the pharynx. It is attached to the hyoid bone by the Hyoglossi, to the man- 
dible by the Genioglossi, to the styloid processes by the Stylopharyngei, and 
to the soft palate by the Glossopalatini ; it also gives origin to a few fibres 
of the Constrictor pharyngis superior. It possesses a root, an apex, a curved 
dorsum, and an inferior surface. 

The root of the tongue is attached to the hyoid bone and the mandible, 
and between these hones is in contact with the Geniohvoidei and the Mylo- 
hyoidei. The dorsum is convex from before backwards, and from side to side, 
and is divided into a superior and a posterior part by a V-shaped furrow, the 
sulcus terminalis, the limbs of which run lateralwards and forwards from a 
median pit, the foramen caecum, to the glossopalatine arches. The foramen 
caecum marks the site of the upper end of the thyreoid diverticulum (p % 134), 
and the sulcus terminalis serves as the boundary between the oral part or 
anterior tw r o-thirds, and the pharyngeal part or posterior one-third, of the 
tongue. These two parts differ in their development and nerve-supply. 

The oral part of the tongue is placed in the cavity and floor of the mouth 
its apex rests against the incisor teeth ; its borders are free and in contact 
with the gums and teeth ; its superior surface is in x elation with the hard and 
soft palates. On each border, just in front of the Glossopalatine arch, are 
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four or five vertical folds, the folia linguae, which represent the papillae foliatae 
of the rabbit's tongue. The mucous membrane on the superior surface of the 
oral part is marked by a median furrow (fig. 1074), is intimately adherent to 
the subjacent muscle, and is covered with papillae. The mucous membrane 
on the inferior surface is smooth, and of a purplish colour ; it is reflected from 
the tongue to the floor of the mouth and the gums. In the middle line it is 
raised into a crescentic fold, the frenulum linguae , at each side of which is the 
opening of the submaxillary duct. Lateral to the frenulum, the lingual vein 
is seen shining through the mucous membrane, and at the lateral side of the 
vein there is a fringed fold of mucous membrane, named the plica fimbria ta, 
which is directed forwards and medialwards towards the apex. The oral part 


Fig. 1073. — The cavity of the mouth. The apex of the tongue is turned upwards, 
and on the right side a superficial dissection of its under surface has been made. 



of the tongue is developed from the lingual swellings of the mandibular arch, 
and to a small extent from the tuberculum impar (p. 134). Its nerve of ordinary 
sensation is the lingual ; its nerve of taste, the chorda tympani. 

The pharyngeal part of the tongue lies behind the glosso -palatine arches 
and the isthmus faucium ; its posterior surface (sometimes named the base of 
the tongue) forms the anterior wall of the oral part of the pharynx. The 
mucous membrane covering it is reflected laterally on to the tonsils and the 
pharyngeal wall, and posteriorly on to the epiglottis, where it forms a median 
(giosso-epiglottic) fold, and two lateral (pharyngo- epiglottic) folds. It is devoid 
of papillae, but exhibits a number of low elevations, due to the presence of 
underlying nodules of lymphoid tissue, which are imbedded in the submucous 
tissue, and collectively constitute the lingual tonsil. The pharyngeal part of 
the tongue is developed from the copula, which is formed by the forward growth 
and fusion of the ventral ends of the second and third visceral arches (p. 134). 
I s nerves of ordinary sensation, and of taste are derived from the glosso- 
pharyngeal. 
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The papillce of the tongue (fig. 1074) are projections of the coriurn. They 
are thickly distributed over the anterior two-thirds of the dorsum, giving to 
this part its characteristic roughness. They are grouped under the terms 
papillae vallate, papillae fungiformes, papillae conicae, and papillae simplices. 

The papillce vallatce (fig. 1075) are of large size, and vary from eight to 
twelve in number. They are situated on the dorsum of the tongue, and form 
a V-shaped row immediately in front of and parallel with the sulcus terminaiis. 
Each papilla is from 1 mm. to 2 mm. in diameter, and is attached within a 


Fig. 1074. — The cavity of the mouth. The cheeks have been slit transversely 
and the tongue pulled forwards. 



circular depression of the mucous membrane ; each depression is surrounded 
by a wall (vallum), and between this and the papilla is a circular sulcus, or 
fossa. The papilla is shaped like a truncated cone, the smaller end being 
attached to the tongue ; the broader end projects a little above the surface 
of the tongue, and is studded with numerous small secondary papillae subjacent 
to the epithelial layer. The entire papilla and the surrounding fossa and vallum 
are covered by stratified squamous epithelium. 

The papillce fungiformes (fig. 1076), more numerous than the preceding, are 
found chiefly at the sides and apex of the tongue, but are scattered irregularly 
and sparingly over the dorsum. They are easily distinguished from the papillae 
conicae by their large size, round shape, and deep red colour ; each exhibits 
secondary papillae beneath the epithelium. On the sides of the tongue they 
are somewhat flattened, and are named papillce lenticulares. 
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Pig. 1075. — A vertical section through a human papilla 
vallata. Stained with hsematoxylin and eosin. x 15. 


The papillce conicce (fig. 1077) cover the anterior two-thirds of the dorsum 
of the tongue. They are very minute, conical or cylindrical in shape, and 

arranged in rows which run 
parallel with those of the 
papillae vallatae, excepting at 
the apex of the tongue, where 
their direction is transverse. 
The papillae conicae present 
numerous secondary connec- 
tive tissue papillae, but these 
are more pointed and contain 
a larger proportion of elastic 
fibres than the secondary 
papillae vallatae and papillae 
fungiformes. The epithelium 
covering the papillae conicae 
may be split up into fila- 
mentous processes, each of 
which forms the apex of one 
of the secondary papillae ; 
these processes are of a whit- 
ish tint, owing to the thick- 
ness and density of the 
epithelium, the cells of which 
are elongated and cornified. 

The papillce simplices are 
similar to those of the skin, 
and cover the whole of the 
mucous membrane of the tongue, as well as the larger papillae. They consist 
of closely set microscopic elevations of the corium ; each contains a capillary 
loop, and is covered by epithelium. 



Fig. 1076. — A section through a fungi- 
form papilla from the human tongue. 
Stained with hematoxylin and eosin. 
x 15. 


Fig. 1077. — A section through two 

conical papilla* from the human 
tongue. Stained with hematoxylin 
and eosin. X 15. 



The muscles of the tongue. — The tongue is divided into right and left 
halves by a median fibrous septum which is fixed below to the hyoid bone. In 
either half there are two sets of muscles, extrinsic and intrinsic ; the former 
have their origins outside the tongue, the latter are contained within it. 
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The extrinsic muscles (fig. 1078) are : 

Genioglossus. Chondroglossus . 

Hy oglossus . Styloglossus . 

Glossopalatinus.* 

The Genioglossus is a triangular muscle placed close to and parallel with 
the median plane. It arises by a short tendon from the superior mental spine 
on the inner surface of the symphysis of the mandible, just above the origin of 

Fig. 1078. — The left extrinsic muscles of the tongue. Lateral aspect. 



the Geniohyoideus, and spreads out in a fan-like form. The inferior fibres 
are attached by a thin aponeurosis to the upper part of the body of the hyoid 
bone, a few passing between the Hyoglossus and Chondroglossus to blend with 
the Constrictores pharyngis ; the middle fibres pass backwards, and the 
superior ones upwards and forwards, to enter the whole length of the under 
surface of the tongue, from the root to the apex. The muscles of opposite 
sides are separated posteriorly by the septum of the tongue (p. 1117) ; in 
front, they are more or less blended owing to the decussation of fasciculi in 
the median plane. 

Nerve-supply. — The Genioglossus is supplied by the hypoglossal nerve. 

Actions. — The Genioglossus draws the tongue forwards and protrudes the apex 
through the mouth. The two muscles acting in their entirety draw the median part 
of the tongue downwards so as to make the superior surface concave from side to side. 

The Hyoglossus, thin and quadrilateral, arises from the whole length of 
the greater cornu, and from the front of the lateral part of the body, of the 
hyoid bone ; it passes almost vertically upwards and enters the side of the 
tongue, between the Styloglossus and Longitudinalis linguae inferior. The fibres 
arising from the body of the hyoid bone overlap those from the greater cornu. 

Relations. — The Hyoglossus is in relation by its superficial surface with the Digastricus, 
the Stylohyoideus, Styloglossus, and Mylohyoideus, the submaxillary ganglion, the lingual 

* The Glossopalatinus (Palatoglossus), although one of the muscles of the tongue, is more 
closely associated with the soft palate both in situation and function ; it is consequently described 
with the muscles of that structure (p. 1120). 
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nerve, the hypoglossal nerve and its vena comitans. the ranine vein, the sublingual gland, 
the deep portion of the submaxillary gland, and the submaxillary duct. By its deep 
surface it is in relation with the stylohyoid ligament, the Genioglossus, the Longitudinalis 
linguse inferior, and the Constrictor pharyngis medius, the lingual vessels, and the glosso- 
pharyngeal nerve. 

Nerve-supply. — The Hyoglossus is supplied by the hypoglossal nerve. 

Action. — The Hyoglossus depresses the tongue. 

The Chondroglossus is sometimes described as a part of the Hyoglossus, 
but it is separated from that muscle by fibres of the Genioglossus which pass to 
the side of the pharynx. It is about 2 cm. long, and arises from the medial 
side and base of the lesser cornu and contiguous portion of the body of , the 
hyoid bone ; it ascends and blends with the intrinsic muscular fibres of the 
tongue, between the Hyoglossus and Genioglossus. 

A small slip arises occasionally from the cartilago triticea in the lateral 
hyothyreoid ligament and enters the tongue with the hindermost fibres of 
the Hyoglossus. 

Nerve-supply. — The Chondroglossus is supplied by the hypoglossal nerve. 

Action. — The Chondroglossus assists the Hyoglossus in depressing the tongue. 

The Styloglossus, the shortest and smallest of the three styloid muscles,, 
arises from the anterior and lateral surfaces of the styloid process, near its apex, 
and from the stylohyoid ligament. Passing downwards and forwards, it 
divides upon the side of the tongue into two portions ; one, longitudinal, 
enters the side of the tongue near its dorsal surface, blending with the fibres 
of the Longitudinalis linguse inferior in front of the Hyoglossus ; the other, 
oblique, overlaps the Hyoglossus and decussates with its fibres. 

Nerve-supply. — The Styloglossus is supplied by the hypoglossal nerve. 

Action. — The Styloglossus draws the tongue upwards and backwards. 

The intrinsic muscles (fig. 1079) are : 

Longitudinalis linguse superior. Transversus linguse. 

Longitudinalis linguse inferior. Verticalis linguse. 

The Longitudinalis linguse superior is a thin stratum of oblique and 

longitudinal fibres immediately 
underlying the mucous membrane 
on the dorsum of the tongue. It 
arises from the submucous fibrous 
layer close to the epiglottis, and 
from the median fibrous septum, 
and runs forward to the edges of 
the tongue, some of its fibres 
being inserted into the mucous 
membrane. 

The Longitudinalis linguae 
inferior is a narrow band situated 
on the under surface of the tongue 
between the Genioglossus and 
Hyoglossus. It extends from the 
root to the apex of the tongue, 
some of its posterior fibres being 
connected with the body of the 
hyoid bone ; in front it blends 
with the fibres of the Styloglossus. 

The Transversus linguae 
consists of fibres which arise from 
the median fibrous septum and 

a. Lingual artery. 6. , tt-,. P ass lat eralwards to be inserted 

glossus. d. Styloglossus. e. Jn.--.-rrion o i T ran-v into the Sub'mUCOUS fibrOUS tissue 

/. Longitudinalis superior, g. Papillae of tongue, h. .i fi,, • e 

Vertical fibres of Genioglossus intersecting Transversus. *he Sides of the tongue. 

1Septum * The Verticalis linguae is 

found at the borders of the fore 
part of the tongue. Its fibres extend from the upper to the under surface of 
the organ. 


Fig. 1079. — A coronal section through the 
tongue, showing the intrinsic muscles. 
(Altered from Krause.) 
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Applied Anatomy . Owing to the presence of the median fibrous septum of the tongue, 
the anastomosis between the two lingual arteries is not very free. This is a point of con- 
siderable importance in connexion with removal of one-half of the tongue, an operation 
not infrequently resorted to for malignant disease. If the mucous membrane be divided 
exactly in the middle line, the tongue can be split into halves, without any appreciable 
haemorrhage, and the diseased half can then be removed. ’ ' 

Nerve-supply. — The intrinsic muscles of the tongue are supplied bv the hypo- 
glossal nerve. 

Actions. — The intrinsic muscles are mainly concerned in altering the shape of 
the tongue ; thus, the Longitudinales linguae superior et inferior tend to shorten it, 
but the former, in addition, turns the tip and sides upwards so as to render the 
dorsum concave, while the latter pulls the tip downwards and renders the dorsum 
convex.. The Transversus linguae narrows and elongates the tongue, and the 
Yerticalis linguae flattens and broadens it. The complex arrangement of the lingual 
muscles enables the tongue to assume the forms necessary for the production of the 
different consonantal sounds ; and Macalister * says 4 there is reason to believe 
that the musculature of the tongue varies in different races owing to the hereditary 
practice and habitual use of certain motions required for enunciating the several 
vernacular languages . 5 

Structure of the tongue. — The tongue consists chiefly of muscular tissue, but is partly 
invested by mucous membrane and a submucous fibrous layer. 

The mucous membrane covering the under surface of the tongue is thin, smooth, and 
identical in structure with that lining the rest of the oral cavity. The mucous membrane 
of the pharyngeal part of the dorsum of the tongue is thick and freely movable over the 
subjacent parts. It contains a large number of follicles of lymphoid tissue ; each follicle 
forms a rounded eminence, in the centre of which is a minute orifice leading into a funnel- 
shaped cavity or recess ; around this recess are grouped numerous round or oval nodules 
of lymphoid tissue, each enveloped by a capsule derived from the submucous fibrous layer, 
while opening into the bottom of the recess are also seen the ducts of mucous glands. The 
mucous membrane on the oral part of the dorsum of the tongue is thin, intimately adherent 
to the muscular tissue, and covered with numerous papillce (p. 1113). It consists of a layer 
of connective tissue, the corium or mucosa , covered with epithelium. 

The epithelium is of the stratified squamous variety, similar to, but much thinner and 
less complex than that of the skin ; it invests each papilla from root to summit. 

The corium consists of a dense felt- work of fibrous connective tissue, with numerous 
elastic fibres, firmly united with the fibrous tissue between the muscular bundles of the 
tongue. It contains the ramifications of the numerous vessels and nerves from which 
the papillae are supplied, large plexuses of lymphatic vessels, and the glands of the tongue. 

Glands of the tongue. — The tongue is provided with mucous and serous glands. 

The mucous glands are similar in structure to the labial and buccal glands. They are 
numerous in the posterior one- third of the tongue, i.e. behind the papillae vallatae, but are 
also present at the apex and margins. In this connexion the anterior lingual glands (glands 
of Blandin or Nuhn) require special notice. They are situated on the under surface of 
the apex of the tongue (fig. 1073), one on either side of the frenulum, where they are 
covered by the mucous membrane and by a fasciculus of muscular fibres derived from the 
Styloglossus and Longitudinalis inferior. They are from 12 mm. to 20 mm. long, and about 
8 mm. broad ; each consists of mucous and serous alveoli, and opens by three or four ducts 
on the under surface of the apex of the tongue. 

The serous glands occur only at the back of the tongue in the neighbourhood of the 
taste-buds, their ducts opening for the most part into the fossae of the papillae vallatae. 
These glands are racemose ; the duct of each branches into several minute ducts, which 
end in alveoli lined by a single layer of more or less columnar epithelium. Their secretion 
is of a watery nature, and probably assists in distributing the substance to be tasted over 
the taste area (Ebner). 

The septum of the tongue is a median fibrous partition which extends throughout the 
length of the organ, but does not quite reach the dorsum ; it gives origin to the Transversus 
linguae, and is well displayed in a coronal section of the tongue. Posteriorly it expands in 
a transverse direction and forms what is known as the hyoglossal membrane ; this membrane 
connects the root of the tongue to the hyoid bone, and gives insertion to the inferior fibres 
of the Genioglossi. 

Taste-buds , the end-organs of the gustatory sense, are scattered over the mucous 
membrane of the mouth and tongue at irregular intervals. They occur especially in the 
sides of the papillae vallatae. They are described under the organs of the senses (p. 983). 

Vessels and Nerves. — The main artery of the tongue is the lingual branch of the external 
oarotid artery, but the external maxillary and ascending pharyngeal arteries also give 
branches to it. The veins open into the internal jugular vein. 

The lymphatics of the tongue are described on pp. 756, 757. 

* Text-book of Human Anatomy , 1889. 
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The sensory nerves of the tongue are : (1) the lingual branch of the mandibular nerve,, 
which is the nerve of ordinary sensibility for the anterior two-thirds of the tongue ; (2) the- 
chorda tympani branch of the facial nerve, which runs in the sheath of the lingual nerve, 
and is generally regarded as the nerve of taste for the anterior two-thirds ; this nerve is 
derived from the sensory root of the facial (nervus intermedius) ; (3) the lingual branch of 
the glossopharyngeal nerve, which is distributed to the mucous membrane at the base 
and sides of the tongue, and to the papillae vallatse, and is the nerve of taste and of general 
sensation for this region ; (4) the superior laryngeal nerve, which sends some fine branches, 
to the part near the epiglottis. 

Applied Anatomy . — Congenital cysts and fistulse may develop from persistent remains- 
of thyreoglossal duct (p. 134). 

In the event of the lingual artery being accidentally injured, haemorrhage can be at- 
once controlled by passing the forefinger over the tongue until it touches the epiglottis, 
and then turning it towards the side on which the artery is to be compressed, and pushing 
it forcibly against the mandible (Heath). 

It is the attachment of the Genioglossi to the mental spines on the inner surface of the 
symphysis menti which prevents the tongue from falling back and obstructing respira- 
tion, and, therefore, anaesthetists always pull forward the mandible and so get the full 
benefit of this action of these muscles. When in the course of an operation for the removal 
of cancer of the tongue, these attachments of the Genioglossi are divided, it is necessary 
to put a suture through the stump of the tongue to hold it forwards. 

A consideration of the lymphatics of the tongue (pp. 756, 757) will indicate the extent of 
the operation necessary for the removal of cancer of the tongue. 


The Fauces (fig. 1074) 

The aperture by which the mouth communicates with the pharynx is called 
the isthmus faucium. Above, it is bounded by the soft palate ; below, by the 
dorsum of the tongue ; and, at the sides, by the glossopalatine arches. 

The glossopalatine arch (anterior pillar of the fauces) runs downwards, 
lateralwards, and forwards on either side from the inferior surface of the 
soft palate to the side of the tongue, and is formed by the projection of the 
Glossopalatinus (p. 1120) with its covering mucous membrane. 

The pharyngopalaiine arch (posterior pillar of the fauces) lies behind and 
projects farther towards the middle line than the glossopalatine arch ; it runs 
downwards, lateralwards, and backwards from the margin of the uvula to 
the side of the pharynx, and is formed by the projection of the Pharyngo- 
palatinus (p. 1121), covered by mucous membrane. On either side the arches 
are separated below by a triangular recess, the sinus tonsillaris , in which the 
palatine tonsil is lodged. 

The palatine tonsils (fig. 1074) are two masses of lymphoid tissue, situated 
in the lateral walls of the oral part of the pharynx. Each tonsil occupies the 
lower part of the sinus tonsillaris between the glossopalatine and pharyngo- 
palatine arches ; the upper part of the sinus is known as the supratonsillar 
fossa . A crescentic or triangular fold of mucous membrane, within which 
is a layer of fibrous tissue continuous with the capsule of the tonsil, passes 
backwards from the glossopalatine arch. The upper part of this fold, termed 
the plica semilunaris or plica supratonsillaris, stretches between the two arches 
and forms the medial wall of the supratonsillar fossa ; the lower part of the 
fold, named the plica triangularis , forms the medial wall of the anterior and 
lower parts of the sinus tonsillaris ; it overlaps, and is frequently adherent 
to, the tonsil. The tonsil extends forwards for a variable distance under 
cover of the plica triangularis and the glossopalatine arch, and upwards around 
the supratonsillar fossa and into the soft palate. A considerable part of the 
tonsil is therefore below the level of the surrounding mucous membrane (i.e. 
imbedded), while the remainder projects as the visible tonsil. In the child 
the tonsils are relatively (and often absolutely) larger than in the adult, and 
about one-third of the tonsil is imbedded (Hett and Butterfield *). After 
puberty the imbedded portion diminishes considerably in size, and the tonsil 
assumes a disc-like form, flattened from side to side ; the shape and size of 
the tonsil, however, vary considerably in different persons. 

The free surface of the tonsil presents from twelve to fifteen orifices leading 
into small crypts or recesses from which numerous follicles branch out into 
the tonsillar substance. 

* G. Seceombe Hett and H. G. Butterfield, Journal of Anatomy and Physiology , vol. xliv. 
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normal conditions in different persons and at different ages should be kept in mind when 
the chest is being examined. On inspection the thorax will be seen to be enlarged and 
barrel-shaped in emphysema, in which the volume of the lungs is increased by dilatation 
of their alveoli, or in an acute attack of asthma, or when a large pleural effusion or medi- 
astinal tumour is present. The chest- wall will be flattened or sunken, on the other hand, 
over an area of lung that has collapsed or become fibrosed, as often happens in chronic 
pulmonary tuberculosis. The respiratory movements of the chest-wall will be lessened, 
or even absent, over a part or the whole of the affected side in such acute disorders, as 
pleurisy, pneumonia, or pleural effusion, or in more chronic disease where the underlying 
lung is fibrosed, or is crushed to one side by a mediastinal tumour; and by the use of the 
ai-rays a corresponding loss of movement or displacement of the Diaphragm on the affected 
side can often be observed. Under normal conditions the intercostal spaces are a little 
depressed ; but when a large effusion or new growth fills up one of the pleural cavities 
they may be obliterated or even bulging on that side. 

On palpation the hand can be used to verify the eye’s impressions as to the degree 
of movement, on respiration, of any part of the chest-wall. The facility with which the 
vibrations produced by the voice are conducted from the larynx by the underlying lung 
to the hand (in the form of vocal fremitus) can also be tested. The vocal fremitus is com- 
monly much increased over the consolidated area in pneumonia or in fibrosis of the lung, 
and much diminished over a pleural effusion when the lung is pushed up by the fluid 
towards the top of the pleural cavity. It is also diminished, but to a less extent, in 
emphysema, and in bronchitis when the bronchi are blocked by secretion. In bronchitis 
the bubbling of the secretion in the tubes can often be felt by a hand placed on the chest- 
wall as the patient breathes ; and in chronic pleurisy the friction of the two roughened 
pleural surfaces against one another can sometimes be felt in the same way. It must be 
remembered that the vocal fremitus in front and behind is normally greater at the right 
apex than the left. This is because the apex of the right lung lies in close contact with 
the trachea, while the apex of the left lung is separated from it by the oesophagus and 
other structures. 

On percussion , the normal resonance of the pulmonary tissue is found to be increased 
in emphysema, and in pneumothorax (p. 1080) hvpor-ivsciifii'.cic may be still further 
increased. The resonance is lessened in any condition causing collapse or solidification 
of the lung-tissue, or when its place is taken by fluid (pleural effusion) or some solid 
growth (mediastinal tumour). Thus dulness on percussion at the bases of the lungs is 
common in the hypostatic congestion of the bases seen in heart-failure ; dulness at the 
right base is often due to compression of the lung by enlargement of the liver; some 
dulness at the apex of a lung is frequently met with in tuberculosis of that part, before the 
disease has progressed very far. Complete dulness over one side of the chest, back and 
front alike, except at the apex, is common when a large pleural effusion has taken the 
lung’s place. Von Koranyi, G-roeco, and others have' drawn attention to a triangular 
patch of dulness along the vertebral column (the paravertebral triangle of dulness) on the 
unaffected side in pleural effusion ; this triangle of dulness is said to be absent in other 
conditions causing loss of pulmonary resonance on percussion, and is due to shifting over 
of the contents of the posterior mediastinal cavity towards the sound side. The apex of 
this triangle is in the middle line at the upper level of the fluid effusion; its base, some 
5 cm. to 10 cm. in length, runs horizontally outwards from the middle line at the level 
where the pulmonary resonance normally comes to an end. 

On auscultation of the lungs, both in health and disease, the variety of sounds to be 
heard is very great. It is impossible to give adequate consideration to them here, and 
for further information reference should be made to the text-books dealing with the 
subject. 


THE DIGESTIVE APPARATUS 

The apparatus for the digestion of the food consists of the digestive tube 
and of certain accessory organs. 

The digestive tube (alimentary canal), about 9 metres long, extends 
from the mouth to the anus, and is lined throughout by mucous membrane. 
It consists of the following parts : at its commencement is the mouth , where 
provision is made for the mechanical division of the food (mastication), and 
for its admixture with a fluid secreted by the salivary glands (insalivation) ; 
beyond this are the organs of deglutition, the /pharynx and the oesophagus , 
which convey the food into the stomach , where the first stages of the digestive 
process take place ; the stomach is followed by the small intestine , which 
consists of three parts, the duodenum , the jejunum , and ileum . In the small 
intestine the process of digestion is completed and the resulting products 
are absorbed into the blood- and lymph-vessels. Finally the small intestine 
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is best evacuated from the tonsil by Hilton’s method. Another form of acute inflammation 
of the tonsil is follicular tonsillitis, due to the lodgment of micro-organisms in the crypts of 
the tonsil. The removal of enlarged tonsils from children is, as a rule, a very simple 
operation, and is not usually attended with much haemorrhage, unless the patient is 
suffering from haemophilia. In the operation of k enucleation 5 of the tonsil, advantage is 
taken of the fact that its deep surface is encapsuled, the entire tonsil and the capsule being 
removed. 

The palatine aponeurosis. — Attached to the posterior border of the hard 
palate is a thin, firm fibrous lamella, the palatine aponeurosis , which supports 
the muscles and gives strength to the soft palate. It is thick above, but 
very thin and difficult to define below. On each side it is continuous with 
the tendon of the Tensor veli palatini. 

Blakeway * maintains that the palatine aponeurosis is not a separate structure, but is 
actually the expanded tendon of the Tensor veli palatini. 

The muscles of the palate and fauces (fig. 1081) are : 

Levator veli palatini. Glossopalatinus. 

Tensor veli palatini. Pharyngopalatinus. 

Musculus uvulse. 

The Levator veli palatini (Levator palati) is a rounded muscle situated 
on the lateral side of the choana. It arises from the under surface of the 
petrous part of the temporal bone, immediately in front of the lower opening 
of the carotid canal, and from the medial lamina of the cartilage of the auditory 
tube. After passing above the upper concave margin of the Constrictor 
pharyngis superior, and in front of the Salpingopharyngeus, it spreads out 
in the soft palate, its fibres running as far as the middle line, where they 
blend with those of the opposite muscle. 

Nerve-supply. — The Levator veli palatini is supplied by the accessory cerebral 
nerve through the pharyngeal plexus. 

Action. — The Levator veli palatini elevates the soft palate. 

The Tensor veli palatini (Tensor palati) is a thin muscle placed on the 
lateral side of the Levator veli palatini and the medial pterygoid lamina of the 
sphenoidal bone. It arises by a flat lamella from the scaphoid fossa, from 
the medial surface of the spina angularis of the sphenoidal bone, and from the 
lateral lamina of the cartilage of the auditory tube. Descending vertically as 
far as the lower end of the medial pterygoid lamina, it ends in a tendon which 
turns medialwards below the pterygoid hamulus, and is inserted into the 
palatine aponeurosis and into the surface behind the transverse ridge on the 
horizontal part of the palatine bone. Between the tendon and the pterygoid 
hamulus there is a small bursa. 

Nerve-supply. — The Tensor veli palatini is supplied by the mandibular nerve 
by twigs which traverse the otic ganglion. 

Actions. — Acting singly the Tensor veli palatini pulls the soft palate to one side ; 
acting together the two muscles will tighten the soft palate. 

The Musculus uvulae (Azygos uvulse) arises from the posterior nasal spine 
of the palatine bones and from the palatine aponeurosis ; it descends to be 
inserted into the uvula. 

Nerve-supply. — The Musculus uvulse is supplied by the accessory cerebral nerve 
through the pharyngeal plexus. 

Action. — The Musculus uvulse pulls up the uvula on its own side. 

The Glossopalatinus (Palatoglossus) is a small fleshy fasciculus, narrower 
in the middle than at the ends, forming, with the mucous membrane covering 
its surface, the glossopalatine arch. It arises from the anterior surface of the 
soft palate, where it is continuous with the muscle of the opposite side, and 
passing downwards, forwards, and lateralwards in front of the palatine tonsil, 
is inserted into the side of the tongue, some of its fibres spreading over the 
dorsum of the tongue, and others passing deeply into its substance to intermingle 
with the Transversus linguae. 

Nerve-supply. — The Glossopalatinus is supplied by the accessory cerebral nerve 
through the pharyngeal plexus. 

* Journal of Anatomy and Physiology , yoL xlviii. 
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Actions. — The Glossopalatinus pulls up the root of the tongue and approximates 
the Glossopalatine arch to the median line. 

The Pharyngopalatinus ( Palatopharyngeus ) is a long, fleshy fasciculus, 
forming, with the mucous membrane covering its surface, the pharyngopalatine 
arch. It is separated, from the Glossopalatinus by the sinus tonsillaris, in which 
the palatine tonsil is lodged. It arises from the soft palate, where it is divided 
into two fasciculi by the Levator veli palatini and Musculus iivuke. The 
posterior fasciculus is. in contact with the mucous membrane covering the 


Fig. 1081. — The muscles of the palate. Exposed from behind. 



posterior surface of the palate ; it joins with the posterior fasciculus of the 
opposite muscle in the middle line. The anterior fasciculus, the thicker, lies 
between the Levator veli palatini and the Tensor veli palatini, and joins, in 
the middle line, the anterior fasciculus of the opposite muscle. Passing lateral- 
wards and downwards behind the palatine tonsil, the Pharyngopalatinus unites 
with the Stjdopharyngeus, and is inserted with it into the posterior border of 
the thyreoid cartilage, some of its fibres ending on the side of the pharynx, 
and others passing across the middle line posteriorly, to decussate with the 
muscle of the opposite side. 

Nerve-supply. — The Pharyngopalatinus is supplied by the accessory cerebral 
nerve through the pharyngeal plexus. 

Actions. — The Pharyngopalatinus pulls the wall of the pharynx, on its own 
side, upwards, forwards and medialwards. 
g.a. 2 k 
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The middle mediastinal cavity (figs. 1042, 1043) is the broadest part of 
the interpleural space. It contains the heart enclosed in the pericardium, the 
ascending aorta, the lower half of the superior vena cava, the terminal part 
of the azygos vein, the bifurcation of the trachea, the two bronchi, the 


Fig. 1044. — The superior, middle and posterior mediastinal cavities. 
Left lateral aspect. 



pulmonary artery dividing into its right and left branches, the right and left 
pulmonary veins, the phrenic nerves, and some tracheobronchial lymph- 
glands. 

The posterior mediastinal cavity (figs. 1041, 1043) is an irregularly 
shaped space running parallel with the vertebral column ; it is bounded in front 
by the pericardium above, and by the posterior surface of the Diaphragm 
below, behind by the vertebral column from the lower border of the fourth to 
the twelfth thoracic vertebra, and on either side by the mediastinal pleura. It 
contains the thoracic part of the descending aorta, the azygos, hemiazygos, 
and accessory hemiazygos veins, the vagus and splanchnic nerves, the 
oesophagus, the thoracic duct, and some lymph-glands. 
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tubarius or cushion, caused by the pharyngeal end of the cartilage of the auditory 
tube which elevates the mucous membrane. A vertical fold of mucous mem- 
brane, the salpingopharyngeal fold , stretches from the lower part of the torus 
tubarius to the wall of the pharynx ; it contains the Salpingopharyngeus muscle. 


Pig. 1082. — A sagittal section through the nose, mouth, pharynx and larynx. 
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A second and smaller fold, the salpingopalatine fold , stretches from the upper 
part of the torus to the palate. Behind the torus is a deep recess, the pharyngeal 
recess or fossa of Rosenmuller . On the posterior wall between the pharyngeal 
recesses is a mass of lymphoid tissue, which is known as the pharyngeal tonsil , 
and is best developed in childhood. 

The pharyngeal tonsil is visible to the naked eye during the later months of foetal life 
and usually increases in size up to the age of six or seven years, after which it not infre- 
quently begins to atrophy. In a child of eighteen months it forms a triangular prominence 
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the apex of which is near the nasal septum, ancl the base at the junction of the roof and 
posterior wall of the nasal part of the pharynx. The prominence consists of a number 
of folds which radiate forwards and lateralwards from a median recess, the pharyngeal 
bursa . The folds consist mainly of diffuse adenoid tissue, but there are also some deeply 
placed mucous glands. The pharyngeal bursa lies close to the base of the tonsil and 
presents the appearance of a blind recess.* 

The oral part of the pharynx reaches from the soft palate to the level 
of the hyoid bone. It opens anteriorly, through the isthmus faucium, into 
the mouth, while in each of its lateral walls is the elevation of the pharyngo- 
palatine arch (posterior pillar of the fauces) produced by the pharyngopalatine 
muscle (p. 1121). Between the glossopalatine arch in front and the pharyngo- 
palatine arch behind there is a triangular recess in which the palatine tonsil 
is lodged (p. 1118). 


Fig. 1083. — The front of the nasal part of the pharynx, as seen with the 

laryngoscope. 
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The laryngeal part of the pharynx reaches from the hyoid bone to 
the lower border of the cricoid cartilage, where it is continuous with the 
oesophagus. In the upper part of its anterior wall is the triangular entrance 
to the larynx (p. 1066) ; the base of the triangle is in front, and is formed by 
the epiglottis, while its sides are constituted by the aryepiglottic folds. On 
either side of the laryngeal orifice is a recess, the recessus 'piriformis , bounded 
medially by the aryepiglottic fold, and laterally by the thyreoid cartilage and 
hyothyreoid membrane. 

Structure. — The pharynx is composed, from within outwards, of three coats : mucous, 
fibrous and muscular, the last being covered by the thin buccopharyngeal fascia (p. 448). 

The mucous coat is continuous with that of the auditory tubes, nasal cavities, mouth, 
and larynx. In the nasal part of the pharynx its epithelium is columnar and ciliated; 
in the oral and laryngeal portions it is stratified squamous. Between the region covered 
by ciliated columnar epithelium and that covered by squamous epithelium, there is a 
narrow intermediate zone where the epithelium is cubical, and the cilia are imperfect or 
absent. Superiorly, this zone lies near the nasal septum : laterally it passes over the 
orifice of the auditory tube and inclines backwards at the union of the soft palate with 
the lateral wall. Racemose glands are found beneath the mucous membrane, and are 
especially numerous at the upper part of the pharynx around the orifices of the auditory 
tubes. 

The fibrous coat is situated between the mucous and muscular layers. It is thiek 
above (pharyngobasilar fascia) where the muscular fibres are wanting, and is firmly con- 
nected to the basilar portion of the occipital bone and the petrous portions of the 
temporal bones. As it descends it diminishes in thickness, and is gradually lost. It is 
strengthened posteriorly by a strong fibrous band, which is attached above to the pharyn- 
geal tubercle on the under surface of the basilar portion of the occipital bone, and passes 
downwards as a median raphe which gives attachment to the Constrictores pharyngis. 

The muscular coat consists of the muscles of the pharynx. 

*«T. Symington, British Medical Journal, Oct. 15, 1910. 
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The muscles of the pharynx (fig. 10S4) are : 

Constrictor pharyngis inferior. Stylopharyngeus. 

Constrictor pharyngis medius. Salpingopharyngeus. 

Constrictor pharyngis superior. Pharyngopaiatinus.* 

The Constrictor pharyngis inferior is the thickest of the constrictors. 
It arises from the cricoid cartilage in the interval between the origin of the 


Fig. 1084. — The Buccinator and the muscles of the pharynx. 
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Cricothyreoideus in front, and the articular facet for the inferior cornu of the 
thyreoid cartilage behind. It also arises from the oblique line on the lamina 
of the thyreoid cartilage, from the surface of the lamina behind this line nearly 
as far as the posterior border, and from the inferior cornu. The fibres spread 
backwards and medialwards, and are inserted with the muscle of the opposite 
side into a fibrous raphe in the posterior median line of the pharynx, lhe 

* The Pharyngopaiatinus is described with the muscles of the palate (p* 1121). 
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inferior fibres are horizontal and continuous with the circular fibres of the 
oesophagus ; the rest ascend obliquely, and overlap the Constrictor medius. 

Relations. — Tlie Constrictor pharyngis inferior is covered by the buccopharyngeal 
fascia (p. 448) which surrounds the entire pharynx. Behind , the muscle is in relation 
with the prevertebral fascia and muscles ; laterally , with the thyreoid gland, the common 
carotid artery, and the Sternothyreoideus ; by its internal surface, with the Constrictor 
pharyngis medius, the Stylopharyngeus, the Pharyngopalatinus and the pharyngeal 
aponeurosis. The internal branch of the superior laryngeal nerve and the laryngeal branch 
of the superior thyreoid artery run near the upper border, and the recurrent nerve and the 
laryngeal branch of the inferior thyreoid artery ascend beneath its lower border, before 
they enter the larynx. 

The Constrictor pharyngis medius is a fan-shaped muscle which arises 
from the lesser cornu, and from the whole length of the upper border of the 
greater cornu of the hyoid bone, and from the lower part of the stylohyoid 
ligament. The lower fibres descend beneath the Constrictor inferior, as far 
as the inferior end of the pharynx, the middle fibres pass transversely, and 
the upper fibres ascend and overlap the Constrictor superior. It is inserted, 
with the muscle of the opposite side, into the posterior median fibrous raphe. 

Relations. — The Constrictor pharyngis medius is separated from the Constrictor 
pharyngis superior by the Stylopharyngeus muscle ; and from the Constrictor pharyngis 
inferior by the internal branch of the superior laryngeal nerve and laryngeal branch of the 
superior thyreoid artery. Behind it are the prevertebral fascia, the Longus colli, and the 
Longus capitis. Laterally it is in relation with the carotid vessels, the pharyngeal plexus 
of nerves, and some lymph-glands. Near its origin it is covered by the Hyoglossus, from 
which it is separated by the lingual vessels. Its internal surface lies upon the Constrictor 
pharyngis superior, the Stylopharyngeus, the Pharyngopalatinus and the pharyngeal 
aponeurosis. 

The Constrictor pharyngis superior is a quadrilateral muscle, thinner 
and paler than the other two. It arises from the lower one-third of the posterior 
margin of the medial pterygoid lamina and its hamulus, from the pterygo- 
mandibular raphe, from the posterior end of the mylohyoid line on the inner 
surface of the mandible, and by a few fibres from the side of the tongue. 
The fibres curve backwards to be inserted into the median raphe, being also 
prolonged by means of an aponeurosis to the pharyngeal tubercle on the basilar 
part of the occipital bone. The superior fibres arch beneath the Levator 
veli palatini and the auditory tube. The interval between the upper border 
of the muscle and the base of the skull is closed by the pharyngobasilar fascia 
(p. 1124) (pharyngeal aponeurosis), and is known as the sinus of Morgagni. 

Relations. — The Constrictor pharyngis superior is in relation by its external surface 
with the prevertebral fascia and muscles, the internal carotid and ascending pharyngeal 
arteries, the internal jugular vein and pharyngeal venous plexus, the glossopharyngeal, vagus, 
hypoglossal and lingual nerves, the sympathetic trunks, the Constrictor pharyngis medius 
and Pterygoideus internus, the styloid process, the stylohyoid ligament, and the Stylo- 
pharyngeus.. By its internal surface it is in relation with the Pharyngopalatinus, the capsule 
of the palatine tonsil and the pharyngeal aponeurosis. Its upper border is separated from 
the base of the skull by a crescentic interval in which the Levator veli palatini, the Tensor 
veli palatini and the auditoxy tube are situated. Its lower border is separated from the 
Constrictor pharyngis medius by the Stylopharyngeus. In front it is separated from the 
Buccinator by the pterygomandibular raphe. 

Nerve-supply. — The Constrictores pharyngis inferior, medius et superior, are 
supplied by the pharyngeal plexus. The Constrictor pharyngis inferior receives 
also branches from the external laryngeal and recurrent nerves. 

Actions. — During the process of swallowing, as soon as the bolus of food is 
received in the pharynx, the elevators of the pharynx relax, the pharynx descends, 
and the Constrictores contract upon the bolus and convey it downwards into the 
oesophagus. 

The Stylopharyngeus (figs. 1078, 1084) is a long, slender muscle which 
is cylindrical above and flattened below. It arises from the medial side of the 
base of the styloid process of the temporal bone, descends along the side of 
the pharynx between the Constrictor pharyngis superior and the Constrictor 
pharyngis medius, and spreads out beneath the mucous membrane. Some of 
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its fibres are lost in the constrictor muscles, while others are inserted with the 
rharyngopalatinus into the posterior border of the thyreoid cartilage. The 
glossopharyngeal nerve winds round the lateral side of this muscle to reach 
the tongue. 

Nerve-supply. The Sty lopharyngeus is supplied by a branch from the glosso- 
pharyngeal nerve. 

Actions. The Sty lopharyngeus draws the side of the pharynx upwards and 
lateralwards, thus increasing the transverse diameter of the pharynx. 

The Salpingopharyngeus (fig. 1QS1) arises from the inferior part of the 
Cai ? auditor y "tube near its pharyngeal orifice ; it passes downwards 

and blends with the posterior fasciculus of the Pharyngopalatinus. 

Nerve-supply. — The Salpingopharyngeus is supplied by the pharyngeal plexus. 
Actions. — -The Salpingopharyngeus raises the upper part of the lateral wall of 
the pharynx, i.e. the part above the attachment of the Sty loph ary nge us . 

Applied Anatomy . — In young children the presence or adenoid grow tbs in the nose and 
nasopharynx, with or without enlargement of the tonsils, produces a characteristic 
deformity of the face, the “adenoid facies,” by obstructing respiration through the nose 
and making mouth-breathing more or less obligatory. As the child has to keep its mouth 
open in order to breathe, the bony palate and alveolar arch are habitually out of contact 
with the dorsum of the tongue ; lacking its pressure, they develop with an abnormally high 
arch and forward projection. Thus the hard palate becomes narrowed laterally, and the 
projecting alveolar processes afford insufficient room for the permanent teeth, which 
appear crowded, irregularly set, and overlapping as the child grows up, and overhang 
those in the lower jaw. The facial surfaces of the maxillas become pinched together, with 
narrowing of the nasal fossse and maxillary air-sinuses. The nose itself shows abnor- 
mality in shape of two chief types : (1) The bridge remaining normal, the apex looks thin 
and pinched because the alae fall inwards from disuse of the dilator muscles, and the nares 
become elongated, narrow, and barely capable of voluntary dilatation; there is often a 
depression in the region of the lateral alar cartilage. (2) Less commonly the bones form- 
ing the bridge of the nose are pressed apart by the underlying adenoid growths, making it 
appear thicker and broader than normal; the Dilatatores narium atrophy fr. ru disuse, 
and the nares look unduly small and rounded. In all cases of adenoids the upper lip is 
drawn up, still further exposing the projecting front upper teeth. The face is lengthened 
by dropping of the lower jaw; the whole expression of the child is highly characteristic, 
suggesting vacuity and inattention, the latter being due to the deafness so often associated 
with nasal obstruction and caused by blocking of the pharyngeal orifices of the auditory 
tubes. 

The internal carotid artery is in close relation with the pharynx, so that its pulsations 
can be felt through the mouth. It has been occasionally wounded by sharp-pointed 
instruments, introduced into the mouth and thrust through the wall of the pharynx. In 
aneurysm of this vessel in the neck, the tumour necessarily bulges into the pharynx, as 
this is the direction in which it meets with the least resistance, nothing lying between 
the vessel and the mucous membrane except the thin Constrictor muscles, whereas on the 
lateral side there are the dense cervical fascia, the muscles descending from the styloid 
process, and the margin of the Sternocleidomastoideus. 

The mucous membrane of the pharynx is very vascular, and is often the seat of 
inflammation, frequently of a septic character, since the numerous recesses are prone to 
lodge micro-organisms. And, in addition, owing to its exposed situation, the mucous 
membrane is liable to be irritated by agents introduced during inspiration. The 
inflammation may be attended with serious consequences : it may extend up the 
auditory tube and involve the middle ear; it may spread to the entrance of the larynx, 
causing oedema and seriously interfering with respiration; or, invading the lymphatics, 
it may spread to the loose areolar tissue surrounding the pharyngeal wall, and may 
extend far and wide, sometimes into the posterior mediastinal cavity along the oeso- 
phagus. Abscess may form in the connective tissue behind the pharynx, between it and 
the vertebral column, constituting what is known as retropharyngeal abscess. Acute 
retropharyngeal abscesses are generally due to suppuration of the lymph-glands, and 
should be opened through the mouth, as the pus is in front of the prevertebral fascia. 
Chronic retropharyngeal abscesses are generally due to disease of the upper cervical 
vertebrae, and the pus is then behind the prevertebral fascia; the incision should there- 
fore be made at the posterior border of the Sternocleidomastoideus, and the pus evacuated 
behind the carotid vessels. 

Abscess also occurs in children, underneath the mucous membrane, between it and 
the pharyngeal aponeurosis. The condition usually arises from a peritonsillar inflamma- 
tion, which spreads backwards. In some cases an enormous swelling may form, which 
pushes forwards the soft palate and gives rise to respiratory obstruction. An such cases 
the abscess should be opened through the mouth with the child in the inverted position, 
so as to prevent the first gush of pus from entering the larynx. 
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Foreign bodies not infrequently become lodged in the pharynx, and most usually at 
its termination at about the level of the cricoid cartilage, just beyond the reach of the 
finger, as the distance from the arch of the teeth to the commencement of the oesophagus 
is about 15 cm. 

The (Esophagus (fig. 1085) 

The oesophagus, or gullet, is a muscular canal, from 23 cm. to 25 cm. 
long, extending from the pharynx to the stomach. It begins in the neck at 

the lower border of the cricoid 

Fig. 10S5. — The oesophagus. cartilage, opposite the sixth 

cervical vertebra, where it is 
continuous with the lower end 
of the pharynx. It descends 
along the front of the vertebral 
column, through the superior 
and posterior mediastinal cavi- 
ties, pierces the Diaphragm 
opposite the tenth thoracic 
vertebra, and ends at the car- 
diac orifice of the stomach at the 
level of the eleventh thoracic 
vertebra. The general direction 
of the oesophagus is vertical ; 
but it presents two slight curves 
in its course. At its commence- 
ment it is placed in the middle 
line ; but it inclines to the left 
side as far as the root of the 
neck, gradually passes again to 
the middle line, which it reaches 
at the level of the fifth thoracic 
vertebra, and again deviates to 
the left as it passes forwards to 
the oesophageal hiatus in the 
Diaphragm. The oesophagus 
also presents anteroposterior 
flexures corresponding to the 
curvatures of the cervical and 
thoracic portions of the verte- 
bral colu mn . It is the narrowest 
part of the digestive tube, and 
is constricted (a) at its com- 
mencement, ( b ) where it is 
crossed by the left bronchus, 
and (c) where it pierces the 
Diaphragm. 

Relations . — The cervical 
portion of the oesophagus (fig. 
1034) is in relation, in front, 
with the trachea, and at the 
lower part of the neck, where it 
projects to the left side, with 
the thyreoid gland; behind it 
are the vertebral column and 
Longus colli muscles ; on either 
side it is in relation with the 
common carotid artery (especially the left), and parts of the lobes of the 
thyreoid gland ; the recurrent nerves ascend, one on either side, in the groove 
between it and the trachea ; to its left side is the thoracic duct. 

The thoracic portion of the oesophagus (figs. 1035-6, 1042-3, 1045) is at 
first situated in the superior mediastinal cavity between the trachea and the 
vertebral column, a little to the left of the median line. It then passes behind 
and to the right of the aortic arch and descends in the posterior mediastinal 
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cavity, along the right side of the descending aorta, then rims in front 
and a little to the left of the aorta, and enters the abdomen through the 
Diaphragm at the level of the tenth thoracic vertebra. It is in relation, in 
front, with the trachea, the left bronchus, the pericardium, and the Diaphragm ; 
behind , it rests upon the vertebral column, the Longus colli muscles, the right 
aortic intercostal arteries, the thoracic duct, and the hemiazygos and accessory 
hemiazygos veins; and below, near the Diaphragm, upon the front of the 
aorta. On its left side, in the superior mediastinal cavity are the terminal 
part of the aortic arch, the left subclavian artery, the thoracic duct, and left 
pleura, while running upwards in the groove between it and the trachea is the 
left recurrent nerve ; below, it is in relation with the descending thoracic aorta 
and the left pleura. On its right side are the right pleura, and the azygos vein, 
the latter being overlapped by the oesophagus. Below the roots of fhe lungs the 
vagus nerves descend in close contact with it, the right nerve behind, and 
the left in front of it ; the two nerves unite to form a plexus around the tube. 

In the lower part of the posterior mediastinal cavity the thoracic duct lies 
behind and to the right of the oesophagus ; higher up, it is placed behind it, 
and crossing to the left about the level of the fourth thoracic vertebra, is 
continued upwards on its left side. 

The abdominal portion of the oesophagus is named the antrum cardiacum \ 
it lies in the oesophageal groove on the posterior surface of the left lobe of the 
liver. It measures about 1*25 cm. in 


length, and is covered by peritoneum in 
front and on its left side. It is conical 
in shape, and curved sharply to the left, 
the base of the cone being continuous 
with the cardiac orifice of the stomach 
(fig. 1085). 

Structure (fig. 1086). — The oesophagus has 
four coats : an external or fibrous, a muscular, 
a submucous or areolar, and an internal or 
mucous. 

The fibrous coat consists of a layer of areolar 
tissue, containing many elastic fibres. 

The muscular coat is composed of two layers 
of considerable thickness : an external of longi- 
tudinal and an internal of circular fibres. 

The longitudinal fibres form a complete in- 
vestment for nearly the whole of . the oeso- 
phagus, hut at the upper part of the back of the 
tube, at a point between 3 cm. and 4 cm. below 
the cricoid cartilage, they diverge from the 
middle line and form tw^o longitudinal fasciculi 
which incline upwards and forwards to the front 
of the tube. Here they pass beneath the lower 
border of the Constrictor pharyngis inferior and 
end in a tendon, which is attached to the upper 
part of the ridge on the posterior surface of the 
lamina of the cricoid cartilage. The V-shaped 
interval between the diverging longitudinal 
fasciculi is filled by the circular fibres of the 
oesophagus, thinly covered below by some decus- 
sating longitudinal fibres, and above by the 
overlapping lower edge of the Constrictor 
pharyngis inferior. 

Accessory slips of muscular fibres sometimes 
pass between the oesophagus and the left pleura, 
or between the oesophagus and the root of the 
left bronchus. 


Fig. 1086. — A transverse section 
through the middle of the oeso- 
phagus. (From a drawing by 
V. Horsley.) Moderately magni- 
fied. (From Quain’s Elements of 
Anatomy, Vol. II. Pt. II.) 



a. Fibrous covering, b. Divided fibres of 
longitudinal muscular coat. c. Transverse 
muscular fibres, d. Submucous or areolar 
layer, e. Mu.-ioularin mm-osa-. /. Mucous mem- 
brane, wiih v i: : ;i!ul pur: of a lymphoid 
nodule, u. Siraii.ied or.irih-lial lining, h. 
Mucous gland, i. m'. Striated 

muscular litres cm 


The circular fibres are continuous superiorly, 

on the posterior aspect, with the Constrictor pharyngis inferior ; anteriorly, the uppermost 
are inserted into the lateral margins of the tendon of the two longitudinal fasciculi.* 

The muscular fibres in the upper part of the oesophagus are of a red colour, and consist 
chiefly of the striped variety ; but in the lower part they consist for the most part of 
involuntary fibres. 


* Williamina Abel, Journal of Anatomy and Physiology , vol. xlvii. 
2x2 '■ 
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Tlie areolar or submucous coat connects loosely the mucous and muscular coats. It 
contains the larger blood-vessels and nerves, as well as mucous glands. 

The mucous coat is thick, of a reddish colour above, and pale below. It is disposed 
in longitudinal folds, which disappear on distension of the tube. It consists of (1) a layer 
of stratified squamous epithelium, lining the tube, (2) a layer of connective tissue, papillae 
from which project into the epithelium, and (3) the muscularis mucosae, a layer of longi- 
tudinally arranged non-stiiped muscular fibres. At the commencement of the oesophagus 
the muscularis mucosae is absent, or only represented by a few scattered bundles ; lower 
down it forms a considerable stratum. 

The oesophageal glands are small compound racemose glands of the mucous type ; they 
are lodged in the submucous tissue, and each opens upon the surface by a long duct. 

Vessels and Nerves. — The arteries supplying the oesophagus are derived from the inferior 
thyreoid branch of the thyreocervical trunk, from the descending thoracic aorta, from the 
left gastric branch of the coeliac artery, and from the left inferior phrenic branch of the 
abdominal aorta. They have for the most part a longitudinal direction. The veins from 
the lower end of the oesophagus open into the left gastric vein, which is a tributary of the 
portal vein. The lymphatics are described on p. 778. 

The nerves are derived from the vagus nerves and from the sympathetic trunks ; they 
form a plexus, in which are groups of ganglion-cells, between the two layers of the 
muscular coat, and a second plexus in the submucous tissue. 

Applied Anatomy . — The oesophagus may be obstructed by foreign bodies, and also by 
changes in its coats producing stricture, or by pressure on it from without by new growths 
or aneurysm, &c. The commoner forms of stricture are : (1) the fibrous, due to cicatrisa- 
tion following destruction of tissue, the result of swallowing boiling or corrosive fluids — 
here dilatation of the stricture may be carried out; and (2) malignant, usually epithelio- 
matous in its nature. This may be situated either at the upper end of the tube, opposite 
the cricoid cartilage, or at its lower end at the cardiac orifice, but is most commonly 
found in that part of the tube which is crossed by the left bronchus. If, in these cases, 
the patient is losing weight from insufficient nourishment, the operation of gastrostomy 
may be performed in order to avoid death from starvation; death, however, most com- 
monly occurs from ulceration of the growth into the mediastinal cavity or air-passages. 
In cases of non -malignant stricture of the oesophagus it may be necessary to dilate the 
canal by a bougie, when it is of importance that the direction of the oesophagus and its 
relations to surrounding parts should be remembered. In malignant disease of the 
oesophagus, where its tissues have become softened from infiltration of the growth, the 
passage of a bougie is a very dangerous procedure, as a false passage may easily be made, 
and the instrument may pass into the mediastinal cavity or into one or other pleural 
cavity, or even imo the pericardium. 

In cases of destruction c: the (esophagus, and consequent symptoms of stricture, 
produced by an aneurysm of some part of the aorta pressing upon this tube, the passage 
of a bougie will only hasten the fatal issue, and therefore it is essential that the presence 
of an aneurysm should be excluded before such an attempt be made in any form of 
oesophageal obstruction. 

In passing a bougie the left forefinger should be introduced into the mouth, and the 
epiglottis felt for, care being taken not to throw the head too far backwards. The bougie 
is then to be passed beyond the finger until it touches the posterior wall of the pharynx. 
The patient is now asked to swallow, and at the moment of swallowing, the bougie is 
passed gently onwards, any force being carefully avoided. 

It occasionally happens that a foreign body becomes impacted in the oesophagus, and 
can neither be brought upwards nor moved downwards. When all ordinary means for 
its removal have failed, open operation by an incision in the neck is the only resource left. 
This, of course, can only be performed when the foreign body is not very low down. If 
it is allowed to remain, extensive inflammation and ulceration of the oesophagus may 
ensue, with the development of suppuration and cellulitis in the surrounding tissues. 


THE ABDOMEN 

The abdomen is the largest cavity in the body. The roof of the cavity is 
formed by the Diaphragm, which extends as a dome over the abdomen, so 
that the cavity ascends into the bony thorax, reaching on the right side, in 
the mammary line, to the upper border of the fifth rib ; on the left side it 
falls below this level by about 2*5 cm. The floor is formed by the muscles 
and fascise of the pelvic and urogenital diaphragms (pp. 482-491). 

In order to facilitate description the abdomen is artificially divided into 
two parts : an upper, larger part, the abdomen proper ; and a lower, smaller 
part, the pelvis . These two parts are continuous with one another through 
the superior aperture of the lesser pelvis. 
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The abdomen proper differs from the other cavities of the body in being 
bounded for the most part by muscles and fascias, so that its capacity and shape 
can vary according to the conditions of the viscera it contains. 

It is bounded in front and at the sides by the abdominal and Iliacus muscles, 
and the iliac bones ; behind by the lumbar part of the vertebral column and 


Fig. 1088. — The surface lines on the front of the thorax and abdomen. 



by the Psoas and Quadratus lumborum muscles ; above by the Diaphragm ; 
below by the plane of the superior aperture of the lesser pelvis. The muscles 
forming the boundaries of the cavity are lined upon their inner surfaces by 
a layer of fascia. 

The abdomen contains the greater part of the digestive tube ; it also contains 
the liver, pancreas, spleen, kidneys, and suprarenal glands. Most of these 
structures, as well as the wall of the cavity in which they are contained, are 
more or less covered by an extensive and complicated serous membrane, the 
peritoneum. 

Regions*— For convenience of description of the viscera, as well as of 
reference to the morbid conditions of the contained parts, the abdomen is 
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divided into nine regions by imaginary planes, two horizontal and two sagittal, 
passing through the cavity, the edges of the planes being indicated by lines 
drawn on the surface of the body (fig. 1088). The upper horizontal plane, or 
transpyloric plane of Addison, is indicated by a line encircling the body at a 
level midway between the jugular notch and the symphysis pubis, the lower 
horizontal plane by a line carried round the trunk at a level midway between the 
transpyloric plane and the symphysis pubis. The latter plane is practically the 
same as the transtubercular or intertubercular plane of Cunningham, who pointed 
out * that its level corresponds with the prominent and easily defined tubercle 
on the iliac- crest about 5 cm. behind the anterior superior iliac spine. By 
means of these planes the abdomen is cut into three zones ; each of these is 
further subdivided into three regions by the two sagittal planes, which are 
indicated on the surface by lines drawn vertically through points halfway 
between the anterior superior iliac spines and the symphysis pubis.f 

The middle region of the upper zone is the epigastric , and the lateral regions, 
the right and left hypochondriac. The central region of the middle zone is the 
umbilical , and the lateral regions are the right and left lumbar. The middle 
region of the lower zone is the hypogastric , and the lateral regions are the 
right and left iliac or inguinal (fig. 1088). 

The pelvis is that portion of the abdominal cavity which lies below and 
behind a plane passing through the promontory of the sacrum, the arcuate 
lines of the hip-bones, and the pubic crests ; it contains the urinary bladder, 
the sigmoid colon, the rectum, a few coils of the small intestine, and some of 
the generative organs. 

When the anterior abdominal wall is removed, the viscera are partly exposed 
as follows : above and to the right side is the liver, situated chiefly under 
the shelter of the right ribs and their cartilages, but extending across the 
middle fine and reaching for some distance below the level of the xiphoid process. 
To the left of the liver is the stomach, from the lower border of which an apron- 
like fold of peritoneum, the greater omentum , descends for a varying distance, 
and obscures, to a greater or lesser extent, the other viscera. Below the greater 
omentum, however, some of the eoils of the small intestine can generally be 
seen, while in the right iliac region the caecum, and in the left iliac region the 
iliac portion of the descending colon, are partly exposed. The urinary bladder 
occupies the anterior part of the pelvis, and, if distended, will project above the 
symphysis pubis ; the rectum is placed in the concavity of the sacrum, but 
is usually obscured by coils of the small intestine. The sigmoid colon may 
lie between the rectum and the bladder. 

When the stomach is followed from left to right it is seen to be continuous 
with the first part of the small intestine (duodenum), the point of continuity 
being marked by a thickened ring which indicates the position of the pyloric 
sphincter. The duodenum passes tov T ards the under surface of the fiver, and then, 
curving 'down wards, is lost to sight. If, however, the greater omentum and 
transverse colon be thrown upwards over the chest, the inferior part of the 
duodenum will be observed passing across the vertebral column towards the 
left side, where it becomes continuous with the coils of the jejunum and ileum. 
These measure about six metres in length, and if followed downwards the 
ileum is seen to end in the right iliac fossa by opening into the csecum, the 
commencement of the large intestine. From the caecum the large intestine 
takes an arched course, passing at first upwards on the right side, then across 
the middle fine and downwards on the left side, and forming respectively 
the ascending, transverse, and descending parts of the colon. In the pelvis 
it assumes the form of a loop, termed the sigmoid colon, and ends in the rectum. 

The spleen lies behind the stomach in the left hypochondriac region, and 
may be in part exposed by pulling the stomach over towards the right side. 

The glistening appearance of the deep surface of the abdominal wall and 
of the surfaces of the exposed viscera is due to the fact that the former is fined, 
and the latter are more or less completely covered, with a serous membrane, 
the peritoneum. 

,, * Journal of Anatomy and Physiology, vol. xxvii. f Ibid ,, yds. xxxiii., xxxly., xxxv. 
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The Peritoneum 

The peritoneum is the largest serous membrane in the body, and consists, 
in the male, of a closed sac, a part of which is applied against the abdominal 
parietes, while the remainder is reflected over the contained viscera. In the 
female the free ends of the uterine tubes open into the peritoneal cavity. The 
portion which lines the parietes is named the parietal portion of the 
peritoneum ; that which is reflected over the contained viscera constitutes 
the visceral portion of the peritoneum. The free surface of the membrane is 
smooth, covered with a layer of flattened endothelium, and lubricated by a 
small quantity of serous fluid. Hence the viscera can glide on the wall of the 
cavity or on one another with the least possible amount of friction. The 
attached surface is rough, being connected to the viscera and inner surface of 
the parietes by means of areolar tissue, termed the suhserous areolar tissue . 
The parietal portion is loosely connected with the fascial lining of the abdomen 
and pelvis, but is more closely adherent to the under surface of the Diaphragm, 
and also in the middle line of the anterior abdominal wall. 

The parietal and visceral layers of the peritoneum are in actual contact, 
but the potential space between them is named the peritoneal cavity . The 
peritoneal cavity consists of (1) a main portion, and (2) a large diverticulum, 
the omental bursa, which is situated behind the stomach and adjoining structures ; 
the neck or communication between the main cavity and the omental bursa 
is termed the epiploic foramen (foramen of Winslow). Formerly the main 
portion of the cavity was described as the greater sac, and the omental bursa 
as the lesser sac, of the peritoneum. 

The peritoneum differs from the other serous membranes of the body in 
presenting a much more complex arrangement, and one that can only be 
clearly understood by following the development of the digestive tube. The 
student therefore is advised to preface his study of the peritoneum by reading 
the chapter dealing with this subject (p. 132). 

To trace the membrane from one viscus to another, and from the viscera 
to the parietes, it is necessary to follow its continuity in the vertical and 
horizontal directions, and it will be found simpler to describe the main portion 
of the cavity and the omental bursa separately. 

Vertical disposition of the main peritoneal cavity (greater sac) 
(fig. 1089). — It is convenient to trace this from the back of the anterior abdominal 
wall at the level of the umbilicus. On following the peritoneum upwards from 
this level it is seen to be reflected around a fibrous cord, the ligamentum teres, 
or obliterated umbilical vein , which reaches from the umbilicus to the under 
surface of the liver. This reflection forms a somewhat triangular fold, the 
falciform ligament of the liver, attaching the upper and anterior surfaces of 
the liver to the Diaphragm and abdominal wall. With the exception of the 
line of attachment of this ligament the peritoneum covers the whole of the under 
surface of the anterior part of the Diaphragm, and is reflected from it on to 
the upper surface of the right lobe of the liver as the superior layer of the coronary 
ligament , and on to the upper surface of the left lobe as the superior layer of the 
left triangular ligament of the liver. Covering the upper and anterior surfaces 
of the liver, it is continued round its sharp margin to the under surface, where 
it has the following relations : (a) It covers the inferior surface of the right 
lobe and is reflected from the posterior part of this lobe to the right supra- 
renal gland and the upper end of the right kidney, forming the inferior layer 
of the coronary ligament ; a special fold, the hepatorenal ligament, is frequently 
present between the inferior surface of the liver and the front of the right 
kidney. From the right kidney it is carried downwards to the duodenum and 
right colic flexure and medialwards in front of the inferior vena cava, where 
it is continuous with the posterior wall of the omental bursa. Between the 
two layers of the coronary ligament there is a large triangular surface of the 
fiver devoid of peritoneal covering : this is named the bare area of the liver, 
and is attached to the Diaphragm by areolar tissue. Towards the right margin 
of the liver the two layers of the coronary ligament gradually approach one 
another, and ultimately fuse to form a small triangular fold connecting the right 
lobe of the liver to the Diaphragm, and named the right triangular ligament 
of the liver. The apex of the bare area corresponds with the point of meeting 
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of the two layers of the coronary ligament, its base with the fossa for the inferior 
vena cava. ( b ) It covers the lower surface of the quadrate lobe of the liver, 
the under and lateral surfaces of the gall-bladder, and the under surface and 
posterior border of the left lobe of the liver ; it is then reflected from the upper 
surface of the left lobe to the Diaphragm as the inferior layer of the left triangular 
ligament , and from the porta of the liver and the fossa for the ductus venosus 
to the lesser curvature of the stomach and the first 2*5 cm. of the duodenum 
as the anterior layer of the hepatogastric and hepatoduodenal ligaments, which 
together constitute the lesser omentum. If this layer of the lesser omentum 
be followed to the right it will be found to turn round the hepatic artery, 
bile-duct, and portal vein, and become continuous with the anterior wall of 


Fig. 1089. — The vertical disposition of the peritoneum. {Main cavity, red ; 
omental bursa, blue). 



the omental bursa, forming a free folded edge of peritoneum. Traced down- 
wards, the lesser omentum covers the anterosuperior surface of the stomach 
and the commencement of the duodenum, and is carried down into a large 
free fold, known as the gastrocolic ligament or greater omentum. Reaching the 
free margin of this fold, it is reflected upwards to cover the under and posterior 
surfaces of the transverse colon, and thence to the posterior abdominal wall 
as the inferior layer of the transverse mesocolon . It reaches the abdominal wall 
at the head and anterior border of the pancreas, is then carried down over the 
lower part of the head and over the inferior surface of the pancreas on the 
superior mesenteric vessels, and thence to the small intestine as the anterior 
layer of the mesentery. It encircles the intestine, and subsequently may be 
traced, as the posterior layer of the mesentery, upwards and backwards to the 
abdominal wall. From this it sweeps down over the aorta into the pelvis, where 
it invests the sigmoid (pelvic) colon, and attaches it to the pelvic wall by a 
fold named the sigmoid mesocolon (pelvic mesocolon). Leaving first the sides 
and then the front of the rectum, it is reflected on to the seminal vesicles and 
the fundus of the urinary bladder, and after covering the upper surface of that 
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viscus, is carried along the middle and lateral umbilical ligaments (fig. 1690) 
on to the back of the abdominal wall to the level from which a start was made. 

Between the rectum and the bladder it forms, in the male, a pouch, the 
rectovesical excavation , the bottom of which is slightly below the level of the 
upper ends of the vesicuke seminales, and about 7*5 cm. from the orifice of 
the anus. When the bladder is distended, the peritoneum is carried up with 
it so that a considerable part of the anterior surface of the bladder lies directly 
against the abdominal wall without the intervention of peritoneal membrane. 
In the female the peritoneum is reflected from the rectum over the posterior 


Fig. 1090. — The lower part of the anterior abdominal wall. Posterior aspect. 
The peritoneum is in place, and the* various cords are shining through. 
(After Joessel.) 
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curvature of the stomach and the commencement of the duodenum as the 
posterior layer of the lesser omentum, and is continuous on the right, round 
the hepatic artery, bile-duct, and portal vein, with the anterior layer of this 
omentum. The posterior layer of the lesser omentum is carried down as a 
covering for the postero-inferior surface of the stomach and commencement 
of the duodenum, and is continued downwards as the deep layer of the gastro- 
colic ligament or greater omentum. From the free margin of this fold it is 
reflected upwards to the anterior and superior surfaces of the transverse colon, 
and thence as the superior layer of the transverse mesocolon to the anterior 
border of the pancreas, the level from which a start was made. It will be 
seen that the loop formed by the wall of the omental bursa below the transverse 
colon follows, and is closely applied to, the deep surface of that formed by the 
peritoneum of the main cavity, and that the greater omentum or large fold of 



peritoneum which hangs in front of the small intestine therefore consists of 
four layers, two anterior and two posterior, separated by the potential cavity 
of the omental bursa. The transverse colon lies between the two posterior 
layers. 

Horizontal disposition of the peritoneum. — Below the transverse 
colon the arrangement is simple, as it includes only the main cavity ; above 
the level of the transverse colon it is more complicated on account of the 
existence of the omental bursa. Below the transverse colon it may be con- 
sidered in the two regions, viz. in the pelvis and in the abdomen proper. 

(1 ) In the pelvis . — The peritoneum here follows closely the surfaces of the 
pelvic viscera and the inequalities of the pelvic walls, and presents important 
differences in the two sexes, {a) In the male (fig. 1091) it encircles the sigmoid 
colon, from which it is reflected to the posterior wall of the pelvis as a fold, 
the sigmoid mesocolon. It leaves the sides and, finally, the front of the rectum, 
and is continued over the upper parts of the seminal vesicles to the upper 
surface of the bladder ; on either side of the rectum it forms a fossa, the para- 
rectal fossa , which varies in size with the distension of the rectum. In front 
of the rectum the peritoneum forms the rectovesical excavation, which is 
limited laterally by peritoneal folds extending from the sides of the bladder 
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to the rectum and sacrum. These folds are known, from their position, as 
the rectovesical or sacrogenital folds. The peritoneum of the anterior pelvic 
wail covers the superior surface of the bladder, and on either side of this viscus 
forms a depression, termed the paravesical fossa, which is limited laterally 
by the fold of peritoneum covering the ductus deferens. The size of this fossa 
is dependent on the state of distension of the bladder, and when the bladder 
is empty, a variable fold of peritoneum, the plica vesicalis transversa, divides 
the fossa into two portions. On the peritoneum between the paravesical 
and pararectal fossae the only elevations are those produced by the ureters 
and the hypogastric vessels, (b) In the female, pararectal and paravesical 
fossae similar to those in the male are present ; the lateral limit of the para- 
vesical fossa is the peritoneum investing the round ligament of the uterus. 
The rectovesical excavation is, however, divided by the uterus and vagina 
into a small anterior vesico-uterine and a large, deep, posterior recto-uterine 


Fig. 1092. — The horizontal disposition of the peritoneum in the lower part of 

the abdomen. 


Rectus 



excavation. The sacrogenital folds form the margins of the latter, 7 and are 
continued on to the back of the uterus and the posterior fornix of the vagina 
as a transverse fold, the toms uterinus . The broad ligaments extend from 
the sides of the uterus to the lateral walls of the pelvis ; they contain in their 
free margins the uterine tubes, and in their posterior layers the ovaries. Below, 
the broad ligaments are continuous with the peritoneum on the", lateral walls 
of the pelvis. On the lateral pelvic wall behind the attachment of the broad 
ligament, in the angle between the elevations produced by the obliterated 
hypogastric artery and the ureter, is a slight fossa, the ovarian fossa , in which 
the ovary normally lies. 

(2) In the lower abdomen (fig. 1092). — Starting from the linea alba, below 
the level of the transverse colon, and tracing the continuity of the peritoneum 
in a horizontal direction to the right, the membrane covers the inner surface 
of the abdominal wall almost as far as the lateral border of the Quadratus 
lumborum ; it encloses the cmcum and vermiform process, and is reflected 
over the sides and front of the ascending colon ; it may then be traced over 
the duodenum, Psoas major, and inferior vena cava towards the middle fine, 
whence it passes along the mesenteric vessels to invest the small intestine, and 
back again to the large vessels in front of the vertebral col umn , forming the 
mesentery, between the layers of which are contained the jejunum, ileum, the 
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mesenteric blood-vessels, nerves, lacteals, and lymph -glands. It is then con- 
tinued over the left Psoas major ; it covers the sides and front of the descending 
colon, and, reaching the abdominal wall, is carried on it to the middle line. 

(3) In the upper abdomen (fig. 1093), — Above the transverse colon the 
omental bursa is superadded to the main cavity, and the communication 
between them through the epiploic foramen can be demonstrated. 

(a) Main cavity. — Commencing on the posterior abdominal wall at the 
inferior vena cava, the peritoneum may be followed to the right over the front 
of the right suprarenal gland and upper part of the right kidney to the antero- 
lateral abdominal wall. From the middle line of the anterior wall a backwardly 
directed fold encircles the obliterated umbilical vein and forms the falciform 
ligament of the liver. Continuing to the left, the peritoneum lines the antero- 
lateral abdominal wall and covers the lateral part of the front of the left kidney, 
and is reflected to the posterior border of the hilum of the spleen as the posterior 


Fig. 1093. — The horizontal disposition of the peritoneum in the upper part of 

the abdomen. 

Lesser omentum 



layer of the lienorenal ligament. It can be traced over the surfaces of the spleen 
to the front of the hilum, and thence to the cardiac end of the greater 
curvature of the stomach as the anterior layer of the gastrolienal ligament 
(gastrosplenic omentum). It covers the anterosuperior surface of the stomach 
and co mmencem ent of the duodenum, and ascends from the lesser curvature 
of the stomach to the liver as the anterior layer of the lesser omentum. 

(6) Omental bursa.— 1 On the posterior abdominal -wall the peritoneum of 
the general cavity is continuous with that of the omental bursa in front of the 
infenor vena cava. Starting from here, the bursa may be traced across the 
aorta and over the medial part of the front of the left kidney to the hilum of 
the spleen where the peritoneum forms the anterior layer of the lienorenal 
ligament. From the spleen it is reflected to the stomach as the posterior layer 
of the gastrolienal ligament. It covers the postero -inferior surface of the 
stomach and commencement of the duodenum, and extends upwards to the 
liver as the posterior layer of the lesser omentum ; the right margin of this 
layer is continuous round the hepatic artery, bile-duct, and portal vein with 
the wall of the main cavity. The lienai vessels run between the two layers of 
the lienorenal ligament, and the short gastric and left gastro-epiploic vessels 
between the two layers of the gastrolienal ligament. 

The §piploic foramen (foramen of Winslow) (figs. 1089, 1093) is the com- 
munication between the main cavity and the omental bursa. It is bounded 



1140 


SPLANCHNOLOGY 


in front by the free border of the lesser omentum, with the bile-duct, hepatic 
artery, and portal vein between its two layers ; behind by the peritoneum 
covering the inferior vena cava ; above by the peritoneum on the caudate 
process of the liver, and below by the peritoneum covering the commencement 
of the duodenum and the hepatic artery, the latter passing forwards below the 
foramen before ascending between the two layers of the lesser omentum. 

The boundaries and the extent of the omental bursa will now be evident. 
It is bounded in front , from above downwards, by the caudate lobe of the 
liver, the lesser omentum, the stomach, and the two anterior layers of the 
greater omentum. Behind it is limited, from below upwards, by the two 
posterior layers of the greater omentum, the transverse colon, and the ascending 
layer of the transverse mesocolon, the anterior surface of the pancreas, the left 
suprarenal gland, and the upper end of the left kidney. To the right of the 
oesophageal opening of the stomach it is bounded by that part of the Diaphragm 
which supports the caudate lobe of the liver and by the aorta and the inferior 
vena cava. Laterally, the bursa extends from the epiploic foramen to the 
spleen, where it is limited by the lienorenal and gastrolienal ligaments. 

The omental bursa consists of a vestibule and three recesses, a superior, 
a middle and an inferior. 

The vestibule is a narrow channel situated immediately to the left of the 
epiploic foramen, below the caudate process of the liver, above the head of 
the pancreas and superior part of the duodenum, and behind the hepatoduodenal 
ligament (p. 1141). The hepatic artery, portal vein, and bile-duct pass forwards 
below the vestibule and then ascend between the two layers of the hepato- 
duodenal ligament. The superior recess extends upwards from the vestibule 
behind the porta hepatis and the caudate lobe of the liver, and in front of 
the Diaphragm and aorta. The middle recess, a small but variable pouch, 
descends between the lesser omentum and the pancreas. The vestibule and 
the superior and middle recesses together constitute the bursa omenti minor is. 
The inferior recess, or bursa omenti majoris , lies behind the stomach and extends 
as a large lienal recess between the stomach and the spleen. In the foetus 
the inferior recess reaches as low as the free margin of the greater omentum, 
but in the adult the vertical extent of the recess is much more limited owing 
to adhesions between the layers of the greater omentum. 

The vestibule and the inferior recess are sometimes shut off from one another . 
by a complete septum bursarum, but in most cases they communicate through 
a rounded opening, the foramen bur see omenti majoris. This opening is limited 
posteriorly by the gastropancreatic ligament , a sickle-shaped fold of peritoneum 
wiiich encloses the left gastric artery, and extends from the tuber omentale 
of the pancreas to the back of the fundus of the stomach. 

Crymble * states that two gastropancreatic ligaments are frequently present, viz. a 
vertical fold attaching the posterior border of the lesser curvature of the stomach to the 
Diaphragm and pancreas, and a horizontal fold between the pyloric part of the stomach 
and the pancreas. He gives as the boundaries of the foramen bursae pmenti majoris, 
the lesser curvature of the stomach, the pancreas and the gastropancreatic ligaments. 
He found these ligaments absent in seven out of thirty-five subjects. 

During a considerable part of foetal life the transverse colon is suspended 
from the posterior abdominal wall by a mesentery of its own, the two posterior 
layers of the greater omentum passing at this stage in front of the colon (fig. 209). 
This condition occasionally persists throughout life, but as a rule * adhesion 
occurs between the mesentery of the transverse colon and the posterior layer 
of the greater omentum, with the result that the colon appears to receive its 
peritoneal covering by the splitting of the two posterior layers of the latter 
fold. In the adult the omental bursa intervenes between the stomach and 
the structures on which that viscus lies, and performs therefore the functions 
of a serous bursa for the stomach. 

Numerous peritoneal folds extend between the various organs or connect 
them to the parietes ; they serve to hold the viscera in position, and, at the 
same time, enclose the vessels and nerves proceeding to them. They are 
grouped as ligaments, omenta, and mesenteries. 

The ligaments will be described with their respective organs. 

* Journal of Anatomy and Physiology , vol. xlviij 
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There are two omenta, the lesser and the greater. 

The lesser omentum is the fold of peritoneum which extends to the liver 
from the lesser curvature of the stomach and the commencement of the 
duodenum. It is continuous with the two layers which cover the antero- 
superior and postero -inferior surfaces of the stomach and the first part 
of the duodenum. When these two layers reach the lesser curvature of the 


Tig. 1094. — A diagram devised by Delepine to show the lines along which the 
peritoneum leaves the wall of the abdomen to invest the viscera. 

Right triangular Falciform ligament Left triangular 

ligament of liver of liver ligament of liver 


\ 

\ 



stomach and the upper border of the duodenum, they unite and ascend as 
a double fold to the porta hepatis ; to the left of the porta hepatis the fold 
is attached to the bottom of the fossa for the ductus venosus, along which 
it is carried to the Diaphragm, where the two layers separate to embrace 
the end of the oesophagus. At the right border of the omentum the two layers 
are continuous, and form a free margin which constitutes the anterior boundary 
of the epiploic foramen. The portion of the lesser omentum extending between 
the liver and stomach is named the hepatogastric ligament, while that between 
the liver and duodenum is the hepatoduodenal ligament. Between the two 
layers of the lesser omentum, close to the right free margin, are the hepatic 
artery, portal vein and bile-duct, a few lymph-glands and lymphatic vessels, and 
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the hepatic plexus of nerves — all these structures being enclosed in a fibrous 
capsule (Glisson’s capsule). The right and left gastric arteries run between the 
layers of the lesser omentum, where these are attached to the stomach. 


Fig. 1095. —The superior and inferior duodenal fossse. (After Jonnesco.) From 
Poirier and Charpy’s Traite d’Anatomie humaine. (Masson et Cie.) 



The greater omentum is the largest peritoneal fold. It consists of a double 
sheet, folded on itself so that it is made up of four layers. The two layers 


Fig. 1096. The paraduodenal fossa. (After Jonnesco.) From Poirier and 
Charpy’s Traite d’Anatomie humaine. (Masson et Cie.) 
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turn upon themselves, and ascend again as far as the transverse colon, where 
they separate and enclose that part of the intestine. These individual layers 
may be easily demonstrated in the young subject, but in the adult they are 
more or less inseparably blended. The left border of the greater omentum 
is continuous with the gastrolienal ligament ; its right border extends as far 
as the commencement of the duodenum. The greater omentum is usually 
thin, presents a cribriform appearance, and always contains some adipose 
tissue, which in fat people accumulates in considerable quantity. Between 
its two anterior layers, a short distance from the greater curvature of the 
stomach, is the anastomosis between the right and left ga-stro -epiploic vessels. 

The mesenteries are : the mesentery (mesentery proper), the mesenteriole 
of the vermiform process, the transverse mesocolon, and the sigmoid mesocolon. 
In addition to these an ascending and a descending mesocolon are sometimes 
present. 

Fig. 1097. — The retroduodenal fossa. (After Jonnesco.) From Poirier and 
Charpy’s Traite d’Anatomie humaine. (Masson et Cie.) 



The mesentery is a broad, fan-shaped fold of peritoneum connecting the 
convolutions of the jejunum and ileum with the posterior wall of the abdomen. 
Its root— the border connected with the structures in front of the vertebral 
column— is about 15 cm. long, and is directed obliquely from the duo- 
denojejunal flexure at the left side of the second lumbar vertebra to the 
right sacro-iliac articulation (fig. 1094). Its intestinal border is about 6 metres 
long ; and here the two layers separate to enclose the intestine ana form 
its peritoneal coat. The mesentery is short at the upper part of the jejunum, 
but lengthens rapidly to about 20 cm., and is thrown into numerous pleats or folds. 
It suspends the jejunum and ileum, and contains betw r een its layers the jejunal 
and ileal branches of the superior mesenteric artery, with their accompanying 
veins and plexuses of nerves, the lymphatic (lacteal) vessels, the mesenteric 
lymph-glands, and a varying amount of fatty tissue. 

The mesenteriole of the vermiform process (fig. 1098) is a triangular fold ot 
peritoneum which clothes the vermiform process, and is attached to the back 
of the lower end of the mesentery, close to the ileoesecal junction. Between 
its layers are the blood-vessels, nerves and lymphatic vessels of the vermiform 
process, together with a lvmph-gland. 
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The transverse mesocolon is a broad fold connecting the transverse colon 
to the posterior wall of the abdomen. It is continuous with the two posterior 
layers of the greater omentum, which, after separating to surround the trans- 
verse colon, join behind it, and are continued to the vertebral column, where 
they diverge in front of the anterior border of the pancreas. This fold contains 
between its layers the blood-vessels, nerves and lymphatics of the transverse 
colon. 

The sigmoid mesocolon is a fold of peritoneum which attaches the sigmoid 
colon to the pelvic wall. Its line of attachment forms a V-shaped curve, the 
apex of the curve being placed near the point of division of the left common 
iliac artery. The curve begins on the medial side of the left Psoas major, 


Fig. 1098. — The terminal part of the ileum, the caecum and the vermiform 
process. Anterior aspect. 
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and runs upwards and backwards to the apex, from which it bends sharply 
downwards, and ends in the median plane at the level of the third sacral vertebra. 
The sigmoid and superior hsemorrhoidal vessels run between the two layers 
of the sigmoid mesocolon. 

In most eases the peritoneum covers only the front and sides of the ascending 
and descending parts of the colon, but sometimes these are surrounded by 
peritoneum and attached to the posterior abdominal wall by an ascending 
and a descending mesocolon respectively (p. 1166*). A fold of peritoneum, 
the phrenicocolic ligament , is continued from the left colic flexure to the 
Diaphragm opposite the tenth and eleventh ribs ; it passes below, and serves to 
support, the spleen, and therefore has received the name of sustentaculum lienis . 

The appendices epiploicm are small pouches of the peritoneum filled with 
fat and situated along the colon and upper part of the rectum. They are 
chiefly appended to the transverse and sigmoid parts of the colon. 

Peritoneal recesses or fossae. — In certain parts of the abdominal 
cavity there are peritoneal recesses or pouches, which are of surgical interest 
in connexion with the possibility of the occurrence of c retroperitoneal 5 
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iiernise. The largest of these is the omental bnrsa (p. 1139), but others of 
smaller size require mention, and may be divided into three groups, viz. : 
duodenal, csecal, and intersigmoid. 

1. Duodenal fossce (figs. 1095 to 1097). — Five of these fossae are usually 
described, viz. a superior and an inferior duodenal, a paraduodenal, a retro- 
duodenal, and a duodenojejunal or inesocolic. The paraduodenal fossa may 
occur together with the superior and inferior duodenal fossae, but the retro- 
duodenal and duodenojejunal are not found in conjunction with the other 
varieties, (a) The superior duodenal fossa (fig. 1095) is present in about 50 per 
cent, of bodies. It lies on the left side of the upper segment of the ascending 
portion of the duodenum, behind a sickle-shaped fold of peritoneum, named 


Fig. 1099. — The csecal fossa. The ileum and caecum are drawn backwards and 
upwards. (After Jonnesco.) From Poirier and Charpy’s Traite d’Anatomie 
humaine. (Masson et Cie.) 
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the superior duodenal fold ; the upper part of the inferior mesenteric vein 
usually runs between the layers of this fold. The fossa is about 2 cm. deep, 
and its orifice, directed downwards, admits a finger-tip. ( b ) The inferior duodenal 
fossa (fig. 1095) is present in about 75 per cent, of bodies. It is placed on the 
left side of the lower segment of the ascending portion of the duodenum behind 
a non vascular triangular fold of peritoneum, named the inferior duodenal 
fold. This fossa has an average depth of 3 cm., and its orifice, which admits 
the tips of one or two fingers, is directed upwards and faces that of the superior 
duodenal fossa. In some cases the fossa extends to the left in front of the 
ascending branch of the left colic artery, and the inferior mesenteric vein, 
(c) The paraduodenal fossa (fig. 1096) lies a short distance to the left of the 
ascending portion of the duodenum, and, though frequently present in the 
new-born child, is rarely found in the adult. It is placed behind a falciform 
fold (paraduodenal fold) of peritoneum, the free edge of which contains the 
ascending branch of the left colic artery, and frequently the inferior mesenteric 
vein, the fold forming- a mesentery for these vessels. The free margin of the 
fold, and the wide orifice of the fossa, are directed towards the right, (d) 
The retroduodenal fossa (fig. 1097), the largest of the duodenal fossa, is only 
occasionally present. It lies behind the horizontal and ascending parts of the 
duodenum, and in front of the aorta. It extends upwards nearly as far as the 
duodenojejunal junction, and towards the left as far as, or beyond, the inferior 
mesenteric vein, which may run in its anterior wall. The orifice of the fossa 
looks downwards, (e) The duodenojejunal or mesocolic fossa lies on the left 
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• x or . ^ ee P surface is adherent to a fibrous capsule which is continued 

into the plica triangularis. This surface is separated by some loose connective 
tissue from the Constrictor pharyngis superior ; this muscle intervenes between 
the tonsil and the external maxillary artery with its tonsillar and ascending 
palatine branches. Some muscular fibres are inserted into the lower and 
posterior parts of the capsule. The internal carotid artery lies about 2*5 cm. 
behind and lateral to the tonsil. 

The palatine tonsils form part of a circular band of adenoid tissue which 
guards the opening into the digestive and respiratory tubes. The anterior part 
of the ring is formed by the submucous adenoid collections (lingual tonsil) 
on the pharyngeal part of the tongue ; the lateral portions consist of the pala- 
tine tonsils and the adenoid collections in the vicinity of the auditory tubes ; 
the ring is completed behind by the pharyngeal tonsil on the posterior wall 
of the pharynx. In the intervals between these main masses are smaller 
collections of adenoid tissue. 

Structure (fig. 1080). — The crypts of the tonsil are lined by stratified squamous epithe- 
lium, which is continuous with that of the mucous membrane of the pharynx, and is invaded 
by numerous lymph-corpuscles ; probably some of the latter pass into the mouth and form, 
the so-called salivary corpuscles. The tonsil consists of lymphoid tissue which is arranged 
in nodules or follicles. The lymphocytes are less closely packed in the centre of each nodule 


Fig. 1080. — A section through a human tonsil. Stained with hsematoxylin 
and eosin. x 8. 


4 . 



which is described as a germ-centre , because multiplication of the corpuscles goes on in 
this situation. Surrounding each follicle is a close plexus of lymphatics, from which the 
lymphatic vessels pass to the deep cervical lymph-glands in the neighbourhood of the 
greater cornu of the hyoid bone, behind and below the angle of the mandible (p. 756). 

Vessels and Nerves. — The arteries supplying the tonsil are the dorsalis linguae branches 
of the lingual artery, the ascending palatine and tonsillar branches of the external maxillary 
artery, the ascending pharyngeal branch of the external carotid artery, the descending 
palatine branch of the internal maxillary artery, and a twig from the small meningeal artery. 

The veins end in the tonsillar plexus, on the lateral side of the tonsil. 

The nerves are derived from the sphenopalatine ganglion, and from the glossopharyn- 
geal nerve. 

Applied Anatomy . — The palatine tonsils can be easily inspected by instructing the 
patient to throw the head back and open his mouth widely, the tongue at the same time 
being depressed by a spatula or tongue-depressor. The normal tonsil should not project 
beyond the plane of the glossopalatine arch. They are prone to become enlarged, especi- 
ally in tuberculous children ; and when much increased in size they cause great trouble, 
owing to obstruction to respiration and deglutition. The tonsils may be the seat of acute 
inflammation, which may run on to suppuration, requiring evacuation of the pus. Pus 
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sharply to the left, the base of the cone being continuous with the cardiac 
orifice of the stomach. The right margin of the oesophagus is continuous 
with the lesser curvature of the stomach, while the left margin joins the greater 
curvature at an acute angle, termed the incisura cardiaca. 

The opening by which the stomach communicates with the duodenum is 
named the pyloric orifice^ and its position is usually indicated by a circular 
groove, the duodenopyloric constriction which indicates the position of the 
pyloric sphincter. The pyloric orifice lies to the right of the middle line at 
the level of the upper border of the first lumbar vertebra. 

Curvatures. — The lesser curvature , extending between the cardiac and 
pyloric orifices, forms the right or posterior border of the stomach. It descends 
as a continuation of the right margin of the oesophagus in front of the fibres 
of the right crus of the Diaphragm, and then, turning to the right, it crosses 
the first lumbar vertebra and ends at the pylorus. Nearer its pyloric than 
its cardiac end is a notch, the incisura angularis , which varies somewhat in 
position with the state of distension of the viscus ; it serves to separate the 
stomach into a right and a left 
portion. The lesser curvature gives 

attachment to the hepatogastric Fig * outiirle _ 

ligament, between the two layers stomaoh - < From a model b >' A - E - Barclay.) 


Fundus distended with gas 


Lesser 

Curvature- 

Duodenum 
Pylorus _ 
Incisura - 
angularis 
Pyloric party 


-Greater 

curvature 


of which are the right and left Incisura cardiaca Fundus distended with gas 

gastric arteries. . x . Cardiac orifice 

The greater curvature is directed | I 

mainly forwards, and is four or five Antrum v \/ \ 

times as long as the lesser curvature. cardiacum-\ — ^ \ 

Starting from the cardiac orifice at \ \ 

the incisura cardiaca, it forms an Lesser \ I 

arch backwards, upwards, and to curvature— l 

the left ; the highest point of the UBody 

convexity is on a level with the Duodenum | A \ /-Greater 

sixth left costal cartilage. From Pylorus \ / curvature 

this level it may be followed down- IncisuraZL.. \j / 

wards and forwards, with a slight angularis L/ / / 

convexity to the left as low as the Pyloric part^X I 

cartilage of the ninth rib ; it then \. J 

turns to the right, to end at the 
pylorus. Directly opposite the in- 
cisura angularis of the lesser cur- 
vature the greater curvature presents a bulging, which is the left extremity 
of the pyloric part of the stomach ; this is limited on the right by a slight 
groove, the sulcus intermedins , which is from 2 to 3 cm. from the duodeno- 
pyloric constriction. At its commencement the greater curvature is covered 
by peritoneum continuous with that on the front of the stomach. The left 
part of the curvature gives attachment to the gastrolienal ligament, while to its 
anterior portion are attached the two layers of the greater omentum, separated 
from each other by the gastro -epiploic vessels. 

Surfaces. — -When the stomach is empty and its wall contracted, its surfaces 
are directed upwards and downwards respectively, but when it is distended 
they look forwards and backwards. They may therefore be described as 
anterosuperior and postero-inferior. 

Anterosuperior surface . — The left half of this surface is in contact with 
the Diaphragm, which separates it from the base of the lqft lung, the pericardium, 
and the "seventh, eighth, and ninth ribs and intercostal spaces of the left side. 
The right half is in relation with the left and quadrate lobes of the liver and 
with the anterior abdominal wall. When the stomach is empty, the transverse 
colon may lie on the front part of this surface. The whole surface is covered 


by peritoneum. _ 

The postero-inferior surface is in relation with the Diaphragm, the gastric / 
surface of the spleen, the left suprarenal gland, the upper part of the front ; 
of the left kidney, the anterior surface of the pancreas, the left colic flexure, f 
and the upper layer of the transverse mesocolon. These structures form a*' 
shallow bed, the stomach-bed, on which the viscus rests. The transverse meso- 
colon separates the stomach from the duodenojejunal flexure and small intestine. 
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The postero -inferior surface is covered by peritoneum, except over a small 
area close to the cardiac orifice; this area is limited by the lines of attachment 

of the gastrophrenic ligament, and lies in 
Fig. 1101.— A diagram show- apposition with the Diaphragm, and frequently 

mg the shape and position with the upper portion of the left suprarenal 

of the empty stomach. gland. 

Erect posture (After 

A. F. Hurst.) Component parts of the stomach. — A plane passing 

through the incisura angularis on the lesser curvature 
and the left limit of the opposed bulging on the 
greater curvature divides the stomach into a large, left 
portion or body and a small, right or pyloric portion. 
The upper portion of the body is known as the fundus 
and is marked off from the remainder of the body by a 
plane passing horizontally through the cardiac orifice. 

By means of arrays the form and position of the 
stomach can be studied in the living subject after the 
administration of a meal containing bismuth. During 
the process of digestion, it is divided by a muscular 
constriction into a large dilated left portion, and a 
narrow 7 contracted tubular right portion. The con- 
striction is in the body of the stomach, and does not 
follow any of the anatomical landmarks ; indeed, it 

Fig. 1 102. A diagram show 7 - shifts gradually towards the left as digestion progresses. 

ing the shape and position The position of the stomach varies with the posture, 

of the moderately filled with the amount of the stomach contents, and with the 

stomach. Erect posture. condition of the intestines on which it rests (figs. 1101 

(After A. F. Hurst.) * to H03). In the erect posture the empty stomach is 

somewhat J -shaped; the part above the cardiac 
orifice is usually distended with gas ; the pylorus de- 
scends to the level of the second lumbar vertebra, and 
the most dependent part of the stomach is at the level 
of the umbilicus. Variation in the amount of its. 
contents affects mainly the body of the stomach, the 
pyloric portion remaining in a more or less contracted 
condition during the process of digestion. As the 
stomach fills it tends to expand forwards and down- 
wards in the direction of least resistance, but when this, 
is interfered with by a distended condition of the colon 
or intestines the fundus presses upwards on the liver 
and Diaphragm and gives rise to the feelings of oppres- 
sion and palpitation complained of in such cases. His *' 
and Cunningham f have shown by hardening the 
viscera in situ that the contracted stomach has a sickle 
shape, the fundus looking directly backwards. The 
Jig. 1103.— A diagram show- surfaces are directed upwards and downwards, the 

ing the shape and position upper surface having, however, a gradual downward 

of the distended stomach. slope to the right. The greater curvature is in front 

■~ re S,k . P os ^ ure * (After and a t a slightly higher level than the lesser. 

A. F. Hurst.) The position of the full stomach depends, as 

already indicated, on the state of the intestines : when 
the latter are empty the fundus expands vertically and 
also forwards, the pylorus is displaced towards the 
right, and the whole organ assumes an oblique position, 
so that its surfaces are directed more forwards and 
backwards; The lowest part of the stomach is at 
the pyloric vestibule which reaches to the region of 
the umbilicus. Where the intestines interfere with the 
downward expansion of the fundus the stomach retains, 
the horizontal position which is characteristic of the 
contracted viscus. 

Interior of the stomach. — When examined after death,, 
the stomach is usually fixed at some temporary stage 
of the digestive process. A common form is that 
shown in fig. 1104. If the viscus be laid open by a 
section through the plane of its two curvatures, it is- 
seen to consist of two segments : (a) a large globular portion on the left and (b) a narrow 
tubular part on the right. To the left of the antrum cardiacum is the incisura cardiaca t 

* Archiv fiir Anatomie und Physiologic , anat. Abtk ., 1903. 
t Transactions of the Royal Society of Edinburgh , vol. xlv. part i. 
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the projection of this notch into the cavity of the stomach increases as the organ distends, 
and has been supposed to act as a valve preventing regurgitation into the oesophagus. In 
the pyloric portion are seen : (a) the elevation corresponding to the incisura angularis, 
and (b) the circular thickening of the pyloric sphincter. 


Fig. 1104. — The interior of the stomach. 



F. T. Lewis * has modelled the gastric epithelium in the human embryo, and has shown 
that a canal (named by him the gastric canal) extends along the lesser curvature from the 
antrum cardiacum to the incisura angularis (fig. 1105), the distinctness of the canal being 
strikingly shown wdien the model is 

’ ” " * ’ -f- 

Fig. 1 105. — A diagram showing the subdivisions 
of the human stomach. (F. T. Lewis.) 


viewed from the inside. Jefferson f 
has brought forward radiographic 
evidence to show that such a canal 
exists in the adult. He found that 
in eighteen out of twenty-two cases 
examined whilst in the act of swallow- 
ing a mixture of oxychloride of bismuth 
and milk the fluid was confined to the 
lesser curvature. He is of the opinion 
that the oblique muscular coat of the 
stomach is so arranged that by its 
contraction it will cause a temporary 
cutting off of a canal along the lesser 
curvature. 

The pyloric sphincter is a mus- 
cular ring composed of a thickened 
portion of the circular layer of the 
muscular coat ; this ring is covered 
by a reduplication of the mucous 
membrane. Some of the deeper longitudinal fibres turn in and interlace with 
the fibres of the sphincter. 


Incisura cardiaca 

Antrum cardiacum 

Gastric canal — 
Incisura angularis j 
Pylorus 


Duodenum j 
Pyloric antrum 



Pyloric vestibule 
Sulcus intermedins 


Structure. — The wall of the stomach consists of four coats : serous, muscular, areolar, 
and mucous, together with vessels and nerves. 

The serous coat is derived from the peritoneum, and covers the entire surface of the 
organ, excepting (a) along the greater and lesser curvatures at the lines of attachment of 
the greater and lesser omenta, where the two layers of peritoneum leave a small space, 
triangular in section, in which the vessels and nerves pass; and ( b ) a small area on the postero- 
inferior surface of the stomach, close to the cardiac orifice, where the stomach is in contact 
with the under surface of the Diaphragm. 

* American Journal of Anatomy, vol. xiii. 
t Journal of Anatomy and Physiology, vol. xlix. 
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with' (f?gS ‘ 11 °*V 10 T ) is situated immediately beneath the serous covering 


Fig. 1106.— The longitudinal and circular muscular fibres of 
Anterosuperior aspect. (Spalteholz.) 


the stomach. 



Fig. 1107.— The oblique muscular fibres of the stomach. 
Anterosuperior aspect. (Spalteholz.) 



first set coMists^f fib^continuoi^^th the r f Cia -t ^ prearranged in two sets. The 
"° m *• «*» - ~ 



THE STOMACH 


1151 


commences on the body of the stomach and passes to the right, its fibres becoming more 
thickly arranged as they approach the pylorus. Some of the more superficial fibres of this 
set pass on to the duodenum, but the deeper fibres dip inwards and interlace with the 
fibres of the pyloric sphincter. 

The circular fibres form a uniform layer over the whole exten t of the stomich beneath 
the longitudinal fibres. At the pylorus they are most abundant, and are there aggregated 
into a ring, which forms the pyloric sphincter . The circular fibres of the stomach are con- 
tinuous with the circular fibres of the oesophagus, but are sharply marked off from the 
circular fibres of the duodenum by a connective tissue septum. 

The oblique fibres, internal to the circular layer, are limited chiefly to the body of the 
stomach. They sweep downwards from the incisura cardiaca and run more or less parallel 
with the lesser curvature. On the right they present a free and well-defined margin 
(fig. 1107) ; on the left they blend with the circular fibres. 


Fig. 1108. — A section through the mucous membrane of a human stomach, near 
the cardiac orifice. x45. (v. Ebner, after J. Schaffer.) 



c. Cardiac glands, d. Their ducts, cr. Gland similar to the intestinal glands, with goblet- 
cells." mm. Mucous membrane, m. Muscularis mueosse. m‘. Muscular tissue within the 
mucous membrane. 


The areolar or submucous coat consists of loose, areolar tissue, connecting the mucous 
and muscular layers. 

The mucous membrane is thick and its surface is smooth, soft, and velvety. In the 
fresh state it is of a p inki sh tinge at the pyloric end, and of a red or reddish-brown colour 
over the rest of its surface. In infancy it is of a brighter hue, the vascular redness being 
more marked. It is thin at the cardiac extremity, but thicker towards the pylorus. 
During the contracted state of the organ it is thrown into numerous folds or rugae, which 
for the most part have a longitudinal direction, and are best marked towards the pyloric 
end of the stomach, and along the greater curvature (fig. 1104). These folds are obliterated 
when the organ is distended. * 

Structure of the mucous membrane. — When examined with a lens, the inner surface ol 
the mucous membrane presents a peculiar honeycomb appearance from being covered with 
small shallow depressions or alveoli, of a polygonal or hexagonal form, which vary from 
0T2 mm. to 0‘25 mm. in diameter. These are the ducts of the gastric glands, and at the 
bottom of each may be seen one or more minute orifices, the openings of the gland-tubes. 
The surface of the mucous membrane is covered by a single layer of columnar epithelium 
with occasional goblet-cells. This epithelium commences very abruptly at the cardiac 
orifice, where there is a sudden transition from the stratified epithelium of the oesophagus. 
The epithelial lining of the gland-ducts is of the same character and is continuous with 

the general epithelial lining of the stomach. ■ " , , . 

The gastric glands are of three kinds: (a) cardiac, (b) fundus or oxyntic, and (c) 
pyloric. The cardiac glands (fig. 1108), few in number, occur close to the cardiac orifice. 
They are of two kinds : (1) simple tubular glands resembling those of the pyloric end of 



1152 


SPLANCHNOLOGY 


the stomach, but with short ducts ; (2) compound racemose glands resembling the duo- 
denal glands. The fundus glands (fig. 1109) are found in the body and fundus of the 
stomach ; they are simple tubes, two or more of which open into a single duct. The duct 
is short, sometimes not amounting to more othan one-sixth of the whole length of the 
gland. The epithelium of the fundus glands consists of (1) short columnar, granular 
cells, known as the chief or central cells , and (2) larger, oval cells, termed parietal or oxyntic 
cells. The latter lie between the chief cells and the basement- membrane, and stain deeply 
with eosin ; they do not form a continuous layer, but occur at intervals and so give the 
tube a beaded appearance. They are connected with the lumen of the gland by fine channels 
which run in the substance of the cells. The pyloric glands (fig. 1110) are found in the 


Fig. 1110. — A pyloric gland, from 
a section through a dog’s stomach. 
Fig. 1109. — A fundus gland. (Ebstein.) (From Quain’s Ele- 

ments of Anatomy, Yol. II. Pt. I.) 



m. Mouth, n. Week, tr . A deep portion of 
a tubule cut transversely. 


pyloric portion of the stomach. Each consists of two or three short convoluted tubes 
opening into a funnel-shaped duct. The tubes are lined by cubical cells which are finely 
granular. Parietal or oxyntic cells are present in some of the pyloric glands. The ducts 
occupy about two-thirds of the depth of the mucous membrane. 

Between the glands the mucous membrane consists of a connective tissue framework, 
with lymphoid tissue. In places, this latter tissue, especially in early life, is collected into 
little masses, which resemble the solitary lymphatic nodules of the intestine, and are termed 
the lenticular glands of the stomach. They are not, however, so distinctly circumscribed 
as the solitary nodules. The mucous membrane is bounded on its deep surface by a thin 
stratum of involuntary muscular fibres (muscularis mucosae), which in some parts consists 
only of a single longitudinal layer ; in others of two layers, an inner circular and an outer 
longitudinal. 

t X* SSe \ S anC * ^ erves * — H ie arteries supplying the stomach are : the left gastric branch 
of the coeliac artery, the right gastric and right gastro-epiploic branches of the hepatic 
artery, and the left gastro- epiploic and short gastric branches of the lienal artery. They 
supply the muscular coat, ramify in the submucous coat, and are finally distributed to 
the mucous membrane. The arrangement of the vessels in the mucous membrane is 
somewhat peculiar. The arteries break up at the deep ends of the gastric glands into a 



THE SMALL INTESTINE 


1153 


plexus of fine capillaries which run upwards between the glands, anastomosing with each 
other, and ending m a plexus of larger capillaries, which surround the mouths of the 
glands, and also form hexagonal meshes around the dar.d-duets. From these the veins 
arise, and pursue a straight course dowr.^Tird^. betw-.-vn t-I.o glands, to the submucous 
tissue; they end either in the Ji.-md - superior mesenteric veins, or directly in the 
portal vein. The lymphatic vessels are numerous; they consist of a superficial and a 
deep set, and pass to the lymph-glands found along the two curvatures of the organ 
(p. 769). The nerves are the terminal branches of the rieht and left vagi, the former 
being distributed upon the back, and the latter upon the front part of the stomach. A 
great number of branches from the cceliac plexus of the sympathetic are also distributed 
to it. Nerve-plexuses are found in the submucous coat and between the layers of the 
muscular coat, as m the intestine. From these plexuses fibrils are distributed to the 
muscular tissue and the mucous membrane. 

Applied Anatomy .-—Operations on the stomach are frequently performed. By ‘gas- 
trotomy ’ is meant an incision into the stomach for the removal of a foreign body, the 
opening being immediately afterwards closed — in contradistinction to ‘gastrostomy/ the 
making of a more or less permanent fistulous opening for purposes of feeding, when 
the patient cannot obtain sufficient nourishment owing to some form of oesophageal 
obstruction. 

In cases of gastric ulcer perforation of the stomach not infrequently takes place. By 
opening the abdomen and closing the perforation, the vast majority of cases are cured", 
provided the operation is done not longer than twelve or fifteen hours after the perforation 
has taken place. The opening, which is generally situated on the anterior surface of the 
storm, u-.h near :ke pylorus, is best closed by bringing the peritoneal surfaces on either side 
into apposition by means of Lembert’s sutures. 

Excision of the pylorus has occasionally beer, performed, but- the results of this opera- 
tion are by no means favourable, and, in cases o: eum::.-** or the pylorus, before operative 
proceedings are undertaken, the tumour has become so fixed and has so far implicated 
surro;::ruiirg parts that removal of the pylorus is impossible and gastro-eyiicrostomy has to 
be substituted. The object of this operation is to make a fistulous communication 
between the stomach, on the cardiac side of the disease, and the small intestine, as high 
up as is possible. It gives great relief in any form of obstruction to the pylorus, especi- 
ally when associated with dilatation of the stomach. In this opera ri.-n viukrr the 
anterior or the posterior surface of the stomach may be anastomosed to the jejunum, the 
latter for preference, in which case an opening has first to be made through the trans- 
verse mesocolon in order to reach the lesser sac. This opening must particularly avoid 
the middle colic vessels. In cases of cancer of the stomach involving other parts than 
the pylorus, the question of removing the whole or greater part of the stomach has to be 
considered. 

Hypertrophy and spasm of the circumferential muscular coat of the pylorus coming 
on during the first few T weeks or months of life, and somewhat erroneously described as 
congenital hypertrophic stc?iosis of the pylorus , is a serious disorder of infancy. It is 
characterised by abdominal pains and obstinate vomiting coming on after food has been 
given. G-astric peristalsis can be observed by inspection of the child’s epigastrium after 
it has been fed and before vomiting has occurred. Progressive wasting from want of 
nourishment, and death from exhaustion, tend to ensue. Gastro-enterostomy gives 
favourable results in a small proportion of cases. 

The stomach is seldom ruptured from external violence, on account of its protected 
position. If it occurs, it is when the organ is distended with food. The stomach is 
sometimes injured in gunshot wounds. There is intense shock and severe pain, localised 
at first at the seat of the injury, but soon radiating over the whole abdomen. The treat- 
ment consists in opening the peritoneal cavity, clearing away all the extruded contents 
of the stomach, and repairing the rent. 


The Small Intestine (Intestinum Tenue) 

The small intestine is a convoluted tube, extending from the pylorus to the 
colic valve, where it joins the large intestine. It is about 6*5 metres long, and 
gradually diminishes in diameter from its commencement to its termination. 
It is contained in the central and lower parts of the abdominal cavity and 
is surrounded above and at the sides by the large intestine ; it is in relation, 
in front, with the greater omentum and abdominal parietes ; a portion of it 
extends below the superior aperture of the pelvis and lies in front of the rectum. 
The small intestine consists of (1) a short, curved portion which is devoid of 
a mesentery and is named the duodenum, and (2) a long, greatly coiled part 
which is attached to the posterior abdominal wall by the mesentery (p. 1143), 
and is named the intestinum tenue mesenteriale ; the proximal two-fifths of 
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the latter constitute the jejunum (intestinum jejunum), the distal three-fifths 
the ileum (intestinum ileum). 

The duodenum (fig. 1111) is so named because its length is about equal 
to the breadth of twelve fingers (25 cm.). It is the shortest, widest, and most 
fixed part of the small intestine ; it has no mesentery, and is only partially 
covered by peritoneum. Its course presents a remarkable curve, somewhat of 
the shape of an imperfect circle. 

It begins at the pylorus, passes backwards, upwards and to the right, 
beneath the quadrate lobe of the liver to the neck of the gall-bladder, varying 
slightly in direction according to the degree of distension of the stomach ; it 
then makes a sharp curve (superior duodenal flexure) and descends along 
the right margin of the head of the pancreas, for a variable distance, generally 
to the level of the upper border of the body of the fourth lumbar vertebra. 
It now makes a second bend (inferior duodenal flexure), and passes almost 
horizontally from right to left across the vertebral column, having a slight 


Fig. 1111. — The duodenum and pancreas. Exposed from the front. 



inclination upwards ; it then ascends in front of the abdominal aorta for about 
2*5 cm., and ends opposite the second lumbar vertebra in the jejunum. At 
its union with the jejunum it turns abruptly forwards, forming the duodeno- 
jejunal flexure. For descriptive purposes it is divided into superior, descending, 
horizontal, and ascending portions. 

Relations. — The superior portion is about 5 cm. long, and is the most 
movable of the four portions ; it begins at the pylorus, and ends at the neck of 
the gall-bladder. It is covered by peritoneum with the exception of a small 
part of its posterior surface near the neck of the gall-bladder and the inferior 
vena cava ; the hepatoduodenal ligament is attached to the upper border, 
and the greater omentum to the low r er border of the proximal half. It is in 
relation ahove and in front with the quadrate lobe of the liver and the gall- 
bladder ; .behind with the gastroduodenal artery, the bile-duct, and the portal 
vein ; and below and behind with the head and neck of the pancreas. It is 
in such close relation with the gall-bladder that it is usually found to he stained* 
by bile after death, especially on its anterior surface. 

The descending portion , from 8 cm. to 10 cm. long, descends from the neck 
of the gall-bladder along the right side of the vertebral column as low as the 
upper border of the body of the fourth lumbar vertebra. It is crossed by the 
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transverse colon, the posterior surface of which is connected to the duodenum 
by a small quantity of connective tissue. The parts above and below the 
transverse colon are covered in front by peritoneum. It is in relation, in front, 
from above downwards, with the duodenal impression on the right JobelS'tKe 
liver, the transverse colon, and the small intestine ; h duaud, it "has a variable 
relation to the front of the right kidney in the neighbourhood of its hiluin, 
and is connected to it by loose areolar tissue ; the renal vessels, the right edge 
of the inferior vena cava, and the Psoas major, are also behind it/ At its 
medial side is the head of the pancreas, and the bile-duct ; at its lateral side 
is the right colic flexure. The bile-duct and the pancreatic duct together 
perforate the medial side of this portion of the duodenum obliquelv, and open 
by a common orifice on the summit of a papilla (papilla duodeni) (figs. 1112, 
1137), from 8 cm. to 10 cm. distal to the pylorus ; the accessory pancreatic 
duct, when present, pierces it about 2 cm. proximal to and slightly in front of 
the papilla duodeni. 



The horizontal portion , about 10 cm. long, begins at the right side of the 
upper border of the fourth lumbar vertebra and passes from right to left, with 
a slight inclination upwards, in front of the inferior vena cava, and ends in 
the ascending portion in front of the abdominal aorta. Its anterior surface is 
covered by peritoneum, except near the middle line, where it is crossed by the 
superior mesenteric vessels. Its posterior surface is uncovered by peritoneum, 
except towards its left extremity, where the posterior layer of the mesentery 
sometimes covers it to a variable extent. XU& surface rests upon the ri gh t 
ureter, the right Psoas major, the right testicular vessels, the inferior vena 
cava. The upper surface is in relation with the head of the pancreas ; the 
lower, with the coils of the jejunum. 

i The ascending portion , about 2*5 cm. long, ascends on the aorta, as far as 
the level of the upper border of the second lumbar vertebra, where it turns 
abruptly forwards (duodenojejunal flexure) and is continuous with the jejunum. 
It lies in front of the left Psoas major, the left renal and testicular vessels, 
and is covered in front, and partly at the sides, by peritoneum continuous 
with the left portion of the mesentery. 

The superior part of the duodenum, as stated above, is somewhat movable, 
hut the rest is practically fixed, and is bound down to neighbouring viscera 
and the posterior abdominal wall. In addition to this, the ascending part of 
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the duodenum and the duodenojejunal flexure are fixed by the Musculus 
suspensorms duodeni (muscle of Treitz) which arises from the right crus of the 
Diaphragm, close to the right margin of the oesophagus. It passes downwards 
and slightly forwards in close relation with the coeliac artery (sometimes divid- 
ing to enclose this vessel) and is attached to the posterior surface of the upper 
part of the duodenojejunal flexure, many fibres being continued into the 
mesentery.* This muscle consists of three parts, viz. an upper of striped 
muscular fibres, an intermediate elastic tendon, and a lower of unstriped 
muscular fibres. 

Vessels and Nerves.-— -The arteries supplying the duodenum are the right gastric and 
superior pancreaticoduodenal branches of the hepatic, and the inferior pancreatico- 
duodenal branch of the superior mesenteric. The veins end in the lienal and superior 
mesenteric veins. The nerves are derived from the coeliac plexus. 

The mesenteric part of the small intestine (intestinum tenue mesenteriale), 
about 6 metres long, extends from the duodenojejunal flexure to the colic 
valve, where it ends in the csecum of the large intestine ; it is arranged in a 
series of coils or loops which are attached to the posterior abdominal wall 
by the mesentery. It is divided into jejunum and ileum, the former name 
being given to the upper two-fifths and the latter to the lower three-fifths. 
There is no morphological line of distinction between these two parts, and 
the division is arbitrary ; but at the same time the character of the intestine 
gradually undergoes a change from the beginning of the jejunum to the end 
of the ileum, so that portions of the bowel taken from these two situations 
present characteristic differences. 

The jejunum (intestinum jejunum) has a diameter of about 4 cm., and is 
thicker, redder and more vascular than the ileum. The circular folds or 
valvulae conniventes (p. 1158) of its mucous membrane are large and thickly 
set, and its villi surpass those of the ileum in size. The aggregated lymphatic- 
nodules (p. 1160) are almost absent in the upper part of the jejunum ; in the 
lower part they are less frequently found than in the ileum, and are smaller 
and tend to assume a circular form. By grasping the jejunum between the 
finger and thumb the circular folds can be felt through the wall of the gut ; 
as these folds are absent from the lower part of the ileum, it is possible in 
this way to distinguish the upper from the lower part of the small intestine. 

The ileum (intestinum ileum) has a diameter of 3*5 cm., and its coats are 
thinner than those of the jejunum. A few circular folds are present in the 
upper part of the ileum, but they are small and disappear almost entirely towards 
its lower end ; the aggregated lymphatic-nodules (Peyer’s glands) are, however, 
larger and more numerous than in the jejunum. The jejunum for the most 
part occupies the umbilical and left iliac regions, while the ileum is situated 
chiefly in the umbilical, hypogastric, right iliac, and pelvic regions. The 
terminal part of the ileum usually lies in the pelvis, from which it ascends 
over the right Psoas major and right iliac vessels ; it ends in the right iliac fossa 
by opening into the medial side of the caecum. 

The jejunum and ileum are attached to the posterior abdominal wall by an 
extensive fold of peritoneum, the mesentery , which allows of very free motion, 
so that each coil can accommodate itself to changes in form and position. The 
mesentery is fan-shaped ; its vertebral border or root, about 15 cm. long, 
is attached to the posterior abdominal wall along a line r unnin g from the left 
side of the body of the second lumbar vertebra to the right sacro-iliac articula- 
tion, and crossing successively the horizontal part of the duodenum, the aorta, 
the inferior vena cava, the right ureter, and right Psoas major (fig. 1094). Its 
average breadth from the vertebral to the intestinal border is about 20 cm., but is 
greater in the middle than at its upper and lower ends ; according to Loekwooci 
the breadth of the mesentery tends to increase as age advances. Between 
the two layers of the mesentery are contained the jejunum, ileum, the jejunal 
and ileal branches of the superior mesenteric blood-vessels, nerves, lacteals, 
and lymph-glands, together with a variable amount of fat. 

Meckel's diverticulum . — This is a pouch which projects from the lower part of the 
ileum in about 2 per cent, of subjects. Its average position is about 1 metre above the • 

* A. Low, Journal of Anatomy and Physiology , vol. xlii. 



THE SMALL INTESTINE 


1157 


colic valve, and its average length about 5 cm. Its calibre is generally similar to that 
of the ileum, and its blind extremity may be free or may be connected with the abdominal 
wall or with some other portion of the intestine by a fibrous band. It represents the 
remains of the proximal part of the vitelline duct, the duct of communication between 
the yolk-sac and the primitive digestive tube in early foetal life (p. 56). 


Fig. 1113. — A section through the duodenum of a cat. x 60. (From 
Sharpey Schafer’s Essentials of Histology.) 



Villi 


Intestinal glands 


M uscularis mucosas 


Duodenal glands in 
sub m ucosa 


Circular muscular laye r 


Longitudinal muscular 
layer 

Serous coat 


Structure.— The wail of the small intestine (fig. 1113) is composed of four coats: 

serous, muscular, areolar, and mucous. . ... , , w - 

The serous coat is formed of peritoneum. The superior portion of the duodenum is 
almost completely surrounded by this membrane near its pyloric end, but m only covered 
in front at the other extremity; the descending portion is covered by it m except 

where' it is in contact with the transverse colon; and the inferior portion lies behind the 
peritoneum, which is separated from it in and near the middle line by the superior 
mesenteric vessels. The rest of the small intestine is surrounded by the peritoneum, 
excepting along its attached or mesenteric border; here a space is left for the vessels 

and nerves to enter the wall of the gut. . , . ,, n _ 

The muscular coat is thicker in the upper than m the lower part of the small mtes- 
tine ; it consists of an external longitudinal, and an internal circular layer of non-stnped 
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muscular fibres. The longitudinal layer is thin; the circular layer is thick, and com- 
posed of fibres of considerable length. 

The areolar or submucous coat unites the mucous and muscular layers. It consists 
of loose, areolar tissue containing blood-vessels, lymphatic vessels, and nerves. 

The mucous membrane is thick and highly vascular in the upper part of the small 
intestine, but thinner and less vascular in the lower part. It consists of the following 
structures : next the areolar or submucous coat is the muscularis mucosa , consisting of 
an outer longitudinal and inner circular layer of unstriped muscular fibres ; internal to 
the muscularis mucosas is a quantity of retiform tissue, enclosing in its meshes lymph- 
corpuscles, and in which the blood-vessels and nerves ramify; lastly, a basement- 
membrane, supporting a single layer of tall columnar cells. The cells are granular in 
appearance, and each possesses a clear oval nucleus. At their superficial or unattached 
ends is a distinct layer of highly refracting material, marked by vertical striae’ (the striated 
border). Goblet-cells occur at intervals in the epithelial layer. 

Contained within or belonging to the mucous membrane are the following structures : 

Circular folds. * Duodenal glands. 

Villi. Solitary lymphatic nodules. 

Intestinal glands. Aggregated lymphatic nodules. 

The circular folds or valvulse conniventes (fig. 1114) are large transverse folds of * 

mucous membrane which project into the lumen of 
Fig. 1114. — The interior of a por- the bowel. They are composed of reduplication? 

tion of the upper part of the of the mucous membrane, the two layers c: the fold 

jejunum, showing the circular being bound together by submucous tissue ; unlike 

folds . the fold 3 i n the stomach, they are permanent, and 

are not obliterated when ilm in: jstino is distended. 
The majority extend transversely round the intes- 
tine for about one -half or two-thirds of its circum- 
ference, but some form complete circles, some 
bifurcate and join adjacent folds, and others have 
a spiral direction ; the latter usually extend a little 
more than once round the bowel, but occasionally 
two or three times. The larger folds are about 
8 mm. in depth at their broadest part; but the 
greater number are of smaller size. The larger 
and smaller folds alternate with each other. 
Circular folds are not found at the commencement 
of the duodenum, but begin to appear about 2*5 or 
5 cm. beyond the pylorus. Distal to the point 
where the bile- and pancreatic ducts enter the duo- 
denum, they are very large and closely approxi- 
mated. In the upper one-half of the jejunum they 
are large and numerous, but from this point, down 
to the middle of the ileum, they diminish con- 
siderably in size. In the lower part of the ileum 
they are almost entirely absent; hence the com- 
parative ?i : rir ess oJ portion of the intestine, as 
compared with the duodenum and jejunum. The circular folds i\?T.ard the passage of the 
food along the intestine, and afford an increased surface tor absorption. 

The intestinal villi are highly vascular processes, just visible to the naked eye; they 
project from the mucous membrane of the whole of the small intestine, and give to its 
surface a velvety appearance. They are large and numerous in the duodenum and 
jejunum, but are smaller and fewer in the ileum. 

Structure of the villi (figs. 1115, 1116). — The essential parts of a villus are: the 
lacteal vessel, the blood-vessels, the epithelium, the basement-membrane and the 
muscular tissue of the mucosa, all being supported and held together by retiform 
tissue. 

The lacteals are in some cases double, and in some animals multiple, but usually there 
is a single vessel. Situated in the axis of the villus, each commences by a dilated blind 
extremity near to, but not quite at, the summit of the villus. The wall is composed of a 
single layer of endothelial cells. 

The muscular fibres are derived from the muscularis mueosm, and are arranged in 
bundles around the lacteal vessel, extending from the base to the summit of the villus, 
and giving off, laterally, individual muscle cells, which are enclosed by the reticulum, 
and by it are attached to the basement-membrane and to the lacteal. 

The blood-vessels (fig. 1117) form a plexus under the basement-membrane, and are 
enclosed in the reticular tissue. 

These structures are surrounded by the basement-membrane. , which is made up of a 
stratum of endothelial cells and upon this is placed a layer of columnar epithelium , the 
characteristics of which have been described above. The retiform tissue forms a network 
(fig. 1116) in the meshes of which a number of leucocytes arefound. 
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Fig. 1115. — A vertical section 
through a villus of the small 
• intestine of a dog. x 80. 



Fig. 1116.— A transverse section through a villus 

of the human intestine, x 850. (v. Ebner.) 



a. Basemen t*membrane, here somewhat shrunken away from the 
epithelium, b. Lacteal, c. Columnar epithelium ; d. its striated 
border. -.vdl*. /. ytes in epithelium, f. Leucocyte 

below ?. !!!■.■; : h. 3Lu>ch;-'.-,dl~ cut across. 


Fig. 1117. — The villi of the small intestine, showing the blood-vessels and the 
lymphatic vessels. (Cadiat.) 
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The intestinal glands (crypts of Lieberkiihn) (fig. 1118) are found in considerable 
numbers over every part of the raucous membrane of the small intestine. They are simple 
tubular glands, arranged perpendicularly to the surface, 
Fig. 1118. — An intestinal upon which they open by small circular apertures. Their 
gland from the human orifices may be seen with the aid of a lens as minute dots 
intestine. (Flemming.) scattered between the villi. Their walls are thin, consisting 
(From Quain’s Ele- of a basement-membrane lined by columnar epithelium, and 


ments of Anatomy.) covered on their exterior by capillary vessels. 

The duodenal glands (Brunner’s glands) are limited to 
the duodenum (fig. 1113), and are found in the submucous 
areolar tissue. They are largest and most numerous near 
the pylorus, forming an almost complete layer in the 
superior portion, and upper half of the descending portion, 
of the duodenum; beyond this they gradually diminish in 
feSfl number and disappear at the junction of the duodenum and 

jejunum. They are small compound acinotubular glands, 
each consisting of a number of alveoli lined by short columnar 
epithelium and opening by a duct on the inner surface of 
f'&e intestine. 

The solitary lymphatic nodules are found scattered 
throughout the mucous membrane of the small intestine, 
<>■*- but are most numerous in the lower part of the ileum. 

Their free surfaces are covered with rudimentary villi, 

§ except at the summits, and each nodule is surrounded by 

the openings of the intestinal glands. Each consists of a 
dense interlacing retifonn tissue closely packed with lymph- 
corpuscles, and permeated by an abundant capillary net- 
work. The interspaces of the retifonn tissue are continuous 
with larger lymph-spaces which surround the nodule, 
through which they communicate with the lacteal system. 
They are situated partly in the submucous tissue, partly in 
the mucous coat, where they form slight projections of its 
epithelial layer. 

The aggregated lymphatic nodules (Peyer’s glands) 
(figs. 1119, 1120) form circular or oblong patches, from 
twenty to thirty in number, and varying in length from 2 cm. to 10 cm. They 
are best marked in the young subject, become indistinct in middle age, and sometimes 
disappear altogether in advanced life. They are largest and most numerous in the 


kgm 




Fig. 1119. — Aggregated lymphatic nodules. A, from the upper part, and 
B, from the lower part, of the ileum. 



ileum. In the lower part -of the jejunum they are small, circular, and few in number. 
-Liiey are occasionally seen in the duodenum. They are placed lengthwise in the 
intestine, and are situated in the portion of the tube most distant from the attachment 
of the mesentery. Each patch is formed of a group of solitary lymphatic nodules 
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When dissecting the soft palate from its posterior or pharyngeal, to its 
anterior or oral, surface, the muscles are exposed in the following order : (1) 
the posterior fasciculus of the Pharyngopalatinus, covered posteriorly by a 
continuation of the nasal mucous membrane ; (2) the Musculus uvulae ; (3) 
the Levator veli palatini ; (4) the anterior fasciculus of the Pharyngopalatinus ; 
(5) the aponeurosis of the Tensor veli palatini ; and (6) the Glossopalatinus, 
covered anteriorly by a continuation of the oral mucous membrane. 


The Mechanism of Deglutition 

During the first stage of deglutition, the bolus of food is driven through the 
isthmus faucium by the pressure of the anterior part of the tongue against the 
hard palate, the posterior part of the tongue being, at the same time, retracted, 
and the larynx raised with the pharynx. During the second stage the entrance 
to the larynx is closed by the meeting of the aryepiglottic folds, and by the 
approximation of the arytsenoid cartilages to the tubercle or cushion of the 
epiglottis — a movement produced by the contraction of the Thyreoarytasnoidei, 
the Arytsenoidei obliqui, and the Arvepiglottici. 

After leaving the tongue the bolus passes on to the posterior or laryngeal surface 
of the epiglottis, and glides along this for a certain distance ; then the Glosso- 
palatini, the constrictors of the fauces, contract behind it ; the palatine velum is 
slightly raised by the Levator veli palatini, and made tense by the Tensor veli 
palatini ; and the Pharyngopalatini, by their contraction, pull the pharynx upwards 
over the bolus, and come nearly together, the uvula filling up the slight interval 
between them. By these means the food is prevented from passing into the nasal 
part of the pharynx ; at the same time, the Pharyngopalatini form an inclined 
plane, directed obliquely downwards and backwards, along the under surface of 
which the bolus descends into the lower part of the pharynx. The later stages of 
deglutition are carried on by the muscles of the pharynx (p. 1125). 


The Pharynx (fig. 1082) 

The pharynx is the part of the digestive tube vdiich is placed behind the 
nasal cavities, the mouth, and the larynx. It is a musculomembranous tube, 
from 12 to 14 cm. long, which extends from the under surface of the skull to 
the sixth cervical vertebra and the lower border of the cricoid cartilage. Its. 
width at the level of the pharyngeal recesses or fossae of Rosenmliller is 3 ’5 cm. ; 
at the junction of the pharynx with the oesophagus it is reduced to about 
1*5 cm. The pharynx is limited, above , by the body of the sphenoidal bone 
and the basilar part of the occipital bone ; below, it is continuous with the 
oesophagus ; behind , it is connected by loose areolar tissue with the cervical 
portion of the vertebral column and the prevertebral fascia covering the Longus. 
colli and Longus capitis muscles in front , it opens into the nasal cavities, 
the mouth and the larynx, and therefore its anterior wall is incomplete. It 
is attached from above downwards, on either side, to the medial pterygoid 
lamina, pterygomandibular raphe, mandible, tongue, hyoid bone, and thyreoid 
and cricoid cartilages ; laterally, it communicates with the tympanic cavities 
through the auditory (Eustachian) tubes, and is in relation with the styloid 
processes and their muscles, the common and external carotid arteries, and 
some of the branches of the latter artery. The pharynx consists of three parts : 
nasal, oral, and laryngeal (fig. 1082). 

The nasal part of the pharynx (nasopharynx) lies behind the nose and 
above the level of the soft palate. With the exception of the soft palate its 
walls are immovable, and consequently its cavity is never obliterated ; in this, 
respect it differs, from the oral and laryngeal parts. In front (fig. 1083) it 
communicates with the nasal cavities through the choanse ; these measure 
about 25 mm. vertically, and 12*5 mm. transversely, and are separated by the 
posterior edge of the nasal septum. Behind the lower edge of the soft palate 
it opens into the oral part of the pharynx ; in the act of swallowing this opening 
is dosed by the elevation of the soft palate. On each lateral wall behind the 
middle nasal concha is the pharyngeal ostium of the auditory tube, somewhat 
triangular in shape, and bounded behind by a firm prominence, the torus 
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the free border, where they also anastomose with other branches running round the 
opposite surface of the gut. From these vessels numerous branches are given off, which 
pierce the muscular coat, supplying it and forming an intricate plexus in the submucous 
tissue. From this plexus minute vessels pass to the glands and villi of the mucous 
membrane. The veins have a course and arrangement 

Fig. 1123. The plexus of similar to the arteries. The lymphatic vessels of the small 

she submucosa of the intestine (lacteals) are arranged in two sets, those of the 
mucous membrane and those of the muscular coat. The 
lymphatic vessels of the villi commence in these structures 
in the manner described on p. 1158. They form an intricate 
plexus in the mucous and submucous tissue, being joined by 
the lymphatic vessels from the lymph-spaces at the bases of 
the solitary nodules, and from this pass to larger vessels 
at the mesenteric border of the gut. The lymphatic vessels of 
the muscular coat are situated to a great extent between the 
two layers of muscular fibres, where they form a close plexus ; 
throughout their course they communicate freely with those 
from "the mucous membrane, and open in the same manner 
as these into the origins of the lacteal vessels at the attached 
border of the gut. 

The nerves of the small intestine are derived from the 
vagus and splanchnic nerves through the coeliac ganglia 
and the plexuses around the superior mesenteric artery. 
They run to the myenteric plexus (Auerbach' s plexus) (fig. 1122) of nerves and ganglia, 
situated between the circular and longitudinal layers; from this plexus filaments are 
distributed to the muscular coats of the intestine. From the myenteric plexus a 
secondary plexus, the plexus of the submucosa ( Meissner's plexus) (fig. 1123), is derived, 
and is formed by branches which have perforated the circular muscular layer. This 
plexus also contains ganglia from which the nerve-fibres pass to the muscularis mucosae 
and to the mucous membrane. The nerve-bundles of the submucous plexus are finer 
than those of the myenteric plexus. 

Keith states that ‘Auerbach’s plexus is not composed simply of ganglionic cells and 
nerve-fibres; it contains numerous other cells to which Kolliker called attention, and 
which may be described as Kolliker ’s cells. These cells have small bodies which send ( 
out numerous branched processes, and differ from pure sheath-cells in staining reaction 
and structure. It is through these cells that Auerbach’s tissue is linked up with the 
musculature of the bowel. The nerve-fibres which ' former authors have described as 
distributed to the muscular and other coats of the bowel are probably sensory in nature. 
Sections of the developing bowel show that the outer and inner muscular coats are 
developed from a germinal layer situated between them. Auerbach’s plexus represents 
the residue of the germinal or developmental intermediate layer. Probably the ganglionic 
cells may be of central origin, but the cells of Kolliker are apparently undifferentiated 
muscle-cells.’ He states that in point of development Auerbach’s plexus is similar in 
origin to that of the atrioventricular bundle of His, and is of opinion that they are 
homologous.* 


rabbit, x 50. 



The Laege Intestine (Intestinum Crasstjm) 

The large intestine extends from the end of the ileum to the anus, and 
is about 1*5 metres long. Its calibre is largest at its commencement at the 
caecum, and gradually diminishes as far as the rectum, where there is a dilata- 
tion of considerable size just above the anal canal. It differs from the small 
intestine in its greater calibre, its more fixed position, its sacculated form, and 
in possessing certain appendages to its external coat, the appendices epiploicce . 
Further, its longitudinal muscular fibres do not form a Continuous layer around 
the gut, but are arranged in three longitudinal bands or tcenioe. In its course 
the large intestine describes an arch which surrounds the convolutions of the 
small intestine. It commences in the right iliac region, in a dilated part, the 
ececum. It ascends through the right lumbar and hypochondriac regions to 
the under surface of the liver ; here it bends (the right colic flexure) to the left, 
and passes across the abdomen to the left hypochondriac region ; it then bends 
again (the left colic flexure ), and descends through the left lumbar and iliac 
regions to the pelvis, where it forms a loop called the sigmoid flexure ; from 
this it is continued along the lower part of the posterior wall of the pelvis 
to the anus. It is divided into the caecum, the colon, the rectum, and the 
anal canal. 

* Proceedings of the Anatomical Society of Great Britain and Ireland , January 1915. 
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The caecum (fig. 1124), the commencement of the large intestine, is the large 
pouch situated below the level of the colic valve. Its closed end is directed 
downwards, and its open end upwards, communicating directly with the colon, 
of which the caecum appears to be the beginning or head, and hence the name 
caput ccecwn coli was formerly applied to it. Its average length is about 6 cm. 
and its breadth about 7*5 cm. It is situated in the right iliac fossa, above the 
lateral half of the inguinal ligament : it rests on the Iliacus and Psoas major, 
and is usually in contact with the anterior abdominal wall, but the greater 
omentum, and, if the caecum be empty, some coils of small intestine, may lie 
in front of it. As a rule, it is entirely enveloped by peritoneum, but in about 


Pig. 1124. The terminal part of the ileum, the csecum and the vermiform 
process. Anterior aspect. 


Ascending colon 



Superior ikoccecal fossa 


Terminal part of ileum 


Inferior ileoccecal fossa 
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5 per cent, of cases (Berry) the peritoneal covering is incomplete, the upper 
part of the posterior surface being uncovered, and connected to the iliac fascia 
by connective tissue. The csecum enjoys a considerable amount of movement, 
so that it may become herniated down the right inguinal canal, and has occasion- 
ally been found in an inguinal hernia on the left side. 

* The csecum varies in shape, but, according to Treves, it may be classified under one 
of four types. In early foetal life it is short, conical, and broad at the base, with its apex 
turned upwards and medialwards towards the ileocolic junction. It then resembles the 
csecum of the mangabey monkey. As the foetus grows, the csecum increases in length more 
than in breadth, so that it forms a longer tube than in the primitive form and without the 
broad base, but with the same inclination of the apex towards the ileocolic junction. This 
form is seen in the spider monkey. As development goes on, the lower part of the tube 
ceases to grow and the upper part becomes greatly increased, so that at birth there is a 
narrow tube, the vermiform process, hanging from a conical projection, the csecum. This 
is the infantile form, and as it persists throughout life in about 2 per cent, of subjects, it is 
regarded by Treves as the first of his four types of human cseca. The caecum is conical and 
the appendix rises from its apex. The three tsenise coil (p. 1170) start from the appendix 
and are equidistant from each other. In the second type, the conical csecum has become 
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quadrate by the growing out of a saccule on either side of the anterior taenia. These 
saccules are of equal size, and the appendix arises from between them, instead of from the 
apex of a cone. This type is found in about 3 per cent, of subjects. The third type is the 
normal type of man. Here the two saccules, which in the second type were uniform, have 
grown at unequal rates : the right with greater rapidity than the left. In consequence of 
this an apparently new apex has been formed by the growing downwards of the right 
saccule, and the original apex, with the appendix attached, is pushed over to the left towards 
the ileocolic junction. The three taeniae still start from the base of the vermiform process, 
but they are now no longer equidistant from each other, because the right saccule has grown 
between the anterior and posterolateral taeniae, pushing them over to the left. This type 
occurs in about 90 per cent, of subjects. The fourth type is merely an exaggerated condition 
of the third ; the right saccule is still larger, and at the same time the left saccule has 
become atrophied, so that the original apex of the caecum, with the vermiform process, 
is close to the ileocolic junction, and the anterior tsenia courses medialwards to the same 
situation. This type is present in about 4 per cent, of subjects. 

The colic valve (fig. 1125). — The lower end of the ileum opens into the 
medial and posterior part of the large intestine, at the point of junction of 

the caecum with the 

Fig. 1125. — The interior of the caecum and the lower end of c °i 03 \- The opening is 
the ascending colon, showing the colic valve. guarded by a valve, 

consisting of two seg- 
ments or lips, which 
project into the lumen 
of the large intestine. 
If the intestine has been 
inflated and dried, the 
lips are of a semilunar 
shape. The upper lip, 
nearly horizontal in 
direction, is attached 
by its convex border to 
the line of junction of 
the ileum with the 
colon ; the lower lip, 
the longer and more 
concave, is attached to 
the line of junction of 
the ileum with the 
caecum. At the ends of 
the aperture the two segments of the valve coalesce, and are continued as 
narrow membranous ridges around the canal for a short distance, forming the 
frenula of the valve. The left or anterior end of the aperture is rounded ; 
the right or posterior is narrow and pointed. In the fresh condition, or in 
specimens which have been hardened in situ, the circular muscular coat of 
the ileum is thickened to form a sphincter-like valve, while the lips of the 
valve project as thick folds into the lumen of the caecum, and the opening 
between them may present the appearance of a slit or may be somewhat oval 
in shape. 

Each lip of the valve is formed by a reduplication of the mucous membrane 
and of the circular muscular fibres of the intestine, the longitudinal fibres 
and peritoneum being continued uninterruptedly from the small to the large 
intestine. 

The surfaces of the valve directed towards the ileum are covered with villi 
and present the characteristic structure of the mucous membrane of the small 
intestine ; while those turned towards the large intestine are destitute of villi 
and marked with the orifices of the numerous tubular glands peculiar to the 
mucous membrane of the large intestine. It was formerly maintained that 
this valve prevented reflux from the csecum into the ileum, but in all probability 
it acts as a sphincter round the end of the ileum and prevents the contents 
of the ileum from passing too quickly into the caecum ; the valve is kept in 
a condition of tonic contraction by impulses which reach it through the splanchnic 
nerves. 

The vermiform process or appendix (fig. 1124) is a long, narrow, worm- 
shaped tube, which starts from what was originally the apex of the caecum, 
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“fy P? 8 ® “ °“ e of several directions : upwards Ijehind the caecum ; to 
Br- e . behind the ileum and mesentery ; or downwards into the lesser pelvis. 
It varies from L cm. to 20 cm. in length, the average being about 9 cm. It 
is connected by a fold of peritoneum (mesenteriole) to the lower part of the 
mesentery of the ileum. This fold, in the majority of cases, is more or less 
triangular in shape, and as a rule extends along the entire length of the tube. 
Between the two layers of the mesenteriole, and close to its free margin, lies 
the appendicular artery. The canal of the vermiform process is small, and 
communicates with the csecum by an orifice which is placed below and behind 
the ileocolic opening. The orifice is sometimes guarded by a semilunar valve 
formed by a fold of mneous membrane. 



Structure. — The coats of the vermiform process are the same as those of the intestine : 
serous, muscular, submucous, and mucous. The serous coat forms a complete invest- 
ment for the tube, except along the narrow line of attachment of its mesenteriole. The 
longitudinal muscular fibres do not form three hands as in the greater part of the large 
intestine, hut invest the whole organ, except at one or two points where both the longi- 
tudinal and circular layers are deficient, so that the peritoneal and submucous coats are 
contiguous over small areas. The circular muscular fibres form a thicker layer than the 
longitudinal fibres, and are separated from them by a small amount of connective tissue. 
The submucous coat is well developed, and contains a large number of masses of lym- 
phoid tissue which cause the mucous membrane to bulge into the lumen and so render 
the latter of small size and irregular shape. The mticous membrane is lined by columnar 
epithelium and resembles that of the rest of the large intestine, but the intestinal glands 
are fewer in number (fig. 1126). 

The colon is divided into four parts : the ascending, transverse, descending, 
and sigmoid. 

The ascending’ colon, about 15 cm. long, is smaller in calibre than the 
csecum. It begins at the csecum, and ascends to the under surface of the right 
lobe of the liver, where it is lodged in a shallow depression, the colic impression ; 
here it bends abruptly forwards and to the left, forming the right colic (hepatic) 
flexure (fig. 1111). It is retained in contact with the posterior wall of the 
abdomen by the peritoneum, which covers its sides and anterior surface, its 
posterior surface being connected by loose areolar tissue with the Hiacus, 
Quadratus lumborum, aponeurotic origin of Transversus abdominis, and 
with the front of the lower and lateral part of the right kidney. Some- 
times the peritoneum completely invests it, and forms a distinct but narrow 
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mesocolon.* It is in relation, in front, with the convolutions of the ileum and 
the abdominal parietes. 

The transverse colon (fig. 1087), about 50 cm. long, begins at the right 
colic flexure, in the right hypochondriac region, and passing across the abdomen 
into the left hypochondriac region, curves sharply on itself beneath the lower 
end of the spleen, forming the left colic (splenic) flexure. In its course across 
the abdomen it lies hi umbilical and epigastric regions, and describes an arch, 
the concavity of which is usually directed backwards and a little upwards ; 
towards its splenic end there is often an abrupt U-shaped curve which may 
descend lower than the main curve. The posterior surface of its right extremity 
is devoid of peritoneum, and is attached by areolar tissue to the, descending 

Fig. 1127, — The lower part of the descending colon, the sigmoid colon, and the rectum, 
seen from the front, after the removal of the pubic bones and the bladder. 



part of the duodenum and the head of the pancreas. Between the head of 
the pancreas and the left colic flexure the transverse colon is almost completely 
invested by peritoneum, and is connected to the anterior border of the pancreas 
by the transverse mesocolon. It is in relation, by its upper surface, with the 
liver and gall-bladder, the greater cuvature of the stomach, and the lower end 
of the spleen ; by its under surface, with the small intestine ; by its anterior 
surface with the anterior layers of the greater omentum and the abdominal 
parietes ; its posterior surface is in relation with the descending portion of the 
duodenum, the head of the pancreas, the upper end of the mesentery, the 
duodenojejunal flexure and some of the coils of the jejunum and ileum. 

The left colic or splenic flexure (fig. 1111) is situated at the junction of the 
transverse and. descending parts of the colon in the left hypochondriac region, 
and is in relation with the lower end of the spleen and the tail of the pancreas ; 
the flexure is so acute that the end of the transverse colon usually lies in 

♦Treves examined one hundred subjects, and found that in fifty- two there was neither an 
ascending nor a descending mesocolon ; in fourteen both were present ; while in twelve there 
Wa 5> an . a80 ® tt ^ing» and in twenty-two a descending, mesocolon. It follows, therefore, that in 
periormmg lumbar colotomy a mesocolon may be expected upon the left side in 36 per cent, of 

? 011 “i e ri gbt in 26 per cent . — The Anatomy of the Intestinal Canal and Peritoneum 

%n Jaa»,-1885, p. 55. 
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contact with the front of the descending colon. The left colic flexure lies 
at a higher level than, and on a plane posterior to, the right colic flexure, and 
is attached to the Diaphragm, opposite the tenth and eleventh ribs, by a 
peritoneal fold, named the phrenicocolic ligament , which assists in supporting 
the lower end of the spleen (p. 1144). 

The descending colon, about 25 cm. long, passes downwards through the 
left hypochondriac and lumbar regions and in front of the lower part of the left 
kidney. At the lower end of the kidney it turns medialwards towards the 

Fig. 1128. — The posterior aspect of the rectum. Exposed by removing the lower 
• part of the sacrum and the coccyx. 



lateral border of the Psoas major, and descends, in the angle between Psoas 
major and Quadratus lumboruni, to the crest of the ilium ; it then curves 
downwards and medialwards in front of the Iliacus and Psoas major, and ends 
in the sigmoid colon at the superior aperture of the lesser pelvis.* The 
peritoneum covers its anterior surface and sides, while its posterior surface 
is connected by areolar tissue with the lower and lateral part of the left 
kidney, the aponeurotic origin of the Transversus abdominis, the Quadratus 
lumborum, the Iliacus and the Psoas major (1111, 1127). It is smaller in 
calibre, more deeply placed, and more frequently covered with peritoneum on 
its posterior surface, than the ascending colon (p. 1166*). In front of it are 
some coils of small intestine. 

* The descending colon is sometimes described as ending at the level of the iliac crest, the 
part between that level and the superior aperture of the lesser pelvis being named the iliac colon . 
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The sigmoid colon (sometimes called the pelvic colon) (fig. 1127) begins 
at the superior aperture of the lesser pelvis, where it is continuous with the 
descending colon ; it forms a loop which varies greatly in length, but 
averages about 40 cm., and normally lies within the pelvis. The loop con- 
sists of three parts ; the first part descends in contact with the left pelvic 
wall ; the second crosses the pelvic cavity, between the rectum and bladder 
in the male, and the rectum and uterus in the female, and may come 
into contact with the right pelvic wall ; the third arches backwards and 
reaches the middle line at the level of the third piece of the sacrum, where 
it bends downward and ends in the rectum. The sigmoid colon is com- 
pletely surrounded by peritoneum, which forms a mesentery, the sigmoid 
mesocolon (p. 1144) ; this diminishes in length from the centre towards the 
ends of the loop, where it disappears, so that the loop is fixed at its junctions 
with the descending colon and rectum, but enjoys a considerable range of 
movement in its central portion. Behind the sigmoid colon are the external 
iliac vessels, the left Piriformis, and left sacral plexus of nerves ; in front of 
it are some coils of the small intestine which separate it from the bladder in 
the male, and from the uterus in the female. 

The position and shape of the sigmoid colon vary very much, and depend on (a) its 
length; (b) the length and freedom of its mesocolon; (c) the condition of distension; 
when distended it rises out of the pelvis into the abdominal cavity, and when empty it 
sinks again into the pelvis; ( d ) the condition of the rectum and bladder (and the uterus* 
in the female) ; when these organs are distended the sigmoid colon tends to rise, and 
conversely. 

The rectum (figs. 1127, 1128) is continuous above with the sigmoid colon* 
whilst below it ends in the anal canal. From its origin at the level of the 
third sacral vertebra it passes downwards, lying in the sacrococcygeal curve* 

and extends for 2 or 3 cm. in front of* 
Fig. 1129.— A coronal section through and a little below, the tip of the coccyx, 

as far as the apex of the prostate. It 
then bends sharply backwards into the 
anal canal. It therefore presents two 
anteroposterior flexures : an upper or 
sacral flexure with its convexity back- 
wards, and a lower or perinceal flexure , with 
its convexity forwards. Two lateral 
curves are also described, one convex to 
the right opposite the junction of the 
third and fourth sacral vertebrae, and the 
other to the left, opposite the sacro- 
coccygeal articulation ; they are, however* 
of little importance. The rectum is about 
12 cm. long, and at its commencement its- 
calibre is similar to that of the sigmoid 
colon, but hear its termination it is dilated 
to form the rectal ampulla. It has no 
sacculations comparable to those of the 
colon, but when the lower part of it is con- 
tracted its mucous membrane is thrown into 
a number of folds, which are longitudinal 
in direction and are effaced by the dis- 
tension of the gut. Besides these there 
are certain permanent transverse fold s- 
(plicae transversales recti) of a semilunar 
shape, known as Houston's valves (fig. 
1129). There are usually three of these 
transverse folds, but sometimes four or 
five, and occasionally only two, are present. One is situated near the com- 
mencement of the rectum, on the right side ; a second extends inwards from 
the left side of the tube opposite the middle of the sacrum ; a third, the 
largest and most constant, projects backwards from the fore part of the rectum* 
apposite the fundus of the urinary bladder. When a fourth is present, it is* 
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situated nearly 2 - 5 cm. above the anus on the left and posterior wall of the 
tube. These folds are about 12 mm. in width and contain some of the circular 
fibres of the gut. In the empty state of the intestines they overlap each other, 
as Houston remarks, so effectually as to require considerable manoeuvring to 
conduct a bougie or the finger along the canal. Their use seems to be 4 to 
support the weight of faecal matter, and prevent its urging towards the anus, 
where its presence always excites a sensation demanding its discharge/ * 

The peritoneum is related to the upper two-thirds of the rectum, covering 
at first its front and sides, but lower down its front only; from the latter 
it is reflected on to the seminal vesicles in the male and the posterior vaginal 
wall in the female. 

The level at which the peritoneum is reflected from the rectum to the 
viscus in front of it is higher in the male than in the female. In the former 
the height of the rectovesical excavation is about 7*5 cm. r (i.e. the height to 
which an ordinary index finger can reach) from the anus. In the female the 
height of the recto-uterine excavation is about 5*5 cm. from the anal orifice. 
The lower part of the rectum is surrounded by a dense tube of fascia which 
consists of a localised thickening and compression of the extraperitoneal con- 
nective tissue ; this fascial tube is loosely attached to the rectal wall by areolar 
tissue, in order to allow of distension of the viscus. 

Relations of the rectum. — The upper part of the rectum is in relation, 
behind , with the superior hsemorrhoidal vessels, the left Piriformis and the left 
sacral plexus of nerves, which separate it from the pelvic surfaces of the sacral 
vertebrae ; its lower part lies on 
the sacrum, coccyx, and Levatores 
ani ; it is attached to the sacrum 
along the fines of the sacral fora- 
mina by connective tissue which 
surrounds the sacral nerves and 
the branches of the superior 
hsemorrhoidal vessels passing to 
the bowel. In front of its upper 
part, in the male, is the recto- 
vesical excavation, in the female, 

. the recto-uterine excavation, of 
the peritoneum. The excavations 
contain some convolutions of the 
small intestine, and frequently the 
sigmoid colon. Below the recto- 
vesical excavation in the male the 
anterior surface of the rectum is 
in relation with the triangular 
portion of the fundus of the 
bladder, the vesiculse seminales, 
and ductus deferentes, and more 
anteriorly with the posterior sur- 
face of the prostate ; below the 
recto -uterine excavation in the 
female, it is in relation with the 
posterior wall of the vagina. 

The anal canal (pars anafis 
recti) (fig. 1130) begins at the 
level of the apex of the prostate, 
is directed downwards and backwards, and ends at the anus. It forms an 
angle with the lower part of the rectum, and is from 2 to 3 cm. long. It has 
no peritoneal covering, but is invested by the Sphincter ani internus, supported 
by the Levatores ani, and surrounded at its termination by the Sphincter ani 
extemus. In the empty condition it presents the appearance of an antero- 
posterior longitudinal slit. Behind it, is a mass of muscular and fibrous tissue, 

* Paterson (Journal of Anatomy and Physiology , vol. xliii.) utilised the third fold for the 
purpose of dividing the rectum into an upper and a lower portion ; he considered the latter 4 to be 
just as much a duct as the narrower anal canal below, 5 and maintained -that, under normal 
conditions, it does not contain fseces except during the act of defsecation. 


Fig. 1130. — A coronal section through the 
anal canal. (Symington.) 
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the anococcygeal body (Symington) ; in front of it, in the male, but separated 
from it by connective tissue, are the membranous portion and bulb of the 
urethra, and the fascia of the urogenital diaphragm ; and in the female it is 

separated from the lower end of the 
vagina by a mass of muscular and 
fibrous tissue, named the perinceal 
body . 

The upper half of the anal canal 
is lined by mucous membrane which 
presents from six to ten vertical 
folds known as the rectal columns 
(Morgagni). These columns are 
usually well marked in the new-born 
child (fig. 1131), but are often ill- 
defined in the adult. They are pro- 
duced by infoldings of the mucous* 
membrane and of some of the longi- 
tudinal muscular tissue, and each 
contains a small artery and vein. 
They are separated from one another 
by furrows, and end below in small 
crescentic valve-like folds, termed anal valves ; these valves join together the 
lower ends of the rectal columns, and outside each valve is a small pouch or 
rectal sinus. 

The lower half of the anal canal is lined by skin which exhibits a series 
of folds extending upwards from the anus towards the rectal columns. The 
junction of the skin and mucous membrane is indicated by a white line which 
is somewhat wavy * owing to the interlocking of the cutaneous and mucous 
folds 5 (Symington). 

The anus or anal orifice is the lower aperture of the anal canal, and is 
situated in front of the apex of the coccyx in the cleft between the buttocks. 
The skin surrounding it is thrown into a series of folds which converge 
towards the orifice and are continued upwards into the lower part of the 
anal canal. 

Structure of the colon. — The large intestine has four coats : serous, muscular, 
areolar, and mucous. 

The serous coat is derived from the peritoneum, and invests the different portions of 
the large intestine to a variable extent. The caecum is usually completely covered by the 
serous membrane, but in about 5 per cent, of cases the upper part of the posterior surface 
is uncovered. The ascending and descending parts of the colon are usually covered only 
in front and at the sides, a variable amount of the posterior surface being uncovered. 
The transverse colon is invested with the exception of (a) the posterior surface of that 
part which lies in front of the duodenum and the head of the pancreas, and (b) along 
the lines of attachment of the greater omentum and transverse mesocolon. The sigmoid 
colon is entirely surrounded. The upper part of the rectum is covered on its anterior 
surface and sides; the middle part on its anterior surface only; while the lower 5 cm. of 
the rectum, and the anal canal are devoid of any serous covering. In the course of 
the colon the peritoneal coat is thrown into a number of small pouches filled with fat, 
called appendices epiploicce. They are most numerous on the transverse colon. 

The muscular coat consists of an external longitudinal, and an internal circular layer 
of non-striped muscular fibres. 

The longitudinal fibres do not form a continuous layer over the whole surface of the 
large intestine. In the caecum and colon they are collected into three longitudinal bands 
(tcenice coli), each of about 12 mm. in width; one, the tcenia mesocolica , is placed along 
the attached border of the intestine; the second and largest, the tcenia omentalis , 
corresponds, along the arch of the colon, with the attachment of the greater omentum, 
but is placed anteriorly in the ascending, descending, and sigmoid parts of the colon; 
the third, the tcenia libera , is found on the medial sides of the ascending and descending 
parts of the colon, and on the under surface of the transverse colon. These bands are 
shorter than the other coats of the intestine, and serve to produce the sacculi which are 
characteristic of the cascum and colon; accordingly, when they are dissected off, the tube 
can be lengthened, and its sacculated character becomes lost. In the sigmoid colon the 
longitudinal fibres become more scattered ; and round the rectum they spread out and 
form a layer, which completely encircles this portion of the gut, but is thicker on the 
anterior and posterior surfaces, where it forms two bands. In addition, two fasciculi of 
plain muscular tissue arise from the front of the second and third coccygeal vertebra, and 


Fig. 1131. — The anterior of the anal canal of 
a new-born child. 
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pass downwards and forwards to blend with the longitudinal muscular fibres on the 
^ anal canal. These are known as the Rectococcygeal muscles . 

The circular fibres form a thin layer over the caecum and colon, being especially 
accumulated in the intervals between the sacculi ; in the rectum they form a thick layer, 
and m? the a 7 nal Canal become numerous, and constitute the Sphincter ani interims. 

The areolar coat connects the muscular and mucous layers closely together. 

The mucous membrane of the caecum and colon is pale, smooth, destitute of villi, 
and raised into numerous crescentic folds which correspond with the intervals between 
the sacculi; that of the rectum is thicker, of a darker colour, more vascular, and con- 
nected loosely with the muscular coat. 

As in the small, intestine, the mucous membrane (fig. 1132) consists of a muscular 
layer, the muscularis mucosas; a quantity of retiform tissue in which the vessels ramify; 
a basement-membrane, and an epithelium which is of the columnar variety and resembles 
the epithelium found in the small intestine. The mucous membrane of the large intestine 
presents for examination glands and solitary lymphatic nodules. 


Tig. 1132.— A section through the mucous membrane of the human rectum. 

x 60. (Sobotta.) 


Leucocytes in epithelium Gland 



The glands of the great intestine are minute tubular prolongations of the mucous 
membrane arranged perpendicularly to its surface; they are longer, more numerous, 
and placed in much closer apposition than those of the small intestine ; and they open by 
minute rounded orifices upon the surface, giving it a cribriform appearance. Each gland 
is lined by short columnar epithelium, the majority of the cells being goblet-cells. 

The solitary lymphatic nodules (fig. 1132) of the large intestine are most abundant in 
the caecum and vermiform process, but are irregularly scattered also over the rest of the 
large intestine. They are similar to those of the small intestine. 

Vessels and Nerves. — The arteries supplying the colon are derived from the colic and 
sigmoid branches of the mesenteric arteries. They give off large branches, which ramify 
between and supply the muscular coats, and after dividing into small vessels in the sub- 
mucous tissue, pass to the mucous membrane. The rectum is supplied by the superior 
haemorrhoidal branch of the inferior mesenteric, and the anal canal by the middle hsemor- 
rhoidal from the hypogastric, and the inferior haemorrhoidal from the internal pudendal 
artery. The superior hemorrhoidal, the continuation of the inferior mesenteric, divides 
into two branches, which run down either side of the rectum to within about 12*5 cm. of 
the anus; they here divide into a number of branches, which pierce the muscular coat 
and descend between it and the mucous membrane in the rectal columns as far as the 
Sphincter ani internus, where they anastomose with the other haemorrhoidal arteries and 
form a series of loops around the anus. The veins of the rectum commence in a plexus 
of vessels which surrounds the anal canal. In the vessels forming this plexus are small 
saccular dilatations just within the margin of the anus ; from the plexus about six vessels 
of considerable size are given off. These ascend between the muscular and mucous coats 
for about 12*5 cm., running parallel to each other; they then pierce the muscular coat, 
and, by their union, form a single trunk, the superior haemorrhoidal vein. This arrange- 
ment Ts termed the hamorrhoidal plexus ; it communicates with the tributaries of the 
mid dle and inferior haemorrhoidal veins, at its commencement, and thus a communication 
is established between the systemic and portal circulations. The nerves are derived 
iromTKF'second, third and fourth sacral nerves, and from the sympathetic, through the 
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pelvic plexuses. They are distributed in a similar way to those found in the small 
intestine. # ■ 

The lymphatics of the large intestine are described on pp. /70, / / l. 

Applied Anatomy .-— The small intestine is much exposed to injury, but,, in conse- 
quence of its elasticity and the ease with which one coil glides over another, it is not sa 
frequently ruptured as would otherwise be the case. Any part of it may be ruptured, but 
probably the most common situation is the horizontal portion of the duodenum, on 
account of its being more fixed than other portions of the bowel, and because it is situated 
in front of the bodies of the vertebras, so that if this portion of the intestine is struck by a 
sharp blow, as from the kick of a horse, it is unable to glide out of the way, but is com- 
pressed against the bone and so lacerated. Wounds of the intestine sometimes occur. If 
the wound is a small puncture, under, it is said, 6 mm. in length, no extravasation of the 
contents of the bowel takes place; the mucous membrane becomes everted and plugs, 
the little opening. The small intestine, and most frequently the ileum, may become 
strangulated by internal bands, or through apertures, normal or abnormal. The bands 
may be formed in several different ways; they may be old peritoneal adhesions from 
previous attacks of peritonitis : or an adherent omentum from the same cause ; or the 
band may be formed by Meckel’s diverticulum, which has contracted adhesions at its 
distal extremity: or it may be the result of the abnormal attachment of some normal 
structure, as the adhesion of two appendices epiploicoe, or an adherent vermiform process 
or uterine tube. Intussusception, most commonly an invagination of the small intestine 
into the large, may take place; it may attain great size, and it is possible in these cases 
to find the colic valve projecting from the anus. Stricture, the impaction of foreign 
bodies, and twisting of the gut ( volvulus ) may also lead to intestinal obstruction. 

Resection of a portion of the intestine may be required in cases of gangrene ; for the 
removal of new growth in the bowel; in dealing with artificial anus; and in cases of 
rupture. The operation is termed enterectomy , and is performed as follows : the abdomen 
having been opened and the amount of bowel requiring removal having been determined 
upon, the intestine must be clamped on either side of this portion in order to prevent the 
escape of any of its contents during the operation. The portion of the bowel is then 
separated above and below by means of scissors. If the portion resected is small, it may 
be simply removed from the mesentery at its attachment, and the bleeding vessels tied; 
but if it be large it will be necessary to take away a triangular piece of the mesentery, and, 
having secured the vessels, suture the cut edges of this structure together. In doing this,, 
care must be taken not to leave any intestine projecting beyond the line of the section of 
the mesentery, as gangrene is very likely to occur in the projecting part if this is done. 
The surgeon then proceeds to unite the cut ends of the bowel by end-to-end anastomosis. 
There are many ways of doing this, but they may be divided into two classes, one where 
the anastomosis is made by means of some mechanical appliance, such as Murphy’s^ 
button, or one of the forms of decalcified bone bobbin ; and the other, where the opera- 
tion is performed by suturing the ends of the bowel in such a manner that the peritoneum 
covering the two divided ends is brought into contact, so that speedy union may ensue. 

The vermiform process is very liable to become inflamed, because i;. contains a. 
relatively large amount of lymphoid tissue which is prone to bacterial infection. In 
many cases the inflammation is set up by the impaction in it of a solid mass of faeces or 
a foreign body, or by the inspissation of its mucous secretion in catarrhal conditions. 
The inflammation may result in ulceration and perforation, or if very acute in gangrene 
of the process. These conditions generally require immediate operative interference ,, 
and in chronic cases with recurring attacks of inflammation it is always advisable to 
remove this diverticulum of the bowel. In incising the abdominal wall for this operation, 
the muscles should be split in the direction of their fibres, rather than cut across, in order 
to prevent subsequent weakening of the abdominal parietes and the occurrence of a 
ventral hernia. After the process has been removed it is better to suture the planes of 
the abdominal wall separately. 

In external hernia the ileum is the portion of bowel most frequently herniated. When, 
a part of the large intestine is involved it is usually the csecum, and t hi s may occur even 
on the left side. In some few cases the vermiform process has been the part implicated 
in strangulated hernia. 

Chronic ulcer of the duodenum is sometimes met with, probably produced by the 
same causes as chronic ulcer of the stomach. It may perforate and set up a rapidly fata! 
peritonitis, or it may open into the gastroduodenal artery and cause death from haemorrhage.. 
An acute ulcer sometimes, but rarely, follows extensive burns of the skin. 

The calibre of the large intestine gradually diminishes from the caecum, which has the- 
greatest diameter of any part of the bowel, to the point of junction of the sigmoid colon 
with the rectum. At or a little below this point stricture most commonly occurs, and 
diminishes in frequency as one proceeds upwards to the caecum. When distended by' 
some obstruction low down, the outline of the large intestine can be defined throughout, 
nearly the whole of its course-all, in fact, except the right and left colic flexures, which 
are more deeply placed; the distension is most obvious in the flanks and on the front of 
theabdomen just above the umbilicus. The caecum, however, is the portion of the bowe! 
which becomes most distended. It .may assume enormous dimensions, and may give way 
from the distension, leading to rapidly fatal peritonitis. The right colic flexure and the: 
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side of the aorta, between the duodenojejunal junction and the root of the 
transverse mesocolon. It is present in about 20 per cent, of bodies, and has 
an average depth of from 2 cm. to 3 cm. Its orifice is directed forwards. 

2. Ccecal fossce. — There are three principal pouches or recesses in the neigh- 
bourhood of the caecum : (a) The superior ileoccecal fossa (fig. 1098) is formed 
by a fold of peritoneum, the superior ileocsecal fold, arching over the branch 
of the ileocolic artery which supplies the ileocolic junction. The fossa is a 
narrow chink situated between the mesentery of the small intestine, the ileum, 
and the small portion of the caecum behind, (b) The inferior' ileoccecal fossa 
(fig. 1098) is situated behind the angle of junction of the ileum and caecum. 
It is formed by the inferior ileoccecal fold of peritoneum (bloodless fold of Treves), 
the upper border of which is fixed to the ileum, opposite its mesenteric attach- 
ment, while the lower border joins the mesenteriole of the vermiform process, 
and sometimes the process itself. Between this fold and the mesenteriole of 
the vermiform ]Drocess is the inferior ileocaecal fossa. It is bounded above by 
the posterior surface of the ileum and the mesentery ; in front by the inferior 
ileocsecal fold, and behind by the upper part of the mesenteriole of the 
vermiform process, (c) The ccecal fossa (fig. 1099) is situated immediately 
behind the caecum, which has to be raised to bring it into view. It varies 
much in size and extent. In some cases it is sult.ciently large to admit the 
index finger, and extends upwards behind the ascending colon in the direction 
of the kidney ; in others it is merely a shallow depression. It is bounded on 
the right by the caecal fold, which is attached by one edge to the abdominal 
wall from the lower border of the kidney to the iliac fossa, and by the other to 
the posterolateral aspect of the colon. In some instances additional fossae, 
the retroccecal fossce , are present. 

3. The intersigmoid fossa is constant in the foetus and during infancy, but 
may disappear as age advances. Upon drawing the sigmoid colon upwards, 
the left surface of the sigmoid mesocolon is exposed, and behind it will be seen 
a funnel-shaped recess of the peritoneum, lying on the external iliac vessels, 
in the interspace between the Psoas and Iliacus muscles. This is the orifice 
leading to the intersigmoid fossa, which lies behind the sigmoid mesocolon, 
and in front of the parietal peritoneum. The fossa varies in size ; in some 
instances it is a mere dimple, in others it will admit the whole of the index 
finger. 

Applied Anatomy . — Any of these fossse may be the site of a 4 retroperitoneal ’ hernia. 
The csecal fossse are of especial interest, because hernia of the vermiform process frequently 
takes place into one of them, and may there become strangulated. The presence of these 
pouches also explains the course which pus has been known to take in cases of perforation 
of the vermiform process, where it travels upwards behind the ascending colon as far as 
the Diaphragm. 


The Stomach (Vehtrictjltjs) 

The stomach is the most dilated part of the digestive tube, and is situated 
between the end of the oesophagus and the beginning of the small intestine. 
It lies in the epigastric, umbilical, and left hypochondriac regions of the 
abdomen, and occupies a recess bounded by the upper abdominal viscera, 
and completed in front and on the left side by the anterior abdominal wall 
and the Diaphragm. 

The shape and position of the stomach are so greatly modified by changes 
within itself and in the surrounding viscera that no one form can be described 
as typical. The chief modifications are determined by (1) the amount of 
the stomach contents, (2) the stage which the digestive process has reached, 
(3) the degree of development of the gastric musculature, and (4) the condition 
of the adjacent intestines ; but there are certain markings more or less common 
to all (fig. 1100). 

The stomach has two openings, two borders or curvatures, and two 
surfaces. 

Openings. — The opening by which the oesophagus communicates with 
the stomach is known as the cardiac orifice , and is situated on the left of the 
middle line at the level of the eleyoiltlb-. thoracic vertebra. The short abdominal 
portion of the oesophagus (antrum cardiacum) is conical in shape and curved 
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but merely that a condition is present which may allow of the descent of the hernia 
at any moment. As a matter of fact, congenital hernias frequently do not appear till 
adult life. 

Where the processus vaginalis is occluded at the lower point only, i.e. just above the 
testis, the intestine descends into the pouch of peritoneum as far as the testis, but is 
prevented from entering the sac of the tunica vaginalis by the septum which has formed 
between it and the pouch. This is known as hernia into the funicular process or incom- 
plete congenital hernia (fig. 1133) ; it differs from the former in that instead of enveloping 
the testis it lies above it. 


Fig. 1133. — The varieties of oblique inguinal hernia. 



Incomplete congenital 



In direct inguinal hernia the protrusion makes its way through some part of Hessel- 
bach’s triangle, either through (a) the lateral part, where only extrap eritoneal tissue and 
transversalis fascia intervene between the peritoneum and the aponeurosis of the Obliquus 
externus; or through (6) the inguinal aponeurotic falx which stretches across the medial 
two-thirds of the triangle between the artery and the middle line. In. the iormer the 
hernial protrusion escapes. from the abdomen an_4ha .lateral side of the inguinal falx, 
pushes before it the peritoneum, extraperitoneal tissue and transversalis fascia, and enters 
the inguinal canal. It passes along nearly the whole length of the canal and finally 
emerges from the subcutaneous ring, receiving an investment from the intercrural fascia. 

( The coverings of this form of hernia are similar to those of the oblique form, except that a 
portion derived from the general layer of transversalis fascia replaces the infundibuliform 
fascia. 

In the second form, -which is the more frequent, the hernia is either forced through 
the fibres of the inguinal falx, or the falx.. is gradually distended in front of.it so as to form 
a complete investment for it. The intestine then enters the lower end of the inguinal 
canal, escapes at the subcutaneous ring, lying on the medial side of the cord, and receives 
additional coverings from the intercrural fascia, the superficial fascia and the integument. 
The coverings of this form therefore differ from those of the oblique form in that the 
i nguin al falx, is substituted for the Cremaster, and the iniundibuliform fascia is replaced 
b^Aportion of the general layer of the transversalis fascia. 

Direct inguinal hernia is of much less frequent occurrence than oblique, and is found 
more often in men than in women. The main differences in position between it and the 
oblique form are : (a) it is placed over the os pubis and not in the course of the ing uin al 
canal ; ( b ) the inferior epigastric artery runs on the lateral or iliac side of the neck of the 
sac; and (c) the spermatic cord lies along its lateral and posterior sides, not directly 
behind it as in oblique inguinal hernia. A direct hernia is always of the acquired variety. 

The seat of stricture in both varieties of direct hernia is usually found either at the 
neck of the sac or at the subcutaneous ring. In that form which perforates the inguinal 
falx it may occur at the edges of the fissure through which the gut passes. In all cases 
of inguinal hernia, whether direct or oblique, it is proper to divide the stricture directly 
upwards; by cutting in this direction the incision is made parallel to the inferior 
epigastric artery, and all chance of wounding the vessel is thus avoided. 

Femoral hernia. — In femoral hernia the protrusion of the intestine takes place through 
the femoral ring. As already described (p. 689), this ring is closed by the femoral 
septum, a partition of modified extraperitoneal tissue; it is therefore a weak spot in the 
abdominal wall, and especially in the female, where the ring is larger, and where profound 
changes are produced in the tissues of the abdomen by pregnancy. Femoral hernia is 
therefore more common in women than in men. 

When a portion of intestine is forced through the femoral ring, it carries before it a 
pouch of peritoneum , which forms the hernial sac. It receives an investment from the 
extraperitoneal tissue or femoral septum, and descends along the femoral canal, or inner 
compartment of the sheath of the femoral vessels, as far as the fossa ovalis ; at this point 
lt changes its course, being prevented from extending farther down the sheath on account 
or the narrowing of the latter, and its close contact with the vessels, and also the close 
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attachment of the superficial fascia and femoral sheath to the lower part of the circumfer- 
ence of the fossa o vails. Hie tumour is consequently directed forwards, pushing before 
it the fascia cribrosa, and then curves upwards over the inguinal ligament and the lower 
part of the aponeurosis of the Obliquus externus, being covered by the superficial fascia 
and integument. While the hernia is contained in the femoral canal it is usually of small 
size, owi.n_g to the resisting nature of the surrounding parts, but when it escapes from the 
fossa ovalis into the loose areolar tissue of the groin it becomes considerably enlarged. 
The direction taken by a^ femoral hernia is at first downwards, then forwards and upwards; 
in the application of taxis for the reduction of a femoral hernia, therefore, pressure should 
be directed in the reverse order. 

The coverings of a femoral hernia from within outwards are : peritoneum, femoral 
septum, femoral sheath, fascia cribrosa, superficial fascia, and integument. Sir Astley 
Cooper has described an investment for femoral hernia under the name of fascia propria , 
lying immediately external to the peritoneal sac but frequently separated from it by some 
adipose tissue. Surgically it. is important to remember the frequent existence of this 
layer on account of the ease with which an inexperienced operator may mistake the fascia 
for the peritoneal sac and the contained extraperitoneal fat for omentum, as there is often 
a great excess of subperitoneal fatty tissue enclosed in the ‘ fascia propria/ In many 
cases it resembles a fatty tumour, but on further dissection the true hernial sac will be 
found in the centre of the mass of fat. The fascia propria is merely a modified femoral 
septum which has been thickened to form a membranous sheet by the pressure of the 
hernia. 

When the intestine descends along the femoral canal only as far as the fossa ovalis 
the condition is known as incomplete femoral hernia, in contradistinction to the complete 
hernia when it has passed through the fossa ovalis. The small size of the protrusion in 
the incomplete form of hernia, on account of the firm and resisting nature of the canal 
in which it is contained, renders it an exceedingly dangerous variety of the disease, from 
the extreme difficulty of detecting the existence of the swelling, especially in corpulent 
subjects. The coverings of an incomplete femoral hernia would be from without inwards : 
integument, superficial fascia, superior cornu of falciform margin of the fossa ovalis, 
femoral sheath, femoral septum, and peritoneum. 

The seat of stricture of a femoral hernia varies : it may be in the peritoneum at the 
neck of the hernial sac; in the greater number of cases it is at the point of junction 
of the falciform margin of the fossa ovalis with the free edge of the lacunar ligament; 
or it may be at the margin of the fossa ovalis. The stricture should in every case be 
divided in a direction upwards and medialwards for a distance of about 4 mm. to 6 mm. 
All vessels or other structures of importance in relation to the neck of the sac will thus 
be avoided. 

The pubic tubercle forms an important landmark in serving to differentiate the 
inguinal from the femoral variety of hernia. The inguinal protrusion is above and medial 
to the tubercle, while the femoral is below and lateral to it. 

There are several details of practical interest in connexion with the mesentery which 
merit notice. 1. The depth of the mesentery — that is to say, the distance from its 
parietal to its intestinal attachment — is normally less than 20 cm., generally nearer 
15 cm. ; but under certain abnormal conditions it may become elongated, and this would 
appear to favour the occurrence of hernia of the intestine. 2. Not only may the depth of 
the mesentery be increased, but its point of attachment to the posterior abdominal wall 
may yield, and descend over the lumbar vertebrae. This condition, which is known under 
the name of enter opto sis , usually occurs in women who have borne many children, and is 
attended with general relaxation of the abdominal parietes. It produces a characteristic 
appearance, the abdomen being prominent and pendulous below, while above, it is 
flattened and constricted. 8. Holes are sometimes present in the mesentery, and these 
may be congenital, or may be the result of injury. They are of practical importance, 
since a knuckle of intestine may become herniated into one of them, causing acute 
strangulation. 4. The lymph-glands contained between the two layers of the mesentery 
are frequently the seat of tuberculous deposit, especially in children. 

Colon. — The colon frequently requires opening in cases of intestinal obstruction, and 
by some surgeons this operation is performed in cases of cancer of the rectum as soon as 
the disease is recognised, in the hope that the symptoms may be relieved by removing 
the irritation produced by the passage of faecal matter over the diseased surface. The 
operation of colostomy may be performed either in the iliac or lumbar region ; but iliac 
colostomy has in the present day entirely superseded the lumbar operation. The main 
reasons for preferring this operation are that a spur-shaped process of the mesocolon can 
be formed, which prevents any faecal matter finding its way past the artificial anus, and 
the greater ease in maintaining cleanliness. The sigmoid colon being entirely surrounded 
by peritoneum, a coil can be drawn out of the wound and opened, leaving the attachment 
of the mesocolon to form a spur, much as it does in an artificial anus caused by sloughing 
of the intestine after a strangulated hernia, and this prevents any fiscal matter finding its 
way from the gut above the opening into that below. The operation is performed by 
making an incision 5 cm. to 7 cm. long through the outermost fibres of the left Eectus 
abdominis, opposite the anterior superior iliac spine. The peritoneum is opened; the 
sigmoid colon is now sought, pulled out of the wound, and fixed by passing a glass rod 
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beneath it, or by suturing the mesocolon close to the gut to the abdominal wall. Later, 
the protruding coil of intestine is opened, and finally, when firm adhesions have formed, 
it is cut completely across. ... m 

Rectum. — The surgical anatomy of the rectum is of considerable importance. There 
may be congenital malformations due to arrest of, or imperfection in, development. 
Thus, there may be no proctodteal invagination (p. 142), and consequently a complete 
absence of the anus ; or the hind-gut may be imperfectly developed, and there may be an 
absence of the rectum, though the anus is developed; or the proctodseal invagination 
may not communicate with the termination of the hind-gut from want of solution of 
continuity in the septum which in early foetal life exists between the two. 

The mucous membrane of the rectum is thick and but loosely connected to the 
muscular coat beneath, and thus favours prolapse, especially in children. The vessels of 
the rectum are arranged, as mentioned above, longitudinally, and are contained in the 
loose cellular tissue between the mucous and muscular coats, and receive no support from 
surrounding tissues, and this favours varicosity. Moreover, the veins, after running 
upwards in a longitudinal direction for about 12*5 cm. in the submucous tissue, pierce the 
muscular coats, and are liable to become constricted at this spot by the contraction of the 
muscular wall of the gut. In addition to this there are no valves in the superior hemor- 
rhoidal veins, and the vessels of the rectum are placed in a dependent position, and are 
liable to be pressed upon and obstructed by hardened feces. The anatomical arrange- 
ment, therefore, of the hemorrhoidal vessels explains the great tendency to the occurrence 
of piles. The presence of the Sphincter ani externus is of surgical importance, since it is 
the constant contraction of this muscle which prevents an ischiorectal abscess from heal- 
ing, and causes it to become a fistula. Also the reflex contraction of this muscle is the 
cause of the severe pain complained of in fissure of the anus. The relations of the 
peritoneum to the bowel are of importance in connexion with the operation of removal of 
the rectum for malignant disease. This membrane gradually leaves the rectum as it 
descends into the pelvis; first leaving its posterior surface, then the sides, and then the 
anterior surface, to become reflected, in the male on to the posterior wall of the bladder, 
forming the rectovesical excavation, and in the female on to the posterior wall of the 
vagina, forming the recto-uterine excavation. The rectovesical excavation extends to 
within 7*5 cm . I'rom the anus. Within recent years much more extensive operations have 
been done for the removal of cancer of the rectum, and in these the peritoneal cavity has 
necessarily to be opened. For cases of cancer of the rectum which are too low to be 
reached by abdominal section, and too high to be removed by the perinseum, Ilraske has 
devised an operation which goes by his name. The patient is placed on his right side and 
an incision is made from the last piece of the sacrum to the anus. The coccyx is removed, 
and if necessary a small piece of the sacrum, and the edges of the wound being now 
forcibly drawn outwards, a considerable length of the rectum is brought into view, and 
the diseased portion is removed. 

The loose connective tissue round the rectum, above the Levator ani, is occasionally 
the site of an abscess, the active focus of which, however, may be located elsewhere. This 
form of abscess may be described as the superior pelvirectal ; it is placed above the pelvic 
diaphragm but beneath the peritoneum. The acute variety is generally due to ulceration 
or perforation of the bowel (possibly produced by a foreign body) above the level of attach- 
ment of the Levator ani. The abscess may also occur above a stricture (simple or malig- 
nant) of the rectum; occasionally it arises from suppuration around the prostate, and 
more rarely follows abscess of the vesiculse seminales. Chronic abscesses also appear in 
the same region either from caries of the anterior surface of the sacrum or from caseation 
of the presacral lymph-glands, whilst in other cases an abscess finds its way down into the 
pelvis from disease of the anterior surfaces of the bodies of the lumbar vertebrae. For 
abscess in the ischiorectal fossa, see p. 486. 


The Pancreas 

The pancreas is a compound racemose gland, analogous in its structure 
to the salivary glands, but softer, and less compactly arranged. It is irregularly 
prismoid in shape, and from 12 cm. to 15 cm. long. Its broad, right extremity 
is called the head , and is connected to the main portion, or body , by a slightly 
constricted part, the neck ; its narrow, left extremity forms the tail. It is 
placed across the posterior wall of the abdomen, at the back of the epigastric 
and left hypochondriac regions. 

Relations (figs. 1134 to 1136). — The head, flattened from before backwards, 
is lodged within the curve of the duodenum. Its upper border is overlapped 
by the superior part of the duodenum ; the other borders are grooved to 
receive the adjacent margin of the duodenum which they overlap in front 
and behind to a variable extent. The angle of junction of the lower and left 
lateral borders forms a prolongation termed the uncinate process , which projects 
%JJiele£kbehind the superior mesenteric vessels. In or near the groove 
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the, .duodenum and the right lateral and lower borders anteriorly are the anasto- 
mosing superior and inferior pancreaticoduodenal arteries ; the bile-duct 
descends .behind the head, close to its right border. 


Gig. 1134. — A transverse section through the abdomen at the level of the middle 
of the first lumbar vertebra. (Braune.) 
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Fig. 1135. — The pancreas and duodenum. Anterior aspect. 



Anterior surface . — Erom the upper part of the front of the head of the 
pancreas, the neck juts forwards, upwards and towards the left, to be continued 
into the body of the pancreas. The boundary between the head and neck, 
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on the right side, is a groove for the gastroduodenal artery ; on the left side 
a deep notch, incisum pancreatis , intervenes between the head and the neck 
and body, and in this notch the superior mesenteric and lienal veins unite to 
form the portal vein. Below and to the right of the neck the anterior surface 
of the head is in contact with the transverse colon, only areolar tissue inter- 
vening, while still lower the surface is covered by peritoneum continuous with 
the inferior layer of the transverse mesocolon, and is in contact with coils of 
the jejunum. Below and to the left of the neck is the uncinate process which 
is crossed by the superior mesenteric vessels. 

Posterior surface .■ — The posterior surface of the head of the pancreas is 
in relation with the inferioivyena cava, the renal, veins, the right, crus of the 
Diaphragm, and the aorta. TheJbile-duct either lies in a groove on the posterior 
surface of the head of the pancreas or in a canal in its substance (McConnell *). 


Fig. 1136. — The pancreas and duodenum. Posterior aspect. 
(From a model by His.) 



The neck, about 2 cm. long, is confluent below and to the right with the 
anterior surface of the head ; it extends upwards and to the left, and merges 
imperceptibly with the body. It is a somewhat ridge-like part of the pancreas, 
accentuated, by two vascular depressions ; below and to the left is the deep 
notch containing the superior mesenteric vessels, while above and to the right 
is a groove in which the lower end of the gastroduodenal artery and the superior 
pancreaticoduodenal artery, are lodged. Its anterior surface supports the 
pylorus ; its posterior surface is in relation with the beginning of the portal 
vein. 

The body is somewhat prismoid in shape, and has three surfaces : anterior, 
posterior, and inferior. 

The anterior surface is concave, and is directed forwards and upwards j 
it is separated from the stomach by the omental bursa. 

The posterior surface is devoid of peritoneum, and is in contact with the 
aorta, the lienal vein, the left kidney and its vessels, the left suprarenal 
gland, the origin of the superior mesenteric artery, and the left crus of the 
Diaphragm. 

The inferior ■ surface is narrow on the right but broader on the left, and is 
covered by peritoneum ; it lies upon the duodenojejunal flexure and on some 
coils of the jejunum ; its left extremity rests on the left colic flexure. 

* J ournal of Anatomy and Physiology , vol. xlix. 
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The tail is narrow, and usually lies in contact with the inferior part of the 
gastric surface of the spleen. 

Birmingham described the body of the pancreas as projecting forwards as a prominent 
ridge into the abdominal cavity and forming part of a bed or shelf on which the stomach 
lies. ‘ The portion of the pancreas to the left of the middle line has a very considerable 
anteroposterior thickness ; as a result the anterior surface is of considerable extent ; it 
looks strongly upwards, and forms a large and important part of the shelf. As the pancreas 
extends to the left towards the spleen it crosses the upper part of the kidney, and is so 
moulded on to it that the top of the kidney forms an extension inwards and backwards of 
the upper surface of the pancreas and extends the bed in this direction. On the other hand, 
the extremity of the pancreas comes in contact with the spleen in such a way that the 
plane of its upper surface runs with little interruption upwards and backwards into the 
concave gastric surface of the spleen, which completes the bed behind and to the left, and, 
running upwards, forms a partial cap for the wide end of the stomach.’ * 

The pancreatic duct (ductus Wirsungi) traverses the pancreas from left 
to right, lying nearer its posterior than its anterior surface (fig. 1137). It 
begins by the junction of the small ducts of the lobules situated in the 
tail of the pancreas, and, running from left to right through the body, receives 
the ducts of the various lobules composing the gland. Considerably augmented 
* Journal of Anatomy and Physiology , vol. xxxi 
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in size, it reaches the neck, and turning downwards, backwards, and to the 
right* comes into relation with the bile-duct, which lies to its right side ; leaving 
the head of the gland, it passes very obliquely through the mucous and muscular 
coats of the duodenum, and ends by an orifice, common to it and the bile-duct 
upon the summit of the duodenal papilla (p. 1155), situated at the medial side of 
the descending portion of the duodenum, from 7 cm. to 10 cm. beyond the 
pylorus. The pancreatic duct, near the duodenum, is about the size of an 
ordinary quill. Sometimes the pancreatic duct and the bile-duct open 
separately into the duodenum. Frequently there is an additional duct, winch 
communicates with the pancreatic duct in the neck of the pancreas and opens 
into the duodenum about 2 cm. above the duodenal papilla. It receives the 
ducts from the lower part of the head, and is known as the accessory pancreatic 
duct (ductus Santorini) (fig. 1137). 

Structure (fig. 1138). — In structure, the pancreas resembles the salivary glands. It 
differs from them, however, in certain particulars, and is looser and softer in its texture. 
It is not enclosed in a distinct capsule, but is surrounded by areolar tissue, which dips 


Fig. 1138. — A section through a part of the human pancreas. Stained with 
hematoxylin and eosin. x 400. 



into its interior, and connects together the various lobules of which it is composed. Each 
lobule, like the lobules of the salivary glands, consists of one of the ultimate ramifications 
of the main duct, ending in a number of alveoli, which are tubular and somewhat con- 
voluted. The minute ducts (intercalary ducts) connected with the alveoli are narrow 
and lined with flattened cells. In some animals spindle-shaped cells occupy the centre 
of the alveolus and are known as centro-acinar cells. The true secreting cells which line the 
wall of the alveolus are columnar in shape and present two zones ; an outer, clear and 
faintly striated, next the basement-membrane, and an inner, which contains secretory 
granules. In hardened specimens the outer zone stains deeply with basic dyes, whereas 
the inner zone stains slightly. Luring activity the granular zone gradually diminishes in 
size ; during the resting stages it gradually increases until it forms nearly three-fourths 
of the cell. In some of the secreting cells of the pancreas is a spherical mass, staining more 
easily than the rest of the cell ; this is termed the paranucleus , and is believed to be derived 
from the nucleus. Between the alveoli are found, in certain parts, collections of cells, 
which are termed interalveolar cell-islets, or islands of Langerhans. The cells of these 
stain lightly with haematoxylin or carmine, and are more or less polyhedral in shape, forming 
a network in which many capillaries ramify. There are two main types of cell in the islets, 
distinguished as A-cells and B-cells according to the special staining reactions of the granules 
they contain. The cell -islets are believed to produce the internal secretion of the pancreas 
which is necessary for carbohydrate metabolism. 
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The wall of the pancreatic duct is thin, consisting of two coats, an external fibrous and 
an internal raucous ; the latter is smooth, lined by columnar epithelium, and furnished 
near its termination with a few scattered follicles. 

an< ^ ^ erve ^' The arteries of the pancreas are derived from the lienal artery, 
and Sto the pancreaticoduodenal branches of the hepatic and superior mesenteric arteries. 
Its open into the lienal and superior mesenteric veins. Its lymphatic vessels are 

described on p. 771. Its nerves , derived from the vagus and splanchnic nerves, reach it 
through the lienal plexus. 

Applied Anatomy. Inflammation of the pancreas has of late years received consider- 
able attention. It appears to be due to infection of the pancreatic ducts by micro- 
organisms from the duodenum in cases of gastroduodenal catarrh, or from the biliary 
passages in which a gall-stone is lodged. Acute cases usually terminate fatally and are 
frequently of the haemorrhagic type ; chronic inflammation of the pancreas produces few 
symptoms of disease unless it is extensive, when attacks of abdominal pain, loss of appetite, 
progressive weakness and wasting, and the passage of whitish fatty motions, are 
likely to follow. Extensive fibrosis of the pancreas is also one of the commonest lesions 
found post-mortem in cases of diabetes mellitus. Cysts of the pancreas are sometimes 
met with. They may be the result of traumatism, when they generally contain blood, or 
they may be due to retention from obstruction of a duct, or from pressure on the main 
duct by a gall-stone. They may attain a large size, and cause symptoms by pressing 
on the stomach, Diaphragm, or common bile-duct. They generally push their way for- 
wards between the stomach and transverse colon, and may then be felt as a definite 
tumour in the middle line of the upper part of the abdomen. The tumour is fixed and 
does not move with respiration. The treatment consists in opening the abdomen in the 
middle line, incising the cyst, evacuating its contents, and fixing its walls to the deeper 
layers of the abdominal wall. Drainage in the left loin, just below the last rib, can some- 
times be established. When they are situated in the tail of the pancreas they have been 
removed. The pancreas is often the seat of cancer ; this usually affects the head, and 
therefore speedily involves the bile-duct, leading to persistent jaundice ; or it may press 
upon the portal vein, causing ascites, or involve the stomach, causing pyloric obstruct ion. 
The descending part of the duodenum is occasionally encircled by the head of the pancreas, 
and should the latter then be the seat of malignant disease or chronic inflammation it may- 
cause obstruction of the duodenum. It has been said that the pancreas is the only ab- 
dominal viscus which has never been found in a hernial protrusion ; but even this organ has 
been found in company with other viscera, in rare cases of diaphragmatic hernia. 


The Liver (Hepar) 

The liver, the largest gland in the body, is situated in the upper and 
right parts of the abdominal cavity, occupying almost the whole of the right 
hypoehondrium, the greater part of the epigastrium, and not uncommonly 
extending into the left hypoehondrium as far as the mammary line. In the 
male it weighs from 1*4 to 1*6 kilogm., in the female from 1*2 to 1*4 kilogm. 
It is relatively much larger in the foetus than in the adult, constituting, in 
the former, about one-eighteenth, and in the latter, about one- thirty-- sixth 
of the entire body weight. Its greatest transverse measurement is from 15 cm. 
to 20 cm. Vertically, near its right surface, it measures from 15 cm. to 17 cm., 
while its greatest anteroposterior diameter is on a level with the upper end of 
the right kidney, and is from 12 cm. to 15 cm. ; opposite the vertebral column 
this diameter is reduced to about 7 cm. Its consistence is that of a soft solid ; 
it is, however, friable and easily lacerated ; its colour is a dark reddish-brown, 
and its specific gravity is 1*05. 

When the liver has been hardened in situ it presents the appearance of a 
wedge, the base of which is directed to the right and the edge to the left. 
Symington describes its. shape as that e of a right-angled triangular prism with 
the right angles rounded off. 5 

The liver possesses five surfaces, viz. superior, inferior, anterior, posterior, 
and right. The superior, anterior, and right surfaces are united by round 
borders, but a sharp margin separates these surfaces from the inferior surface. 
A sickle-shaped fold of peritoneum, named the falciform ligament, is attached 
by its convex edge to the Diaphragm and the anterior abdominal wall, and by 
its concave edge to the anterior and superior surfaces of the liver, where it 
forms the boundary between the large right, and the small left, lobe of the 
liver (fig. 1139). In the free edge of this ligament there is a round cord, 
the ligamentum teres hepatis, which consists of the obliterated left umbilical 
vein. 
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Fossae. — The inferior and posterior surfaces of the liver (figs. 1140," 1141) 
are traversed by five fossae or fissures, arranged somewhat like the letter H. 


Fig. 1139. — The superior, anterior, and right lateral surfaces of the liver. 
(From a model by His.) 

Gall-bladder 



Left triangular ligament 


The left limb of the H is formed by the left sagittal fossa , which here separates 
the right from the left lobe ; it consists of an anterior part, the fossa for the 
umbilical vein, and a posterior part, the fossa for the ductus venosus. The 
right limb of the H is formed by the right sagittal fossae, the anterior of which 


Fig. 1140. — The posterior and inferior surfaces of the liver. 
(From a model by His.) 



Papillary process Fossa for umbilical vein 


is the fossa for the gall-bladder, the posterior, the fossa for the inferior vena 
cava. The cross-bar of the H is represented by the porta hepatis. 
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The fossa for ' the umbilical min (fig. 1140) is a deep cleft which runs backwards 
from a notch ( incisura umbilicalis) on the anterior margin of the liver to the 
left end of the porta hepatis, where it joins the fossa for the ductus venosus. 
It forms the left boundary of a four-sided area named the quadrate lobe, and a 
part of the fossa is often bridged by a band of liver-substance, named the pons 
hepatis. In the foetus it lodges the left umbilical vein, and in the adult, the 
obliterated remains of this vein, viz. the ligamentum teres hepatis. 

The fossa for the ductus venosus (fig. 1140) is a deep deft on the posterior 
surface of the fiver, separating the left lobe from an oblong area, named the 
caudate lobe. In the foetus it lodges the ductus venosus, and in the adult, a 
part of the lesser omentum, and a slender cord, named the ligamentum venosum t 
which represents the obliterated remains of the ductus venosus. The liga- 
mentum venosum runs upwards and towards the right, in front of the upper 
end of the caudate lobe, and is attached to the wall of the inferior vena cava. 


Fig. 1141. — The inferior surface of the liver. (From a model by His.) 
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The fossa for the gall-bladder (fig. 1141) is a shallow depression on the inferior 
surface of the right lobe, parallel with, but on the right of, the fossa for the 
umbilical vein. It forms the right boundary of the quadrate lobe, and 
extends from the anterior margin of the liver, which is often notched by it, 
to the right extremity of the porta hepatis. 

The fossa for the inferior vena cava (fig. 1140) is a deep depression, occa- 
sionally a complete tunnel, on the posterior surface of the liver, between the 
caudate lobe and what is known as the c bare area ? of the right lobe (p. 1184). 
It is separated from the porta hepatis by a narrow band of liver-substance, 
named the caudate process. If the inferior vena cava be slit open the orifices of 
the hepatic veins will be displayed. 

The porta hepatis (transverse fissure) (fig. 1141) is a deep fissure about 5 cm. 
long. It runs transversely between the posterior ends of the fossae for the 
gall-bladder and umbilical vein, and separates the quadrate from the caudate 
lobe. Through the porta hepatis the portal vein, the hepatic artery and a 
plexus of nerves enter, and the right and left hepatic ducts and some lymphatic 
vessels leave, the liver. Hear the right end of the porta hepatis the right and 
left hepatic ducts unite, at an obtuse angle, to form the hepatic duct. The 
hepatic duct and artery are placed in front of the portal vein, the duct lying 
on the right side of the artery. The lesser omentum is attached to the margins 
of the porta hepatis. 
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Lobes. — As already stated, the falciform ligament and the left sagittal 
fossa serve to divide the liver into a right and a left lobe. 

The left lobe is thin, flattened from above downwards, and only about 
one-sixth of the size of the right. It presents superior, inferior and posterior 
surfaces which are described with the surfaces of the liver. 

The right lobe is of a somewhat quadrilateral form. The porta hepatis 
and the fossae for the gall-bladder and inferior vena cava traverse its posterior 
and inferior surfaces and divide its left portion into two smaller lobes, named 
the quadrate and caudate. 

The quadrate lobe (figs. 1141, 1142) is situated on the inferior surface of the 
liver. It is bounded in front by the anterior margin, behind by the porta 
hepatis, on the right by the fossa for the gall-bladder, and on the left by the 
fossa for the umbilical vein. It is oblong in shape, its anteroposterior diameter 
being greater than its transverse. 

The caudate lobe (Spigelian lobe) (fig. 1141) is situated on the posterior 
surface of the liver, opposite the lower three thoracic vertebrae. It is bounded 
above by the upper part of the ligamentum venosum, below by the porta 
hepatis, on the right by the fossa for the inferior vena cava, and on the left by 
the fossa for the ductus venosus. It has two free surfaces ; one, quadrilateral in 
shape, directed backwards and a little towards the left, is separated from the 
Diaphragm by the superior recess of the omental bursa (p. 1140), the other, 
directed forwards, and towards the left, forms the right wall of the fossa for the 
ductus venosus, and is in contact with the part of the lesser omentum which lies 
in this fossa. A notch divides the projecting lower end of the lobe into a round 
left part, named the papillary process , and a narrow right part, termed the 
caudate process . The latter separates the porta hepatis from the fossa for 
the inferior vena cava, and connects the caudate lobe with the inferior surface 
of the main part of the right lobe (fig. 1141). 

Surfaces. — The superior surface of the liver (fig. 1139) includes portions of 
the right and' left lobes. It fits under the vault of the Diaphragm, and is 
covered by peritoneum, with the exception of a small triangular area between 
the diverging layers of the falciform ligament. Its right and left portions 
are convex, but on its central part there is a shallow cardiac impression 
which corresponds with the position of the heart on the upper surface of the 
Diaphragm. 

The anterior surface, triangular in shape, also comprises portions of the 
right and left lobes, and is covered by peritoneum except at the line of attach- 
ment of the falciform ligament. A large part of this surface is in contact 
with the Diaphragm, which separates it on the right side from the sixth to the 
tenth ribs and their cartilages, and on the left side from the seventh and eighth 
costal cartilages. Its central part lies behind the xiphoid process of the sternum 
and, in the angle between the diverging right and left costal cartilages, the 
anterior abdominal wall. 

The right surface is convex from before backwards, and slightly so from above 
downwards. It is covered by peritoneum and lies against the right portion of 
the Diaphragm which separates it from the lower parts of the right lung and 
pleura ; outside these are the right costal arches from the seventh to the 
eleventh inclusive. 

The posterior surface (fig. 1140) includes portions of the right and left lobes, 
and is thick and convex on the right, but thin on the left. Its central part is 
deeply concave in adaptation to the convexity formed by the vertebral column 
and the crura of the Diaphragm. A large part of this surface of the right lobe 
is not covered by peritoneum but is attached to the Diaphragm by areolar tissue. 
This non-peritoneal surface, or e bare area ’ as it is termed, is triangular in shape, 
and is limited above and below by the superior and inferior layers of the coronary 
ligament. Its base is formed by the fossa for the inferior vena cava, while its 
apex, directed downwards and lateralwards, corresponds with the meeting-point 
of the two layers of the coronary ligament. Immediately to the right of the 
lower part of the fossa for the inferior vena cava is a small triangular pit, 
the greater part of which is on the bare surface ; it lodges the right supra- 
renal gland and is named the suprarenal impression. Between the fossa for 
the inferior vena cava and that for the ductus venosus is the caudate lobe, 
already described. Immediately to the left of the fossa for the ductus venosus, 
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on the posterior surface of the left lobe, is the (Esophageal impression in which 
the antrum cardiaeum of the oesophagus is lodged. 

The inferior or visceral surface (fig. 1141) is concave but uneven. It is 
directed downwards, backwards and towards the left, and is in contact with the 
stomach, duodenum, lesser omentum, right colic flexure, right kidney and 
right suprarenal gland. It is invested by peritoneum, except at the fossa for 
the gall-bladder and at the porta hepatis. On the inferior surface of the left 
lobe, and in direct continuity with the oesophageal groove, is the gastric impres- 
sion which is moulded over the stomach. On the right of this impression is a 
rounded eminence, the tuber omentale, w T hich fits into the concavity of the lesser 
curvature of the stomach, and is in contact with the lesser omentum. On the 
right of the fossa for the umbilical vein is the quadrate lobe which is concave 
and lies over the pyloric part of the stomach and the beginning of the duodenum, 
when these are dilated. When, on the other hand, the stomach is empty the 
quadrate lobe is in contact with the superior part of the duodenum and a portion 
of the transverse colon. Behind the quadrate lobe are the porta hepatis and 
the papillary and caudate processes, already described. There are three im- 
pressions, colic, renal and duodenal, on that part of the right lobe which is 
placed on the right side of the fossa for the gall-bladder. The colic impression , 
produced by the right colic flexure, is shallow and is situated anteriorly. 
The renal impression , posterior to and deeper than the colic impression, is 
occupied by the upper part of the right kidney, and x frequently extends for 
a short distance on to the lower part of the £ bare area.’ The duodenal 
impression is between the renal impression and the neck of the gall-bladder. 
It is a narrow, concave surface which comes into contact with the descending 
part of the duodenum. * 

The anterior margin of the fiver is sharp, and marked, at the attachment 
of the falciform ligament, by the incisura umbilicafis (p. 1183), and frequently 
by a second notch at the fundus of the gall-bladder. In adult males this margin 
generally corresponds with the lower edge of the thorax in the right mammary 
fine, but in women and children it usually projects below T the ribs. 

Ligaments. — The fiver is connected to neighbouring structures by liga- 
ments. These, except the ligamentum teres hepatis and the figamentum 
venosum, consist of folds or reflections of the peritoneum and comprise the 
falciform, the coronary, the right and left triangular, the hepatogastric and 
the hepatoduodenal ligaments. 

The falciform ligament connects the liver to the Diaphragm and the anterior 
abdominal wall, and is a sickle-shaped fold consisting of two layers of peritoneum 
closely united together. Its convex margin is fixed to the inferior surface of 
the Diaphragm, and to the posterior surface of the anterior abdominal wall 
about 3 or 4 cm. to the right of the median plane, and extending downwards 
as far as the umbilicus. Its concave margin is attached to the anterior and 
superior surfaces of the fiver and to the fossa for the umbilical vein on its 
inferior surface. In its base or free edge are contained the ligamentum teres 
hepatis and the small para-umbilical veins (p. 741). At the posterior part of 
the superior surface of the liver the two layers of the falciform ligament separate 
from one another and expose a small triangular area which is uncovered by 
peritoneum. The right layer of the ligament is continuous with the superior 
layer of the coronary ligament, the left with the anterior layer of the left 
triangular ligament (fig. 1139), 

The coronary ligament (fig. 1140) is formed by the reflections of the peritoneum 
from the liver to the Diaphragm at the upper and lower boundaries of the 
c bare area/ and consists of a superior layer which is continuous with the right 
layer of the falciform ligament, and an inferior layer which passes to the right 
kidney and suprarenal gland and is termed the hepatorenal ligament. 

The right triangular ligament (right lateral ligament) (fig. 1139) is situated 
at the right extremity of the c bare area/ and is a small fold which passes to the 
Diaphragm. It is formed by the apposition of the two layers of the coronary 
ligament. 

The left triangular ligament (left lateral ligament) (fig. 1139) is larger than 
the right. It connects the posterior part of the upper surface of the left lobe 
of the fiver to the Diaphragm, and its anterior layer is continuous with the 
left layer of the falciform ligament. 

G.A, . 2P 
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The hepatogastric and hepatoduodenal ligaments together constitute the 
lesser omentum which is attached below to the lesser curvature of the stomach 
and the superior part of the duodenum, and above to the liver along the margins 
of the porta hepatis and at the bottom of the fossa for the ductus venosus. 
Between the layers of the hepatoduodenal ligament are contained the bile-duct, 
the portal vein and the hepatic artery, together with some lymph-glands 
and lymphatic vessels, and a plexus of nerves. 

The ligamentum teres hepatis (fig. 1141) is a fibrous cord resulting from the 
obliteration of the left umbilical vein of the foetus. It runs from the umbilicus 
upwards and backwards in the free margin of the falciform ligament to the 
incisura umbilicalis, and above this in the fossa for the umbilical vein to the 
porta hepatis where it joins the left branch of the portal vein. Before birth 
the left umbilical vein conveyed blood from the placenta to the foetus. 

The ligamentum venosum ( Arantii ) is a fibrous cord resulting from the oblitera- 
tion of the ductus venosus. It ascends in the fossa for the ductus venosus 
and unites the left branch of the portal vein to the terminal part of the inferior 
vena cava. Before birth the ductus venosus transmitted to the inferior vena 
cava some of the blood conveyed from the placenta by the left umbilical vein. 

Vessels and Nerves.— The vessels connected with the liver are the portal vein, and the 
hepatic artery and veins. 

The portal vein and hepatic artery, accompanied by numerous nerves, ascend between 
the layers of the lesser omentum to the porta hepatis where each divides into two branches ; 
the bile-duct and lymphatic vessels descend from the porta hepatis between the layers of the 
same omentum. They are all enveloped in a loose areolar tissue, the fibrous capsule of 
Glisson, which accompanies the vessels in their course through the portal canals in the 
interior of the liver (fig. 1146). 


Pig. 1142. — A longitudinal section 
through a hepatic vein. (After 
Kiernan.) 



Orifices of intralobular veins 


Fig. 1143. — A longitudinal section 
through a small portal vein and 
canal. (After Kiernan.) 
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from ichich 
vein has been 
removed 


The hepatic veins (fig. 1142) convey the blood from the liver to the inferior vena cava, 
and are described on p. 741. They have very little cellular investment, but what there is 
binds them closely to the walls of the canals through which they run ; so that, on section 
of the liver, they remain widely open and are solitary, and may be easily distinguished from 
the branches of the portal vein, which are more or less collapsed, and always accompanied 
by an artery and duct. 

The lymphatic vessels of the liver are described on p. 771. 

The nerves of the liver, derived from the left vagus and sympathetic, enter at the porta 
hepatis and accompany the vessels and ducts to the interlobular spaces. Here, according 
to Korolkow, the medullated fibres are distributed almost exclusively to the coats of the 
blood-vessels ; while the non-medullated enter the lobulus and ramify between the cells. 

Structure of the liver. — The greater part of the liver is covered with peritoneum, under- 
neath which is a thin capsule of connective tissue. With the naked eye the liver can be 
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seen to consist of an enormous number of polyhedral lobules (fig. 1145), each of which is 
about 1 mm. in diameter. In the pig each lobule is sharply marked off from those adjoining 
it by connective tissue septa, but in the human liver there are no such definite boundaries. 


Fig. 1144*. — A section through the injected liver of a dog. 



A lobule consists of a mass of cells, arranged in columns which radiate from a central 
vein (fig. 1145). Between the columns are irregular blood-vessels (sinusoids).^ 

A liver -cell is approximately cubical in shape, and is from 12/x to 25/r in diameter. 
It possesses one or two spherical nuclei, and its protoplasm usually contains granules of 
glycogen, and of a compound of iron. Fat droplets may also be present in the liver-cell. 

Blood is conveyed to the liver by the portal vein and hepatic artery. These vessels 
enter the liver at the porta hepatis, and, as already stated, are enclosed together with the 


Fig. 1145.— A section through a lobule of the human liver. Stained with 
hematoxylin and eosin. x 60. 



hepatic duct in a connective tissue sheath termed Giisson’s capsule. In the porta 
hepatis the portal vein, hepatic artery and hepatic duct each divide into right and left 
branches, and these branches subsequently ramify, in their connective tissue capsule, 
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throughout the substance of the liver, and are accompanied by nerves and lymphatic 
vessels. The spaces occupied by these various structures are named 'portal canals 

(fig. 1146). The smallest 

Fig. 1146. — A transverse section through a portal 
canal of a pig. x 250. 
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branches of the portal vein 
form interlobular plexuses 
between the lobules, and 
from these plexuses capil- 
lary-like vessels, named 
sinusoids, run between the 
columns of liver-cells and 
open into the intralobular 
veins in the centres of the 
lobules. The r intralobular 
veins join to form sublobular 
veins, and these unite to 
form the hepatic veins (fig. 
1142) which drain the blood 
from the liver into the 
inferior vena cava. 

The hepatic artery con- 
veys arterial blood to the 
connective. tissue of the liver, 
to the walls of the sub- 
divisions of the portal vein, 
and to the bile-ducts ; its 
ultimate branches open into 
the interlobular plexuses 
and provide oxygenated 
blood for the liver cells. 

The sinusoids are wider 
and more irregular than 
capillaries, and have an 
incomplete wall formed of 
branched cells (stellate cells of Kupffer). There is no lymph-space between the wall of the 
sinusoid and the liver- cells, and, in consequence of the gaps in the former, the blood comes 
into direct contact with the hepatic cells. Moreover, 
according to Herring and Simpson, minute channels 
penetrate the liver-cells, conveying the constituents 
of the blood into their substance. 

The bile-ducts do not penetrate the lobules, but 
receive minute canaliculi which convey the bile from 
the cells to the periphery of the lobules. These 
canaliculi, or bile-capillaries , are merely little channels 
or spaces between adjacent cells, and are always 
separated from the sinusoids by at least half the 
width of a liver-cell (fig. 1147). 

Structure of the ducts . — The walls of the biliary 
ducts consist of a connective tissue coat, in which 
are’ non-striped muscle-cells arranged both circularly % 
and longitudinally, and an epithelial layer, consist- 
ing of short columnar cells resting on a basement- 
membrane. 

Nerve-fibrils are said to be distributed between 
the cells of the liver, and even to enter their 
substance. 



Fig. 1147. — The bile -capillaries 
of a rabbit, shown by Golgi’s 
method. X 450. 



The Excretory Apparatus op the Liver 

The excretory apparatus of the liver consists of (1) the hepatic duct , formed 
by the junction of the two main ducts, which leave the liver at the porta hepatis ; 
(2) the gall-bladder , which serves as a reservoir for the bile ; (3) the cystic duct , 
or duct of the gall-bladder ; and (4) the bile-duct , formed by the junction of the 
hepatic and cystic ducts. 

The hepatic duct. — Two main ducts (right and left hepatic) issue from 
the liver at the porta hepatis and unite to form the hepatic duct, which passes 
downwards for about 3 cm., and is joined at an acute angle by the cystic 
duct ; by the union of the hepatic with the cystic duct the bile-duct is 
formed. The hepatic duct is on the right of the hepatic artery and in front 
of the portal vein. 
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Fig, 1148. — The gall-bladder and bile- 
duets laid open. (Spalteholz.) 


The gall-bladder (vesica fellea) (figs. 1141, 1148) is a conical or pear-shaped 
sac, lodged in a fossa on the under surface of the right lobe, and extending 
from near the right extremity of the porta hepatis to the anterior border of 
the liver. Its upper surface is attached to 
the liver by connective tissue ; its under 
surface and sides are covered with peri- 
toneum continued from the surface of the 
liver. Occasionally it . is completely in- 
vested with peritoneum and may be con- 
nected to the liver by a short mesentery. 

It is from -7 cm. to 10 cm. long, 3 cm. 
broad at its widest part, and holds from 
30 c.cm. to 50 c.cm. It is divided into a 
fundus, body, and neck. 

The fundus , or expanded end, is 
directed downwards, forwards and to the 
right. It projects beyond the anterior 
margin of the liver, and comes into 
relationship with the posterior surface 
of the anterior abdominal wall below the 
ninth right costal cartilage, and behind 
the point where the lateral edge of the 
right Rectus abdominis touches the lower 
margin of the thoracic wall ; posteriorly 
the fundus is in relation with the transverse 
colon. The body is directed upwards, 
backwards and to the left ; near the right 
end of the porta hepatis it is continuous 
with the neck. It is in relation, by its 
upper surface, with the liver ; by its under 
surface, with the commencement of the 
transverse colon ; and farther back 
usually with the upper end of the descend- 
ing portion of the duodenum, hut some- 
times with the superior portion of the 
duodenum or pyloric end of the stomach. 

The neck is narrow ; it curves upwards 
and forwards, and then, turning abruptly 
backwards and downwards, becomes continuous with the cystic duct ; at its 
point of continuity with the cystic duct there is a constriction. The neck is 
attached to the liver by areolar tissue in w T hich the cystic artery is imbedded. 
The mucous membrane which lines the neck projects into its lumen in the 
form of oblique ridges, forming- a sort of spiral valve. 

The cystic duct, from 3 cm. to 4 cm. long, passes backwards, downwards, 
and to the left from the neck of the gall-bladder, and joins the hepatic duct 
to form the bile-duct ; it runs parallel with and adheres to the hepatic duct 
for a short distance before joining with it. The mucous membrane lining its 
interior is thrown into a series of crescentic folds, from five to twelve in number, 
similar to those found in the neck of the gall-bladder. They project into the 
duct in regular succession, and are directed obliquely round the tube, presenting 
much the appearance of a crescentic spiral valve. When the duct is distended, 
the spaces between the folds are dilated, and the exterior of the duct appears 
twisted. 

The bile-duct (common bile-duct, ductus choledochus) is formed by the 
junction of the cystic and hepatic ducts ; it is about 7 cm. long, and of the 
diameter of a goose-quill. 

It runs at first downwards, backwards, and to the left in the right border 
of the lesser omentum, in front of the portal vein, and on the right of the hepatic 
artery. It passes behind the superior portion of the duodenum, and then 
runs in a groove, on the posterior surface of the head of the pancreas ; here 
it is situated in front of the inferior vena cava, and is sometimes completely 
imbedded in the pancreatic substance. Its terminal part lies for a short 
distance along the right side of the terminal part of the pancreatic duct and 
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passes with it obliquely through the coats of the duodenum. The two ducts unite 
and op>en by a common orifice upon the summit of a papilla (papilla duodeni ), 
situated at the medial side of the descending portion of the duodenum, 7 cm. 
to 10 cm. from the pylorus (fig. 1137). The short tube formed by the union 
of the two ducts is dilated into an ampulla, the ampulla of Vater . 


Fig. 1149. — A transverse section through the wall of the gall-bladder. 



Structure (fig. 1149). — The gall-bladder has three coats : serous, fibromuseular, and 
mucous. 

The external or serous coat is derived from the peritoneum ; it completely invests the 
fundus, but covers only the under surfaces and sides of the body and neck. 

The fibromuseular coat , a thin but strong layer, consists of dense fibrous tissue, mixed 
with plain muscular fibres, which are disposed chiefly in a longitudinal direction, a few 
running transversely. 

The internal or mucous coat is loosely connected with the fibrous layer. It is gener- 
ally of a yellowish-brown colour, and is elevated into minute rugse. It is continuous 
through the hepatic duct with that of the ducts of the liver, and through the bile-duct 
with that of the duodenum. Its epithelium is columnar, and secretes mucin, or, in some 
animals, a nucleoprotein. 

The coats of the large biliary ducts are an external or fibrous, and an internal or 
mucous. The fibrous coat- is composed of strong fibro-areolar tissue, with a certain 
amount of muscular tissue, arranged, for the most part, in a circular manner around the 
duets. The mucous coat is continuous with the lining membrane of the hepatic ducts 
and gall-bladder, and also with that of the duodenum; and, like the mucous membrane 
of these structures, its epithelium is of the columnar variety. It is provided with 
numerous mucous glands, which are lobulated and open by minute orifices scattered 
irregularly in the larger ducts. 

Applied Anatomy . — On account of its large size, its fixed position, and its friability, 
the liver is more frequently ruptured than any of the other abdominal viscera. The 
rupture may vary from a slight scratch to an extensive and complete laceration of its 
substance, dividing it into two parts. Sometimes an internal rupture, without laceration 
of the peritoneal covering, takes place, and such injuries are most susceptible of repair; 
but small tears of the surface may also heal; when, however, the laceration is extensive, 
death usually takes place from haemorrhage, on account of the fact that the hepatic veins 
are contained in rigid canals in the liver-substance and are unable to contract, and are 
moreover unprovided with valves. The liver may also be torn by the end of a broken 
rib perforating the Diaphragm. It may be injured by stabs or other punctured wounds, 
and when these are inflicted through the chest- wall, the pleural and peritoneal cavities 
may both be opened up, and both lung and liver wounded. In cases of laceration of the 
liver, when there is evidence that bleeding is going on, the abdomen must be opened, the 
laceration sought for, and the bleeding arrested. This may be done temporarily by intro- 
ducing the forefinger into the epiploic foramen and placing the thumb on the lesser 
omentum, and compressing the hepatic artery and portal vein between the two. The 
margins of the laceration, if small, can be brought together and sutured by means of a 
blunt curved needle passed from one side of the wound to the other ; this must be done 
with the greatest gentleness, as the liver substance is very friable. When the laceration 
is extensive it must be packed with gauze, the end of which is allowed to hang out of the 
external wound. 
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Abscess of the liver is of not infrequent occurrence. The so-called tropical abscess is 
due to absorption, from the intestine, of the amoeba of dysentery, which reaches the liver 
through the portal system and causes the formation of a large chronic abscess; this may 
enlarge in many different directions on account of the relations of the liver to other 
organs. Thus it has been known to burst into the lungs, when the pus is coughed up ; or 
into the stomach, when the pus is vomited; it may burst into the colon, or duodenum; 
or, by perforating the Diaphragm, it may empty itself into the pleural cavity. It often 
makes its way forwards, and points on the anterior abdominal wall, and finally it may 
burst into the peritoneal or pericardial cavities. Abscesses of the liver frequently require 
opening, andjhis must be done by an incision in the abdominal wall, in the thoracic wall, 
or in the lumbar region, according to the direction in which the abscess is tracking. The 
incision through the abdominal wall is to be preferred when possible. The abdominal 
wall is incised over the swelling, and, unless the peritoneum is adherent, gauze is packed 
all round the exposed liver surface, the abscess opened, and a large drainage tube 
inserted. 

Hydatid cysts are more often found in the liver than in any of the other viscera. The 
reason of this is not far to seek. The embryo of the egg of the Taenia echinococcus, being 
liberated in the stomach by the disintegration of its shell, bores its way through the 
gastric walls and usually enters a blood-vessel, and is carried by the blood-stream to the 
hepatic capillaries, where its onward course is arrested, and where it undergoes develop- 
ment into the fully formed hydatid. 

Ptosis of the liver, or hepatoptosis, from abnormal laxity of its ligaments and failure 
of the support it usually receives from the subjacent viscera, is an occasional cause of 
various nervous and gastrointestinal disturbances. It has been very fully described by 
G-lenard and his pupils. In women who have used very tight corsets and in men who 
have worn tightly buckled belts, the lower margin of the right lobe may become elongated 
by the pressure, producing an abnormal lobe known as the linguiform or Riedel's lobe. 
This may cause indefinite abdominal symptoms suggesting dyspepsia or disease of the 
gall-bladder; and if discovered accidentally, a Riedel’s lobe may be mistaken for a 
tumour of the right kidney, of the colon or pancreas, or even of the vermiform process. 

The gall-bladder may become distended in cases of obstruction of the cystic duct or 
of the bile-duct, or from a collection of gall-stones in its interior, thus forming a large 
tumour. The swelling is pear-shaped, and projects downwards and forwards towards the 
umbilicus. It moves with respiration, since it is attached to the liver. To relieve this 
condition, the gall-bladder must be opened (chole cystotomy) and the gall-stones removed. 
The operation is performed by an incision, 5 cm. to 7 cm. long, through the lateral part of 
the right Rectus, commencing at the costal margin. The peritoneal cavity is opened, 
and the tumour having been found, gauze is packed round it to protect the peritoneal 
cavity, and it is aspirated. When the contained fluid has been evacuated the flaccid 
bladder is drawn out of the abdominal wound and its wall incised ; any gall-stones in the 
bladder are now removed. If the case is one of obstruction of the duct, an attempt must 
be made to dislodge the stone by manipulation through the wall of the duct. If this does 
not succeed, the safest plan is to incise the duct, extract the stone, and close the incision 
by fine sutures in two layers. The obstruction having been removed, the edges of the 
incision in the gall-bladder may be sutured round a drainage tube which is inserted into 
the cavity; this fistulous opening usually closes in the course of a few weeks. The 
gall-bladder may be completely removed if it be quite certain that no cause for biliary 
obstruction remains : this is also done for primary malignant growth of the viscus. 

Obstruction of the bile-duct apart from stone is ofren due to occlusion of this canal by 
pressure of malignant growths, especially those commencing in the pylorus or pancreas. 
It is also seen following ulceration of the duct, cicatricial contraction of the scar tissue 
taking place. Enormous distension, both of the bile-duct itself and of its radicles in the 
liver substance, may occur at times. 


THE UROGEHITAL APPARATUS 

The urogenital apparatus consists of (a) the urinary organs for the secretion 
and discharge of the urine, and ( b ) the genital organs, which are concerned 
with the process of reproduction. 


THE URINARY ORGANS 

The urinary organs comprise the kidneys , which secrete the urine ; the 
ureters , which convey it to the urinary bladder ; and the urethra , through 
which it is discharged from the urinary bladder. 
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The Kidneys (Penes) 

The kidneys are situated in the posterior part of the abdomen, one on 
either side of the vertebral column, behind the peritoneum ; they are sur- 
rounded by a mass of fat and some loose areolar tissue. Their upper ends are 
on a level with the upper border of the twelfth thoracic vertebra, their lower, 
with the thir d lumbar vertebra. The right kidney is usually slightly lower than 
the left, probably on account of the vicinity of the liver ; the left is a little 
longer and narrower than the right. The long axis of each kidney is directed 
downwards and lateral wards \ the transverse axis lateral wards and backwards. 

Each kidney is about 11 cm. in length, 6 cm. in breadth, and about 3 cm. 
in thickness. In the adult male the weight of the kidney varies from 125 gm. 
to 170 gm. ; in the adult female from 115 gm. to 155 gm. 

The kidney has a characteristic form, and presents for examination two 
surfaces, two borders, and an upper and a lower end. 


Fig. 1150. The anterior surfaces of the kidneys, showing the areas of contact 

of the neighbouring viscera. 

Suprarenal area 



Relations. — The anterior surface (figs. 1135. 1150) of either kidney is 
convex* and looks forwards and lateralwards. Its relations to adjacent viscera 
differ on the two sides of the body. 

(a) Anterior surface of right kidney. — A narrow portion at the upper extremity 
is in contact with the right suprarenal gland. A large area just below this 
and involving about three-fourths of the surface, lies in the renal impression 
on the inferior surface of the liver, and a narrow but somewhat variable area 
near the medial border is in contact with the descending part of the duodenum. 
The lower part of the anterior surface is in contact laterally with the right 
colic flexure, and medially, as a rule, with the small intestine. The area in 
relation with the small intestine and almost the whole of the area in contact 
with the liver are covered by peritoneum ; the suprarenal, duodenal, and 
colic areas are devoid of peritoneum. 

(b) Anterior surface of left kidney . — A small area along the upper part of 
the medial border is in relation with the left suprarenal gland, and the upper 
two-thirds of the lateral half of the anterior surface are in contact with the 
renal impression on the spleen. A somewhat quadrilateral field, about the 
middle of the anterior surface, marks the site of contact with the body of 
the pancreas, on the deep surface of which are the lienal vessels. Above this 
is a small triangular portion, between the suprarenal and splenic areas, in 
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contact with the stomach. Below the pancreatic and splenic areas the lateral 
part is in relation with the left colic flexure, the medial with a small part of 
the jejunum. The area in contact with the stomach is covered by the peri- 
toneum of the omental bursa, while those in relation to the spleen and the 
jejunum are covered by the peritoneum of the main cavity ; behind the 
peritoneum of the jejunal area are some branches of the left colic vessels. 
The suprarenal, pancreatic, and colic areas are devoid of peritoneum. 

The posterior surface (figs. 1151, 1153) of each kidney is directed backwards 
and medialwards. It is imbedded in areolar and fatty tissue, and is devoid 
of peritoneal covering. It lies upon the Diaphragm, the medial and lateral 
lumbocostal arches, the Psoas major, the Quadratus lumborum, and the 
tendon of origin of the Trans versus abdominis, the subcostal vessels, and the 
last thoracic, iliohypogastric, and ilioinguinal nerves. The right kidney rests 


Pig. 1151. — The posterior surfaces of the kidneys, showing the areas of relation 

to the parietes. 

Eleventh rib 



upon the twelfth rib, the left usually on the eleventh and twelfth. The 
Diaphragm separates the kidney from the pleura, which dips down to form 
the phrenicocostal sinus, but frequently the muscular fibres of the Diaphragm 
are defective or absent over a triangular area immediately above the lateral 
lumbocostal arch, and when this is so the perinephric areolar tissue is in contact 
' with the diaphragmatic pleura. 

The upper end of the kidney is thick and round, and is nearer the median line 
than the lower ; it is surmounted by the suprarenal gland, which covers also 
a small portion of the anterior surface. The lower end , smaller and thinner 
than the superior, extends to within 5 cm. of the iliac crest. 

The lateral border is convex ; that of the left kidney is in contact, at its 
upper part, with the spleen. 

The medial border is concave in the centre and convex at either end ; 
it is directed a little downwards and forwards. In its central part is a deep 
vertical fissure, the hilum , which is bounded by an anterior and a posterior 
lip, and transmits the renal vessels and nerves and the funnel-shaped upper 
end ( renal pelvis) of the ureter. The relative positions of the main structures 
in the hilum are as follows : the renal vein is in front, the renal artery in the 
middle, and the renal pelvis behind. Frequently, however, branches both 
of artery and vein are situated behind the renal pelvis. Above the hilum the 
medial border is in relation with the suprarenal gland, below with the com- 
mencement of the ureter. 

2p2 


G.A. 
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The hilum leads into a central recess or cavity named the renal sinus , 
which is lined by a continuation of the capsule of the kidney and is almost 


Fia 1152.-- The relations of the kidneys from behind. 



entirely filled by the renal pelvis and renal vessels ; on the wall of the sinus 
are numerous nipple-like elevations, the renal papillae. Within the sinus the 

renal pelvis divides into two, 
Fig. 1153. — A sagittal section through the posterior sometimes three, large branches 
abdominal wall showing the relations of the which are termed the calyces 
capsule of the kidney. (After Gerota.) renales majores, and each of 

these divides again into several 
short branches named the 
calyces renales minor es (fig. 
1156). In all, there are usually 
from seven to thirteen of these 
minor calyces; each expands 
as it approaches the wall of the 
renal sinus, and the expanded 
end is indented and moulded 
round from one to three renal 
papillae. The wall of the ex- 
panded end of the calyx is 
firmly adherent to the capsule 
lining the renal sinus ; it is 
perforated by the collecting 
tubes which open on the sum- 
mits of the renal papillae. 

The kidney and its vessels 
are imbedded in a mass of 
fatty tissue, termed the fatty 
capsule , which is thickest at the 
borders of the kidney and is 
prolonged through the hilum 
into the renal sinus. The 
kidney and the fatty capsule 
are enclosed in a sheath of 




THE STRUCTURE OF THE KIDNEYS 


1195 


fibrous tissue continuous with the subperitoneal fascia, and named the renal 
fascia (figs. 1153, 1154). At the lateral border of the kidney the renal fascia 
splits into an anterior and 

a posterior layer. The Fig. 1154. — A transverse section, showing the relations 
anterior layer is carried of the capsule of the kidney. (After Gerota.) 

medialwards in front of the 
kidney and its vessels, and 
is continuous over the aorta 
with the corresponding 
layer of the opposite side. 

The posterior layer extends 
medialwards behind the 
kidney and blends with the 
fascia on the Quadratus 
lumborum and Psoas major, 
and through this fascia is 
attached to the vertebral 
column. Above the supra- 
renal gland the two layers 
of the renal fascia fuse, and 
unite with the fascia of 
the Diaphragm ; below the 
kidney they remain separ- 
ate, and are gradually lost 
in the subperitoneal "fascia 
of the iliac fossa. The renal 
fascia is connected to the 
fibrous tunic of the kidney 
by numerous trabeculae, 
which traverse the fatty 
capsule, and are strongest 
near the lower end of the 
organ. Behind the renal 

fascia is a considerable quantity of fat, which constitutes the paranephric body. 
The kidney is held in position partly through the attachments of the renal 
fascia and partly by the apposition of the neighbouring viscera. 

In the fcetus the kidney consists 
of about twelve distinct lobules (fig. 
1155), but in the adult these are 
fused and the kidney presents a 
uniformly smooth surface. 



Fig. 1155. — The kidneys and suprarenal 
glands of a new-born child. Anterior 
aspect. 

HUum Hilum 



General structure of the Kidney. — The 
kidney is invested by a fibrous capsule 
which is easily stripped off ; beneath the 
fibrous capsule is an incomplete layer of 
smooth muscular fibres. If a vertical 
section be made from its lateral to its 
medial border, and the loose tissue and fat 
removed from around the vessels and the 
excretory duct, the renal sinus will be seen 
surrounded at all parts but one by the 
proper kidney-substance (fig. 1156). The 
fibrous capsule is prolonged into the sinus 
round the lips of the hilum, to become con- 
tinuous with the outer coat of the renal 
pelvis. 

The kidney is composed of an internal 
medullary and an external cortical sub- 
stance. 

The medullary substance consists of a 
series of pale striated conical masses, 
termed the renal pyramids , the bases of 
which are directed towards the circumference of the kidney, while their apices converge 
towards the renal sinus, where they form prominent papillae projecting into the interior 
of the calyces, each calyx minor receiving from one to three papillae. 


JRenal vessels 
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The cortical substance is reddish-brown in colour, and soft and granular in con- 
sistence. It lies immediately beneath the fibrous tunic, arches over the bases of the 

pyramids, and dips in between 
adjacent pyramids towards the 
renal sinus. The parts dipping 
in between the pyramids are 
named the renal columns (Ber- 
tini), while the portions which 
connect the renal columns with 
each other and intervene between 
the bases of the pyramids and the 
fibrous tunic are called the cortical 
arches. If the cortex be examined 
with a lens, it will be seen to 
consist of a series of lighter- 
coloured, conical areas, termed 
medullary rays 9 and a darker- 
coloured intervening substance, 
which from the complexity of its 
structure is named the convoluted 
■part. The rays gradually taper 
towards the circumference of the 
kidney, and consist of a series of 
outward prolongations from the 
base of each renal pyramid. 

The cortical and medullary 
substances are made up of renal 
tubules and blood-vessels, united 
and bound together by a connect- 
ing stroma. 

Minute Anatomy. — The renal 
tubules (fig. 1157) commence in 
the cortical substance, and after pursuing a very tortuous route through the cortical and 
medullary substances finally end at the apices of the renal pyramids by open mouths. If 

Fig. 1157. — A scheme of a renal tubule and its vascular supply. 


Bowman's capsule Neck ls£ convoluted tubule 



Fig. 1156. — A vertical section through a kidney. 

Medullary substance 

Cortical 
substance 


Calyces 

minores 



Pyramid 


Calyx major 


Renal sinus 
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the surface of one of the papillae be examined with a lens, it will be seen to be studded 
over with minute openings, the orifices of the renal tubules, from sixteen to twenty in 
number, and if pressure be made on a fresh kidney, urine will be seen to exude from 
these orifices. The tubules commence in the convoluted part and renal columns as the 
Malpighian bodies, which are small rounded masses of a deep red colour, averaging about 



Fig. 1160. — A 
through the 
Henle’s loop, 


longitudinal section 
descending limb of 


0’2 mm. in diameter. Each of these bodies is composed of two parts : a central 
glomerulus of vessels, and a membranous envelope, the capsule of Bowman, which is the 
small pouch-like commencement of a renal tubule. 

The glomerulus is a lobulated tuft of convoluted capillary blood-vessels, held together 
by scanty connective tissue. This capillary network is derived from a small arterial twig, 
the afferent vessel, which enters the capsule, generally at a point opposite to that at which 
the latter is connected with the tubule ; the efferent vessel emerges from the capsule at 
the same point. The afferent vessel is usually the larger of the two (figs. 1158, 1159). 

Bowman’s capsule is the blind expanded end of the renal tubule, indented for the 
reception of the glomerulus. It consists of a basement-membrane, lined by a single layer 
of flattened epithelial cells. Thus between the glomerulus and the outer layer of the 
capsule there is a space lined by a continuous layer of squamous cells ; this cavity varies 
in size according to the state of secretion and the amount of fluid present in it. In the 
foetus and young subject the lining epithelial cells are polyhedral or columnar. 

Each renal tubule consists of the following parts : (1) Bowman’s capsule . already 
described, (2) a constricted portion, the neck , (3) the first convoluted tubule, (4) the spiral 
tubule, which takes a course towards the medulla, 

(5) the descending limb of Henle’s loop , narrower 
than the preceding, and running into the medullary 
substance, where it turns to form (6) the loop of 
Henle, (7) the ascending limb of Henle’s loop, broader 
than the descending limb, which re-enters the 
cortical substance, (8) an angular segment, the 
irregular or zig-zag tubule, (9) the second convoluted 
tubule, (10) the junctional tubule, which opens into 
(11), the collecting tubule (fig. 1157). 

The straight or collecting tubules commence in 
the medullary rays of the cortex they unite at 
short intervals with one another ; the terminal tubes 
present a considerable increase in calibre, and are 
known as the ducts of Bellini ; they finally open on 
the summit of a papilla. 

Structure of the. renal tubules. — The renal tubules 
consist of a basement-membrane lined by epithelium. 

In the neck the epithelium is continuous with that 
lining Bowman’s capsule, and like it consists of 
flattened cells each containing an oval nucleus (fig. 

1161). The two convoluted tubules, the spiral and 
zig-zag tubules, and the ascending limb of Henle’s 

loop are lined by a type of epithelium which is his- . , 

tolodcally similar in all. The cells are somewhat columnar m shape and dovetail into one 
another on their lateral aspects. Each has a striated border next the lumen of the tube ; 
its substance is granular, the granules in the outer portion being arranged in vertical rows. 
The nucleus is spherical and situated about the centre of the cell. In the descending 
limb of Henle’s loop the epithelium resembles that found in Bowman s capsule and the 


a. Membrana propria. 5. Epithelium. 
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commencement of the tube, consisting of flat, clear epithelial plates, each with an oval 
nucleus (fig. 1160). The nuclei alternate on opposite surfaces of the tubule so that the 
lumen remains fairly constant. 


Fig. 1161.— A radial section through the cortex of a human kidney. 

with hsematoxylin and eosin. x 100. 


Stained 
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Fig. 1162. — A transverse section through a pyramid of a human kidney. Stained 
with hsematoxylin and eosin. x 400. 



’Large collecting 
tubule 


Blood-vessel 


Small collecting 
tubule 


Tubule of Henle's loop 


, In the collecting tubule the epithelium is clear and cubical : in its papillary portion 
the cells are columnar and transparent (fig. 1162). 

The renal blood-vessels. — Before entering the kidney, each artery divides into four or 
five branches which at the hilum He mainly between the renal vein and renal pelvis, the 
vein being in front, the pelvis behind ; one branch usually lies behind the pelvis. Each 
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vessel gives off some small branches to the suprarenal glands, to the ureter, and to the 
surrounding cellular tissue and muscles. One or two accessory renal arteries may arise 
from the abdominal aorta, either above or below the renal arterv. Such vessels do not 
enter the hiium, but pierce the upper or lower parts of the kidney. The branches of the 
renal artery, while in the sinus, give off a few twigs for the nutrition of the surrounding 
tissues, and end in the arteries proprice renales, which enter the kidney proper in the renal 
columns. These pass between the renal pyramids, and may be called interlobar arteries 
(Gross*). They run a short course, and divide and subdivide rapidly at acute angles as 
they penetrate the lddney substance, producing, when injected by barium sulphate and 
examined by means of arrays, a treelike appearance. From the smallest branches oi: the 
tree, near the surface of the kidney, there spring a large number of straight arteries ( intra- 
lobular ), arranged vertically to the surface. Each of these gives off a number of lateral 
branches, afferent vessels of the glomeruli, or glomerular arteries. Each intralobular artery 
with its branches and associated glomeruli resembles a string of red currants. 

From the capillaries of each glomerulus an efferent vessel, smaller than the afferent 
vessel, arises and divides to form a second set of capillaries which run between the tubules 
and are called intertubular capillaries. These unite to form intralobular veins which 
discharge into the tributaries of the interlobar veins running with the interlobar arteries. 
Each intralobular vein begins beneath the fibrous tunic of the kidney by the convergence 
of smaller veins, called vence stellatce because of their appearance as seen from the surface 
of the organ. 

The vascular supply of the medulla of the kidney is relatively scanty, and is derived 
from branches of the interlobar arteries, and also, to a small extent, from the efferent 
vessels of the glomeruli adjacent to the medullary substance. The capillaries run a straight 
course between the collecting tubules, and open into tributaries of the interlobar veins, 
these finally uniting to form the renal vein. 

Nerves of the kidney. — The nerves of the kidney, although small, are about fifteen in 
number. They have small ganglia developed upon them, and are derived from the renal 
plexus, which is formed by branches from the coeliac plexus, the lower and outer part of 
the coeliac ganglion and aortic plexus, and from the lesser and lowest splanchnic nerves. 
The spinal nerves which supply the kidney are derived from the tenth, eleventh, and 
twelfth thoracic segments of the medulla spinalis. The nerves communicate with the 
testicular plexus, a circumstance which may explain the occurrence of pain in the testis 
in affections of the kidney. They accompany the renal artery and its branches, and are 
distributed to the blood-vessels and to the cells of the urinary tubules. 

The lymphatics of the kidney are described on p. 772. 

Connective tissue , or intertubular stroma. — Although the tubules and vessels are closely 
packed, a small amount of connective tissue, continuous with the fibrous tunic, binds 
them firmly together and supports the blood-vessels, lymphatics, and nerves. 

Applied Anatomy. — Absence of one kidney is excessively rare ; a more frequent occur- 
ence is congenital atrophy of one kidney, where the organ is very small but usually healthy 
in structure. One or both kidneys may be misplaced as a congenital condition ; if the 
misplaced kidney is not fixed it is termed a floating kidney. Usually the misplaced organs 
are misshapen and fixed ; they may be situated higher or lower or further from the middle 
line than usual ; or they may be displaced into the iliac fossa, over the saero-iliac joint, 
on to the promontory of the sacrum, or into the pelvis between the rectum and bladder, 
or by the side of the uterus. Occasionally the two kidneys are fused together ; the union 
may be complete, resulting in a disc-shaped kidney from winch, two ureters descend ; or 
the lower ends may be connected by a thick mass of renal tissue so that the whole structure 
presents the form of a horse-shoe. Fused kidneys are usually situated in the middle line 
of the abdomen but may be misplaced. Pulsation of the abdominal aorta may be trans- 
mitted through the part of the 4 horse-shoe 3 kidney which crosses in front of the vessel. 
In the foetus the kidney has a lobulated structure (fig. 1155), and traces of this may persist 
in the adult. Sometimes the pelvis of the kidney is duplicated, and a double ureter is not 
uncommon. 

In badly nourished people or in those who have become emaciated, the perinephric fat 
is deficient and the kidney may become displaced ; this condition, which occurs more 
frequently in females than in males, on account of the greater laxity of the abdominal 
walls, is termed movable kidney. 

Injuries of the kidney are generally due to some severe crushing force, as from being 
run over by a heavy waggon or cart, or from the abdomen being compressed between the 
buffers of tw r o railway carriages. When a laceration occurs on the posterior surface of the 
organ, infiltration of blood and urine takes place into the retroperitoneal coimective 
tissue ; this is often followed by suppuration, and death may ensue from septic poisoning. 
When the laceration is in front, the peritoneum may be torn and extravasation of blood 
and urine may take place into the peritoneal cavity. Death may occur from haemorrhage 
or peritonitis. Occasionally, when rupture involves the pelvis of the kidney or^the com- 
mencement of the ureter, this duct may become blocked, and hydronephrosis follow. 
Sometimes the kidney may be bruised by blows in the loin, or by being compressed 

* For a method of investigating the course of the blood-vessels in the kidney, the reader is 
referred to an article by L. Gross, Journal of Medical Research , vol. xxxvi. 1917. 
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covered with columnar epithelium ; the patches do not, as a rule, possess villi on their 
free surfaces. They are freely supplied with blood-vessels (fig. 1121), which form an 


Fig. 1120. A vertical section through a human aggregated lymphatic nodule, 
injected through the lymphatic vessels. 



«. Villi with their lacteals. b. Intestinal glands, c. Muscularis mucosa?, d. Cupula or apex of 
solitary lymphatic nodule, e. .Medial zone ui nodule, f. Base of nodule, g. Points of exit of the 
lacteals from the villi, and entrance into the true mucous membrane, h. Retiform arrangement o! 
the lymphatic vessels in the mesial zone. L Course of the latter at the base of the nodule, k. Con- 
fluence of the lymphatic vessels in the submucous tissue. 1. Follicular tissue of the latter. 


abundant plexus around each nodule and give off fine branches permeating the lymphoid 
tissue in the interior of the nodule. The plexuses of lymphatic vessels are especially 
abundant around these patches. 


Fig. 1121. — A transverse section through 
the equatorial plane of three lymphatic 
nodules of the rabbit. 


Fig. 1122. — The myenteric plexus of 
the rabbit, x 50. 



Vessels and Nerves —The jejunum and ileum are supplied by the superior mesenteric 
artery, the jejunal and ileal branches of which, having reached the attached border of 
the bowel, run between the serous and muscular coats, with frequent inosculations, to 
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At its origin the right ureter is usually covered by the descending part of 
the duodenum ; in its course downwards it lies to the right of the inferior vena 
cava, and is crossed by the right colic and the ileocolic vessels, while near the 
superior aperture of the pelvis it passes behind the lower part of the mesenterv 
and the terminal part of the ileum. The left ureter is crossed by the left colic 
vessels, and near the superior aperture of the pelvis passes behind the sigmoid 
colon and its mesentery. 

The pelvic part runs at first downwards on the lateral wall of the pelvic 
cavity, under cover of the peritoneum, and along the anterior border of the 
greater sciatic notch. It lies in front of the hypogastric artery, and medial to 
the obturator nerve and the umbilical, obturator, inferior vesical, and middle 
haemorrhoidal arteries. Opposite the lower part of the greater sciatic foramen 
it inclines medialwards, and reaches the lateral angle of the urinary 
bladder, where it is situated in front of the upper end of the seminal vesicle 
(and at a distance of about 5 cm. from, the opposite ureter) ; here the 
ductus deferens crosses to its medial side, and the vesical veins surround 
it. Finally, the ureters run obliquely through the wall of the bladder and 
open by slit-like apertures into the 

cavity of that viscus at the lateral Pig. 1163. — A transverse section through 
angles of the trigone (fig. 1169). 

When the bladder is distended the 
openings of the ureters may be about 
5 cm. apart, but when it is empty 
and contracted the distance between 
them is diminished by one-half. 

Owing to their oblique course through 
the coats of the bladder, the upper 
and lower walls of the terminal por- 
tions of the ureters become closely 
applied to each other when the 
bladder is distended, and, acting as 
valves, prevent regurgitation of urine. 

In the female , the ureter forms, as 
it lies in relation to the wall of the 
pelvis, the posterior boundary of a 
shallow depression named the ovarian 
fossa, in which the ovary is situated. 

It runs medialwards and forwards 
beneath the broad ligament of the 
uterus to reach the lateral aspect of the cervix uteri and upper part of the 
vagina. It then lies for a short distance in front of the vagina, and finally 
pierces the wall of the bladder obliquely. In this part of its course it is 
accompanied for about 2*5 cm. by the uterine artery, which then crosses in front 
of the ureter and ascends between the two layers of the broad ligament. The 
ureter is distant about 2 cm. from the side of the cervix of the uterus.* 

The ureter is sometimes duplicated on one or both sides, and the two tubes 
may remain distinct as far as the fundus of the urinary bladder ; they rarely 
open separately into the bladder cavity. 

Structure (fig. 1163). — The ureter is composed of three coats: fibrous, muscular, and 
mucous. 

The fibrous coat is continuous at one end with the fibrous tunic of the kidney on the 
floor of the renal sinus ; while at the other it is lost in the fibrous structure of the bladder. 

* J. C. Brash {British Medical Journal, Oct. 28, 1922) says : 

4 4 The relation of the last portion of the ureter to the vagina is variable. There is usually 
a portion of the ureter in front of the vagina, lying for a short distance in the connective tissue 
between the vagina and bladder, and then in the wall of the bladder itself. 

“ With the vagina and bladder symmetrically related to each other this portion of the ureter 
is equal on the two sides ; but deviation from the symmetrical position is the rule. The result 
is an increase of this portion of the ureter on one side and a corresponding decrease on the other. 
There is frequently no ureter in front of the vagina on one side, and therefore a much longer 
portion than usual on the other side. 

44 In the majority of specimens examined, it is the left ureter that has the greatest relation 
to the vagina, and it is occasionally found crossing the middle line of the vagina. ... It must 
not be forgotten, however, that occasionally the position may be reversed.” 
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In the renal pelvis the muscular coat consists of two layers, longitudinal and circular : 
the longitudinal fibres become lost upon the sides of the papillae at the extremities of the 
calyces ; the circular fibres surround the medullary substance in the same situation. In 
the ureter proper the muscular fibres are very distinct, and are arranged in three layers : 
an external longitudinal, a middle circular, and an internal, less distinct than the other 
two, but having a general longitudinal direction. 

The mucous coat is smooth, and presents a few longitudinal folds which become effaced 
by distension. It is continuous with the mucous membrane of the bladder below, while 
it is prolonged over the papillae of the kidney above. It consists of fibrous tissue con- 
taining many elastic fibres, and covered by transitional epithelium. The continuation 
of the epithelium over the renal papillae is columnar in type. 

The arteries supplying the ureter are branches from the renal, testicular (or ovarian), 
hypogastric, and inferior vesical arteries. ■ 

The lymphatics of the ureter are described on p. 772. 

The nerves are derived from the inferior mesenteric, spermatic (or ovarian), and pelvic 
plexuses ; through these plexuses fibres are derived from the lower three thoracic and 
first lumbar segments of the medulla spinalis. Small ganglia and isolated ganglion- cells 
are found in the fibrous and muscular coats. 

Applied Anatomy . — Rupture of the ureter occasionally occurs. If it be torn completely 
across, the urine collects in the retroperitoneal tissues ; if it be not completely divided, the 
lumen of the tube may become strictured, and hydronephrosis or pyonephrosis result. 
The ureter may be accidentally wounded in some pelvic operations, such as removal of the 
uterus ; if this should happen the divided ends must be sutured together, or failing to 
accomplish this an attempt may be made to implant the upper end into the bladder. If 
this cannot he carried out the only alternative is to remove the kidney immediately. 

Stones may become impacted in any part of the ureter, but this occurs most commonly 
either at the point where the tube is crossing the pelvic brim or at where it is 
passing obliquely through the muscular wall of the bladder. In the former case, an incision 
with its centre opposite, and 2*5 cm. medial to, the anterior superior iliac spine dividing 
all the structures down to the peritoneum, enables the operator to reach the ureter by 
pushing the unopened peritoneum inwards ; the stone can then be felt in the ureter, the 
wall of which is incised, and the stone extracted, free drainage being provided for the 
escaping urine. When the stone is impacted at the vesical end of the tube a preliminary 
incision into the bladder is required, and the calculus can be removed by scratching 
through the mucous membrane overlying it. 


The Urinary Bladder (Yesica Urinaria) 

The urinary bladder (fig. 1164) is a sac which acts as a reservoir for 
the urine ; its size and position vary with the amount of fluid it contains, 
and also with the state of distension of the neighbouring viscera. “ The mean 
capacity of the living urinary bladder in the male adult is 220 c.c., varying 
from 120 c.c. to 320 c.c.’ 5 * 

When the empty bladder is firmly contracted it presents the form of a 
flattened tetrahedron. It has a fundus, a vertex, a superior and an inferior 
surface. The fundus is triangular in shape, and is directed downwards and 
backwards towards the rectum, from which it is separated by the rectovesical 
fascia, the vesiculse seminales, and the terminal portions of the ductus defereates. 
The vertex is directed forwards towards the upper part of the symphysis pubis, 
and from it the middle umbilical ligament (urachus) is continued upwards 
on the back of the abdominal wall to the umbilicus ; the peritoneum folded 
over this ligament forms the middle umbilical fold. The superior surface 
is triangular, covered by peritoneum, and is in relation with the sigmoid colon 
and some coils of the small intestine. It is bounded on either side by a lateral 
border which separates it from the inferior surface, and behind by a posterior 
border, represented by a line joining the two ureters, which intervenes between 
it and the fundus. The lateral borders run from the ureters to the vertex, and 
from these borders the peritoneum extends to the walls of the pelvis. Q» 
either side of the bladder is a peritoneal depression named the pmmmfsd 
fom (fig* 1091). The inferior surface is directed downwards, and is uncovered! 
by peritoneum. It may be divided into a posterior or prostatic area and two ' 
inferolateral surfaces. The prostatic axea, somewhat triangular, rests upon and 
is in direct continuity with the base of the prostate ; from it the urethra emerges. 
The inferolateral portions of the inferior surface are separated in front from 
the symphysis pubis by a mass of fatty tissue named the retropubic pad ; behind, 

* Ralph Thompson, Journal of Anatomy , vol. liii. 
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they are in contact with the fascia covering the Levatores ani and Obturatores 
intemi. 

When the bladder is empty it is placed entirely within the pelvis, beiow 
the level of the obliterated hypogastric arteries, and of the portions of the 
ductus deferentes which are in contact with the lateral wall of the pelvis. 

As the bladder fills, its fundus, being more or less fixed, is only slightly 
depressed ; while its superior surface gradually rises into the abdominal 
cavity, carrying with it its peritoneal covering, and at the same time rounding 
off the posterior and lateral borders. When the bladder is distended it assumes 
an ovoid form, the long diameter being directed upwards and forwards. In 
this condition it presents a posterosuperior, an antero -inferior, and two lateral 


Fig. 1164. — A median sagittal section through the male pelvis. 



surfaces, a fundus, and a summit. The posterosuperior surface is directed 
upwards" and backwards, and is covered by peritoneum ; its posterior part 
is separated from the rectum by the rectovesical excavation, while its anterior 
part is in contact with the coils of the small intestine. The antero-inferior 
surface is devoid of peritoneum, and rests against the pubic bones and the 
posterior surface of the anterior abdominal wall. The low T er parts of the lateral 
surfaces are destitute of peritoneum, and are in contact with the lateral walls 
of the pelvis. The line of peritoneal reflection from the lateral surfaces is raised 
to the level of the obliterated hypogastric arteries. The fundus undergoes little 
alteration in position, being only slightly lowered. It exhibits, however, a 
narrow triangular area, which is separated from the rectum merely by the 
rectovesical fascia. This area is bounded below by the prostate, above by 
the rectovesical fold of peritoneum, and laterally by the ductus deferentes. 
The ductus deferentes frequently come in contact with each other above the 
prostate, and when this occurs the lower part of the triangular area is obliterated. 
The line of reflection of the peritoneum from the rectum to the bladder 
undergoes little or no change when the latter is distended ; it is situated about 
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Fig. 1165. — The fundus of the urinary bladder, &c. 


10 cm. from the anus. The summit of the bladder is directed upwards and 
forwards above the point of attachment of the middle umbilical ligament, and 

hence the peritoneum, 
which follows the liga- 
ment, forms a pouch of 
varying depth between 
the summit and the 
anterior abdominal wall. 

In the new-born child 
(figs. 1166, 1167) the in- 
ternal urethral orifice is 
at the level of the upper 
border of the symphysis 
pubis ; the bladder there- 
fore lies relatively at a 
much higher level in the 
infant than in the adult. 
Its anterior surface ‘ is 
in contact with about the 
lower two-thirds of that 
part of the abdominal 
wall which lies between 
the symphysis pubis and 
the umbilicus ? (Syming- 
ton *). Its fundus is 
clothed with peritoneum 
as far as the level of 
the internal orifice of the 
urethra. Although the 
bladder of the infant is 

usually described as an abdominal organ, Symington has pointed out that only 
about one-half of it lies above the plane of the superior aperture of the pelvis. 
Disse maintains that the internal urethral orifice sinks rapidly during the first 
three years of fife, and then 



Fig. 1166. — A sagittal section through the pelvis of a 
new-born male child. 


Sacrum 


Jlecium 
Coccyx - 


Anal canal 


Bladder 

Symphysis 


more slowly until the ninth 
year, after which it remains 
stationary until puberty, 
when it again slowly de- 
scends and reaches its adult 
position. 

In the female, the blad- 
der is in relation behind 
with the uterus and the 
upper part of the vagina 
(fig. 1168). It is separated 
from the anterior surface 
of the body of the uterus 
by the vesico-uterine ex- 
cavation, but below the 
level of this excavation it 
is connected to the front 
of the cervix uteri and the 
upper part of the anterior 
wall of the vagina by areolar 
tissue. When the bladder 
is empty the uterus rests 
upon its superior surface. 

Ligaments. — Each side 
of the bladder is connected 
to the tendinous arch or 

white line of the pelvic fascia (p. 484) by what is known as the vesical layer 
of tfie pelvic fascia or lateral true ligament of the bladder. Anteriorly the same 

* The Anatomy of the Child . 
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fascia forms two thickened bands, one on either side of the middle line, which 
pass from the back of the pubic bones to the prostate gland and the front of 
the bladder; these bands 

Fig. 1167. — A sagittal section through the pelvis of a 
new-born female child. Some coils of the small 
intestine separated the uterus from the bladder. 


are named the pubopro- 
static ligaments , or anterior 
true ligaments of the 
bladder. The vertex of 
the bladder is joined to 
the umbilicus by the re- 
mains of the urachus 
which forms the middle 
umbilical ligament , a fibro- 
muscular cord, broad at 
its attachment to the 
bladder but narrowing as 
it ascends. 

From the superior sur- 
face of the bladder the 
peritoneum is carried off 
in a series of folds which 
are sometimes termed the 
false ligaments of the 
bladder. Anteriorly there 
are three folds : the 
middle umbilical fold on 
the middle umbilical liga 
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ment, and two lateral umbilical folds on the obliterated hypogastric arteries. 
The reflections of the peritoneum from the bladder to the side walls of the 


Fig. 1168. — A median sagittal section through the female pelvis. 
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pelvis form the lateral false ligaments, while the rectovesical or saerogenital 
folds (p. 1138 ) constitute the posterior false ligaments. 
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The interior of the bladder (fig. 1169). — The mucous membrane which 
lines the bladder is, over the greater part of the viscus, loosely attached to the 


Pig. 1169. — The interior of the bladder. 
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muscular coat, and appears folded when the bladder is contracted : Jjthe folds 
are effaced when the bladder is distended. Over a small triangular area, 

termed the trigonum vesicce , imme- 


Fig. 1170.- 


-A vertical section through the 
wall of the bladder. 


diately above and behind the internal 
orifice of the urethra, the mucous 
membrane is firmly bound to the 
muscular coat, and is always smooth. 
The anterior angle of the trigonum 
vesicae is formed by the internal orifice 
of the urethra : its posterolateral 
angles by the orifices of the ureters. 
Stretching between the latter openings 
is a slightly curved ridge, the toms 
uretericus , forming the base of the 
trigone and produced by an under- 
lying bundle of non-striped muscular 
fibres. The lateral parts of this ridge 
extend beyond the openings of the 
ureters; they are named the plicce 
uretericce , and are produced by the 
terminal portions of the ureters as they 
traverse obliquely the bladder-wall. 
When the bladder is illuminated the 
torus uretericus appears as a pale band, 
and forms an important guide during 
the operation of introducing a catheter 
into the ureter. 

The orifices of the ureters are placed 
at the posterolateral angles of the trigonum vesicas, and are usually slit-like in 
form. In the contracted bladder they are about 2*5 cm. apart and about the 
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same distance from the internal urethral orifice ; in the distended bladder these 
measurements, may be increased to about 5 cm. 

The internal urethral orifice is placed at the apex of the trigonum vesicas, in 
the most dependent part of the bladder, and is usually somewhat crescentic in 
form ; the mucous membrane immediately behind it exhibits a slight elevation, 
the uvula vesicce , caused by the middle lobe of the prostate. 

Structure (fig. 1170). — The bladder is composed of four coats : serous, muscular, 
submucous, and mucous. 

The serous coat is a partial one, and is derived from the peritoneum. It invests 
the superior surface and the upper parts of the lateral surfaces, and is reflected from 
these on to the abdominal and pelvic walls. 

The muscular coat consists of three layers of unstriped muscular fibres ; an external 
and an internal of longitudinal fibres, and a middle of circular fibres. 

The fibres of the external longitudinal layer arise from the posterior surface of the body 
of the os pubis in both sexes ( Musculi pubovesicales ), and in the male from the adjacent 
part of the prostate and its capsule. They pass, in a more or less longitudinal manner, 
up the inferior surface of the bladder, over its vertex, and then descend along its fundus to 
become attached to the prostate in the male, and to the front of the vagina in the female. 
Some of the longitudinal fibres are carried on to the front of the rectum, and are named 
the Musculusrectovesicalis. At the sides of the bladder the fibres are arranged obliquely 
and intersect one another. 

The fibres of the middle circular layer are very thinly and irregularly scattered on the 
body of the organ, and, although to some extent placed transverse to the long axis of 
the bladder, are for the most part arranged obliquely. Towards the lower part of the 
bladder, round the internal urethral orifice, they are disposed in a thick circular layer, 
forming the Sphincter vesica, which is continuous with the muscular fibres of the 
prostate. 

The internal longitudinal layer is thin, and its fasciculi have a reticular arrangement, 
but with a tendency to assume for the most part a longitudinal direction. 

Two bands of oblique fibres, originating behind the orifices of the ureters, converge 
to the back part of the prostate, and are inserted by means of a fibrous process into the 
middle lobe of that organ. They are the muscles of the ureters, described by Sir C. Bell, 
who supposed that during the contraction of the bladder they serve to retain the oblique 
direction of the ureters, and so prevent the reflux of the urine into them. 

The submucous coat consists of a layer of areolar tissue, connecting together the 
muscular and mucous coats, and intimately united with the latter. 

The mucous coat is thin, smooth, and^of a pale rose colour. It is continuous above 
with that of the ureters, and below with that of the urethra; the epithelium covering 
it is of the transitional variety. The loose texture of the submucous layer allows the 
mucous coat to be thrown into folds or ruga when the bladder is empty. Over the 
trigonum vesicse the mucous membrane is closely attached to the muscular coat, and is 
not thrown into folds, but is smooth and flat. There are no true^ glands in the mucous 
membrane of the bladder, though certain mucous follicles which exist, especially near the 
neck of the bladder, have been regarded as such. 

Vessels and Nerves. — The principal arteries of supply to the bladder are the superior, 
middle, and inferior vesical, derived from the anterior trunk of the hypogastric artery. 
The obturator and inferior glutasal arteries also send small branches to it, and in the 
female additional branches are derived from the uterine and vaginal arteries. 

The veins form a complicated plexus on the inferior surface and fundus near the 
prostate, and end in the hypogastric veins. 

The lymphatics are described on p. 772. 

The nerves of the bladder are (1) fine medullated fibres from the second, third, and 
fourth sacral nerves, and (2) non-medullated fibres from the hypogastric plexus. They are 
connected with ganglia in the outer and submucous coats, and are finally distributed, all 
as non-medullated fibres, to the muscular layer and epithelial lining of the viscus. 

Applied Anatomy . — A defect of development, in which the bladder is implicated, is 
known under the name of extroversion of the bladder. In this condition the lower part 
of the abdominal wall as high as the umbilicus, and the anterior wall of the bladder are 
wanting, so that the posterior wall of the bladder presents on the abdominal surface, and 
is pushed forwards by the pressure of the viscera within the abdomen, forming a red 
vascular tumour on which the openings of the ureters are visible. The penis, except the 
glans , is rudimentary and is cleft on its dorsal surface, exposing the floor of the urethra, 
a condition known as epispadias . The pelvic bones are also arrested in development 

When the bladder is distended, it may be ruptured by violence applied to the 
abdominal wall, without any injury to the bony pelvis, or it may be torn m cases of 
fracture of the pelvis. The rupture may be either intraperitoneal or extrap entoneal : 
that is, may implicate the superior surface of the bladder in the former case, or one of the 
other surfaces in the latter. Until recently intraperitoneal rupture was uniformly fatal, 
but now abdominal section and suturing the rent with Lambert's suture are resorted to, 
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with a very considerable amount of success. The sutures are inserted only through the 
peritoneal and muscular coats in such a way as to bring the serous surfaces at the margins 
of the wound into apposition. 

The muscular coat of the bladder undergoes hypertrophy in cases in which there is any 
obstruction to the flow of urine. Under these circumstances the bundles of which the 
muscular coat consists become much increased in size, and, interlacing in all directions, 
give rise to what is known as the fasciculated bladder. Between these muscular bundles 
the mucous membrane may bulge out, forming sacculi, constituting the sacculated 
bladder , and in these little pouches phosphatic concretions may coiled-, forming encysted 
calculi. 

Various forms of tumour have been found springing from the wall of the bladder. 
The commonest innocent tumour is the villous papilloma. Of the malignant tumours, 
epithelioma is the most common. In doubtful cases the cystoscope proves a -valuable aid 
in diagnosis. This instrument consists of a tube in which is fixed a small electric light, 
the wires of which run through the shaft of the instrument. Upon introducing this down 
the urethra, the bladder can be examined with the eye, and a villous growth or other 
tumour, a calculus, or an ulcer can be detected; or the orifices of the ureters can be 
examined, and renal hsematuria diagnosed, and it can be definitely settled from which 
kidney the blood comes. Again, the presence of a minute tuberculous ulceration near the 
mouth of the ureter on the affected side may establish the diagnosis, not only of tuber- 
culous kidney, but also of the side in which the disease is located. The cystoscope can 
be used to catheterise the ureter, for the purpose of obtaining a specimen of urine from 
either kidney, or to ascertain the condition of both kidneys where it is proposed to remove 
one. Ureteric bougies opaque to cc-rays can be passed and photographed. The pelvis 
of the kidney can be distended with 25 per cent, sodium bromide through the ureter and its 
shape photographed. 

Puncture of the bladder may be performed either above the symphysis pubis or 
through the rectum, in both cases without wounding the peritoneum. The former plan is 
to be preferred, since in puncture through the rectum a permanent fistula may be left 
from an abscess forming between the rectum and the bladder ; or pelvic cellulitis may be 
set up; moreover, it is exceedingly inconvenient to keep a canula in the rectum. In 
some cases in performing this operation the rectovesical excavation of the peritoneum has 
been wounded, inducing fatal peritonitis. Puncture through the rectum, therefore, 
has been almost completely abandoned in favour of the suprapubic route. 

Access to the bladder, for the purpose of removing calculi or an enlarged prostate, is 
almost always effected by the suprapubic route, the old perineal operation being rarely 
resorted to. In the female, owing to the shortness of the urethra and its ready dilatability , 
calculi and foreign bodies and new growths, when of small size, may be removed by the 
urethral route. Over- dilatation of the female urethra may cause incontinence of urine. 

Suprapubic cystotomy is performed by first injecting ten or twelve ounces of some 
weak antiseptic fluid into the bladder. Then, with or without distending the rectum, 
a vertical median incision, from 7 to 10 cm. in length, is made in the hypogastric region 
immediately above the symphysis, and extended between the Pyramidales and Recti until 
the transversalis fascia is reached. This is divided and some fatty tissue exposed (space 
of Retzius). Upon separating this, the inferior surface of the bladder will be exposed 
and will be recognised by its muscular fibres. A needle should be passed through its coat 
on either side of the spot selected for the opening, and two long pieces of silk inserted. 
The bladder is incised between these stays, which are held by an assistant and form a 
useful guide to the opening in the bladder when the fluid has escaped. 

It is important that the bladder should be emptied by catheter as a routine measure 
in women, prior to operations on the lower part of the abdomen or pelvis. Neglect of this 
precaution has, not uncommonly, led to that viscus being opened by accident. Women 
especially are apt to acquire an atonic distension of the bladder, and the fact that some 
quantity of urine has been passed immediately before the operation is no guarantee that 
the viscus is not distended. If the accident should occur, the bladder wall must be 
carefully sutured before the peritoneum is opened. 


The Male Urethra (fig. 1171) 

The male urethra, from 18 cm. to 20 cm. long, extends from the internal 
urethral orifice in the urinary bladder to the external urethral orifice at the 
end of the penis. It is divided into three portions, %>rostatic , membranous . and 
cavernous , and presents a double curve in the ordinary relaxed state of the 
penis (fig. 1164). Except during the passage of fluid along it, the urethral canal 
is a mere slit or cleft; in the prostatic portion the slit is transversely arched ; 
in the membranous portion, irregular or stellate ; in the cavernous portion, 
transverse ; while at the external orifice it is vertical. 

The prostatic portion, the widest and most dilatable part of the urethra, is 
about 3 cm. long, and runs almost vertically through the prostate from its base 
to its apex ; it lies nearer the anterior than the posterior surface of the prostate. 
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It is wider in the middle than at either end, and narrowest below, where it joins 
the membranous portion ; in transverse section it is horseshoe-shaped with the 
convexity directed forwards. 

Fig. 1171. — The male urethra laid open on its 
anterior (upper) surface. 
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Upon the posterior wall or 
floor is a narrow longitudinal 
ridge, the urethral crest (veru- 
montanum) formed by an eleva- 
tion of the mucous membrane 
and its subjacent tissue. It is 
about 15 mm. long, and about 
3 mm. high. On either side of 
the crest is a shallow depression, 
the prostatic sinus , the floor of 
which is perforated by the ori- 
fices of the prostatic ducts from 
the lateral lobes of the prostate ; 
the ducts of the middle lobe 
open proximal to the crest. At 
the fore part of the urethral 
crest is an elevation, the colli- 
culus seminalis , on which are 
the orifice of the prostatic utricle 
and the openings of the ejacula- 
tory ducts. The prostatic utricle 
(uterus masculinus) is a cul-de- 
sac about 6 mm. long, which 
runs upwards and backwards in 
the substance of the prostate 
behind the middle lobe. Its 
walls are composed of fibrous 
tissue, muscular fibres, and 
mucous membrane ; and numer- 
ous small glands open into the 
lumen of the tube. It is 
developed from the united 
lower ends of the Mullerian 
ducts, and is therefore homo- 
logous with the uterus and 
vagina of the female. The 
ejaculatory ducts are described 
on p. 1218. 

The membranous portion 
is the shortest, least dilatable, 

and, with the exception of the external orifice, the narrowest part of the urethra. 
It runs downwards and forwards, with a slight anterior concavity , from the 
prostate to the bulb of the urethra, perforating the urogenital diaphragm about 
2*5 cm. below and behind the pubic symphysis. The hinder part of the 
urethral bulb lies in apposition with the inferior fascia of the urogenital 
diaphragm, hut its upper portion diverges somewhat from this fascia ; the 
anterior wall of the membranous urethra is thus prolonged for a short 
distance in front of the urogenital diaphragm, and measures about 2 cm. in 
length, while the posterior wall which is between the two fascia* of the dia- 
phragm is only 1*25 cm. long. 

The membranous portion of the urethra is surrounded by the fibres of the 
Sphincter urethrae membranacese. In front of it the deep dorsal vein of 
the penis enters the pelvis between the transverse ligament of the pelvis and 
the arcuate pubic ligament ; on either side near its termination are the bulbo- 
urethral glands. 

The cavernous portion is contained in the corpus eavemosum urethrae. 
It is about 15 cm. long, and extends from the end of the membranous portion 
to the external urethral orifice. Commencing below the inferior fascia of 
the urogenital diaphragm it passes forwards and upwards to the front of 
the lower part of the svmphysis pubis ; and then, in the flaccid condition 
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of the penis, it bends downwards and forwards. It is narrow, with a uniform 
diameter of about 6 mm. in the body of the penis ; it is dilated behind, 
within the bulb, and again anteriorly within the glans penis, where it forms 
the fossa navicular is uretlirce. The bul bo -urethral glands open into the cavernous 
portion of the urethra about 2*5 cm. in front of the urogenital diaphragm. 

The external urethral orifice is the most contracted part of the urethra : it 
is a vertical slit, about 6 mm. long, bounded on either side by a small 
labium. 

The lining membrane of the urethra except in the most anterior part of the 
tube, presents the orifices of numerous small mucous glands and follicles situated 
in the submucous tissue, and named the urethral glands (Littre.). Besides 
these there are a number of small pit-like recesses, or lacunas , of varying sizes ; 
the orifices of these are directed forwards, and may intercept the point of a 
catheter in its passage along the canal. One lacuna, larger than the rest, is 
situated on the upper surface of the fossa navicularis ; it is called the lacuna 
magna. 

Structure. — The urethra is composed of mucous membrane, supported by a submucous 
tissue which connects it with the various structures through which it passes. 

The mucous membrane of the urethra is continuous internally with that of the bladder, 
and externally with the skin covering the glans penis ; it is prolonged into the ducts of the 
urethral, bulbo -urethral, and prostatic glands ; and into the ductus deferentes and vesiculse 
seminales, through the ejaculatory ducts. In the cavernous and membranous portions of 
the urethra it is arranged in longitudinal folds when the tube is empty. Small papillae are 
found upon it, near the external urethral orifice ; its epithelial lining is of the columnar 
variety except near the external urethral orifice, where it is squamous and stratified. 

The submucous tissue consists of a vascular erectile layer ; outside this is a layer of 
unstriped muscular fibres, arranged in a circular direction, which separates the mucous 
membrane and submucous tissue from the tissue of the corpus cavernosum urethrse. 

The lymphatic vessels of the urethra are described on p. 773. 

Applied Anatomy. — The urethra may be ruptured by the patient falling astride of 
any hard substance and striking his perinseum, so that the urethra is crushed against the 
pubic arch. Bleeding will at once take place from the urethra, and this, together with 
the bruising in the perinseum and the history of the accident, will point to the nature of 
the injury. Rupture of the urethra is due in other cases to the perforation of a periurethral 
abscess. Extravasation of urine most frequently takes place into the perinseum in front 
of the inferior fascia of the urogenital diaphragm, i.e., under the fascia of Colles. Both 
these layers of fascia are attached firmly to the ischiopubic rami. It is clear, therefore, 
that when extravasation of fluid takes place between them, it cannot pass backwards, 
because the two layers are continuous with each other around the Transversi perinsei 
superficial es ; it cannot extend laterally, on account of the connexion of these layers with 
the rami of the os pubis and ischium ; it cannot find its way into the pelvis, because the 
opening into this cavity is closed by the urogenital diaphragm, and, therefore, so long as 
these two layers remain intact, the only direction in which the fluid can make its way is 
forwards into the areolar tissue of the scrotum and penis, and thence on to the anterior 
wall of the abdomen. When the pelvis is crushed the urethra may be ruptured behind the 
urogenital diaphragm ; the extravasation of urine then takes place into the extra-peritoneal 
tissue of the pelvis. 

Gonorrhoea is an acute and very prevalent inflammatory infection of the mucous 
membrane of the urethra. The causative organisms (gonococci) nass through the mucous 
membrane into the submucous tissue, and most serious ccir. puc; itior.s and results may 
follow. In most cases the disease remains limited to the pan oi :.he urethra in front 
of the urogenital diaphragm, but in some (about 10 per cent.) the ‘ posterior urethra ’ 
becomes involved in the process, leading to an inflammation of the cpjuings o: the pros- 
tatic follicles. Such a condition is apt to continue as a very chronic :orm c prostatitis, 
and in many cases the infection will spread along the ductus deferentes, giving rise to 
epididymitis. 

The anatomy of the urethra is of considerable importance in connexion with the 
passage of instruments into the bladder. Otis was the first to point out that the urethra 
is capable of great dilatation, so that, excepting through the external urethral orifice, an 
instrument corresponding to 18 English gauge (29 French) can usually be passed without 
damage. The external orifice of the urethra is not so dilatable, and therefore may 
require slitting. A recognition of this dilatability caused Bigelow to modify very con- 
siderably the operation for crushing a stone in the bladder. In passing catheters, 
especially fine ones, the point of the instrument should be kept as far as possible along the 
upper wall of the canal, as otherwise it is very liable to enter one of the lacunas. 

Stricture of the urethra is a disease of very common occurrence, and is generally 
situated in the cavernous part of the urethra, just in front of the membranous portion 
but in a very considerable number of cases in the antescrotal part of the canal. The 
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stricture usually results from the contraction of inflammatory products in the submucous 
tissue, the result, in the vast majority of all cases, of a prolonged sleet following gonor- 
rhoea. t Urethral stricture, however, follows rupture of that tube resulting from falls on 
the perinasum, and in this variety is very dense, and is a most unsatisfactory condition 
with regard to treatment. Congenital stricture is also occasion nlW met with, and in such 
cases multiple strictures may be present throughout the who I- l-.-ivj:]'. of the cavernous 
portion. 

Congenital defects of the urethra occur occasionally. The one most frequently met 
with is where there is a cleft on the floor of the urethra owing to an arrest of union in 
the middle line. This is known as hypospadias , and the cleft may vary in extent. The 
simplest and by far the most common form is where the deficiency is confined to the glans 
penis. The urethra ends at the point where the extremity of the prepuce joins the body 
of the penis, m a small valve-like opening. The prepuce is also cleft on its under surface 
and forms a sort of hood over the glans. There is a depression on the glans in the position 
of the normal meatus. This condition produces no disability and ronaire? r. r treatment. 
In more severe cases the cavernous portion of the urethra is ci- f* throughout its entire 
length, and the opening of the urethra is at the point of junction of the penis and scrotum. 
The under surface of the penis in the middle iim- presents a furrow lined by a moist 
mucous membrane, on either side of which is often more or less dense fibrous tissue 
stretching f’*om the glans to the opening of the urethra, which prevents complete erection 
paking o:acc. Gma; discomfov.: is induced during micturition, and sexual connexion is 
impossible. The condition may be remedied by a series of plastic operations. The worst 
form of this condition is where the urethra is deficient as far back as the perineum, and 
the scrotum is cleft. The penis is small and bound down between the two halves of the 
scrotum, so as to resemble a hypertrophied clitoris. The testes are often retained in the 
abdomen. The condition of parts, therefore, very much resembles the external organs 
of generation of the female, and many children the victims of this malformation have 
been brought up as girls. The halves of the scrotum, deficient of testes, resemble the 
labia, the cleft between them looks like the orifice of the vagina, and the diminutive penis 
is taken for an enlarged clitoris. There is no remedy for this condition. 

A much more uncommon form of malformation is where there is an apparent deficiency 
of the upper wall of the urethra; this is named epispadias. The deficiency may vary in 
extent ; when it is complete the condition is associated with extroversion of the bladder 
(p. 1207). In less extensive cases, where there is no extroversion, there is an infundi- 
buliform opening into the bladder. The penis is usually dwarfed and turned upwards, so 
that the glans lies over the opening. 


The Female Urethra (fig. 1168) 

The female urethra is about 4 cm. long and 6 mm. in diameter. It begins 
at the internal urethral orifice of the bladder, and runs downwards and forwards 
be hin d the symphysis pubis, imbedded in the anterior wall of the vagina. 
It perforates the urogenital diaphragm and ends at the external urethral 
orifice, an anteroposterior slit with rather prominent margins, which is 
situated directly in front of the opening of the vagina and about 2*5 cm. behind 
the glans clitoridis. Except during the passage of fluid the anterior and 
posterior walls of the urethra are in apposition, and the lining membrane 
is thrown into longitudinal folds, one of which, placed on the posterior wall 
of the canal, is termed the urethral crest. Many small urethral glands and 
minute pit-like recesses or lacunae open into the urethra. Near the lower end 
of the urethra are some small glands which are considered to be the homologues 
of the prostatic glands of the male ; on either side they are grouped together 
to open into a duct, named the ductus paraurethralis (Skene’s duct), which runs 
down in the submucous tissue, and ends in a small aperture on the lateral margin 
of the external urethral orifice. 

Structure. — The urethra consists of three coats : muscular, erectile, and mucous. 

The muscular coat is continuous with that of the bladder ; it extends the whole length 
of the tube, and consists of circular fibres. In addition to this, between the superior and 
inferior fasciae of the urogenital diaphragm, the female urethra is surrounded by the 
Sphincter urethras membranacese, as in the male. 

A thin layer of spongy erectile tissue, containing a plexus of large veins, intermixed 
with bundles of unstriped muscular fibres, lies immediately beneath the mucous coat. 

The mucous coat is pale; it is continuous externally with that of the vulva, and 
internally with that of the bladder. It is lined by stratified squamous epithelium, which 
becomes transitional near the bladder. Its external orifice is surrounded by a few mucous 
follicles. 
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THE MALE GENITAL OBGANS 


Tail of 
epididymis 


Cremasteric fascia 


Tun iea vaginalis 
Appendix of 
epididymis 
Bead, of 
epididymis 


.Appendix of testis 


The male genital organs include the testes and epididymes, the ductus 
deferentes , the vesiculce seminales , the ejaculatory ducts , and the penis , together 
with the following accessory structures, viz. the prostate and the bulbo-urethral 
glands. 

The Testes 

The testes, the reproductive glands in the male, are suspended in the 
scrotum by the spermatic cords, the left testis hanging somewhat low’er than 
its fellow. The average dimensions of the testis are from 4 cm. to 5 cm. in 
length, 2*5 cm. in breadth, and 3 cm. in the anteroposterior diameter ; its 

weight varies from 10*5 

Fig. 1172. — The right testis. Exposed by laying open the § m * ^9 ^ § m * ® ac -k 
tunica vaginalis. testis is of an oval form 

(fig. 1172), compressed 
laterally, and has an 
oblique position in the 
scrotum ; the upper ex- 
tremity is directed for- 
wards and a little 
lateralwards ; the lower, 
backwards and a little 
medialwards. The an- 
terior border is convex, 
and looks forwards and 
downwards ; the pos- 
terior border, nearly 
straight, looks back- 
wards and upwards ; to 
it the spermatic cord is 
attached. 

The anterior border, 
the medial and lateral 
surfaces, and the ex- 
tremities of the testis, 
are convex, free, smooth, 

and invested by the visceral lamina of the tunica vaginalis (p. 1213). The 
posterior border receives only a partial investment from that membrane. 
Lying upon the lateral part of the posterior border is the epididymis. 

The epididymis consists essentially of a tortuous canal which forms the 
first part of the efferent duct of the testis. This canal is folded on itself and 
tightly packed into the form of a long, narrow, flattened body attached to 
thoiaterah part of the .posterior border of the testis. It consists of a central 
portion, or body ; an upper enlarged end, the head (globus major) ; and 
a lower pointed end, the tail (globus minor). The head is intimately ! 
connected with the upper end of the testis by means of the efferent ductules 
of the gland ; the tail is connected with the lower end by cellular tissue and 
a reflection of the tunica vaginalis. The lateral surfaces of the head and tail 
of the epididymis are free and covered by the tunica vaginalis ; the body 
is also invested by it, except at its posterior border ; whilst between the body 
of the epididymis and the lateral surface of the testis is a pouch, named the 
sinus of the epididymis (digital fossa). 

The appendages of the testis and epididymis . — On the upper extremity of the 
testis, just beneath the head of the epididymis, is a minute oval, sessile body, 
the appendix of the testis (hydatid of Morgagni) ; it is the remnant of the upper 
end of the Mullerian duct. On the head of the epididymis is a small stalked 
appendage (sometimes duplicated) ; it is named the appendix of the epididymis 
(pedunculated hydatid), and is usually considered to be a detached efferent duct. 

The testis is invested by three tunics : the tunica vaginalis, tunica 
albuginea, and tunica vasculosa. 
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The tunica vaginalis is the lower portion of the saccus vaginalis of the 
peritoneum which, in the foetus, preceded the descent of the testis from 
the abdomen into the scrotum. After the testis has reached the scrotum the 
upper part of the saccus vaginalis, viz. from the abdominal inguinal ring to 
within a short distance of the testis, contracts and undergoes obliteration. 
The lower portion remains as a shut sac, which invests the surface of the testis, 
and is reflected on to the internal surface of the scrotum ; hence it may be 
described as consisting of a visceral and a parietal lamina. 

The visceral lamina covers the greater part of the testis and epididymis. 
It lines the sinus of the epididymis and passes as two folds, one from the head 
and the other from the tail of the epididymis, to the testis ; these folds are 
named the superior and inferior ligaments of the epididymis. From the posterior 
border of the testis it is reflected on to the internal surface of the scrotum. 

The parietal lamina is more extensive than the visceral ; it reaches below 
the testis and extends upwards for some distance in front and on the medial 
side of the spermatic cord. The inner surface of the tunica vaginalis is smooth, 
and covered by a layer of endothelial cells. The potential space between the 
visceral and parietal laminae constitutes the cavity of the tunica vaginalis. 

The obliterated portion of the saccus vaginalis may frequently be seen as 
a fibrous thread in the areolar tissue in front of the spermatic cord ; sometimes 
this thread may be traced from the upper end of the inguinal canal, where 
it is co nn ected with the peritoneum, down to the tunica vaginalis ; sometimes 
it is lost on the spermatic cord. In some instances the upper part of the 
saccus vaginalis is not obliterated, and the peritoneal cavity then communicates 
with the tunica vaginalis; in others the upper part of the saccus vaginalis 
may persist as a minute canal leading 
from the peritoneal cavity to that of the 
tunica vaginalis. 

The tunica albuginea forms a fibrous 
covering for the testis. It is a dense 
membrane, of a bluish- white colour, com- 
posed of interlacing bundles of white 
fibrous tissue. It is covered by the 
visceral lamina of the tunica vaginalis, 
except at the head and tail of the epi- 
didymis, and along the posterior border 
of the testis, where the testicular vessels 
and nerves enter the gland. It is applied 
to the tunica vasculosa, and, at the 
posterior border of the testis, is projected 
into the interior of the gland, forming an 
incomplete vertical septum, called the 
mediastinum testis (corpus Highmori). 

The mediastinum testis extends from 
the upper to near the lower end of the 
gland, and is wider above than below. 

From its front and sides are given off 
numerous imperfect septa {septula testis) 
which radiate towards the surface of the 
testis, and are attached to the deep aspect 
of the tunica albuginea. They incompletely 
divide the testis into a number of cone- 
shaped lobules ilobuli testis). The bases of . 

the lobules are at the surface of the testis, and their apices converge to the 
mediastinum. The mediastinum supports the vessels and ducts of the testis m 
their passage to and from the substance of the gland. ^ » 

The tunica vasculosa is the vascular layer of the testis, consisting ox 
of blood-vessels held together by delicate areolar tissue. It lines 


Fig. 1173. — A vertical section through 
the testis, to show the arrangement 
of the duets. Diagrammatic. 
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the^mica^albuginea'and clothes “the septula testis, and therefore forms an 
investment to all the lobules of the testis. 

Structure.— The glandular structure of the testis consists of the Iobuli testis (fig. 1173). 
Their number, in a single testis, is estimated by Berres at 250, and by Krause at 400. 
They differ in size according to their position, those in the middle of the testis being larger 



1214 


SPLANCHNOLOGY 


and longer. Each lobule consists of from one to three, or more, minute convoluted tubes, 
the tiibuli seminiferi contorti. When the tubules have been unravelled by careful dissection 
under water, they are seen to commence either by free ceecal ends or by anastomotic loops. 
They are supported by loose connective tissue which contains here and there groups of 
interstitial cells (fig. 1174) containing yellow pigment granules. The total number of 
tubules is estimated by Lauth at S40, and the average length of each is 70 cm. to 80 cm. 
Their diameter varies from 0T2 mm. to 0*3 mm. The tubules are pale in colour in early 
life, but in old age they acquire a deep yellow tinge from containing much fatty matter. 
Each tubule (fig. 1174) consists of a basement-layer formed of laminated connective tissue 
containing numerous elastic fibres, with flattened cells between the layers, and covered 
externally by a layer of flattened epithelioid cells. Within the basement-membrane are 
epithelial cells arranged in three irregular layers. 1. An outer layer of cubical cells, with 
small nuclei ; some of these enlarge to become spermatogonia. The nuclei of some of the 
spermatogonia may be seen to be in process of indirect division (p. 2), and in consequence 
of this, daughter cells are formed which constitute the second zone. 2. Larger polyhedral 


Fig. 1174. — A transverse section through a part of a human testis. Stained 
with haematoxvlin and eosin. x 350. 
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cells, with clear nuclei, arranged in two or three layers ; these are the intermediate cells or 
spermatocytes. Most of these cells are in a condition of indirect division, and the cells 
which result from this division form those of the next layer. 3. The third layer of cells 
consists of the spermatids , each of which becomes a spermatozoon. The spermatids are 
small polyhedral cells, the nucleus of each containing half the usual number of chromo- 
somes. The changes which occur during the conversion of the spermatids into spermatozoa 
are described and illustrated on p. 45. In addition to these three layers of cells others, 
termed the supporting cells, or cells of Sertoli , are seen. They are elongated and columnar, 
and project inwards from the basement-membrane towards the lumen of the tube. As 
development of the spermatozoa proceeds, the latter group themselves upon the inner 
extremities of the supporting cells. Ultimately the spermatozoa are liberated and set free. 
The structure of the spermatozoa is described on pp. 43, 44. 

In the apices of the lobules, the tubules become less convoluted, assume a nearly straight 
course, and unite at acute angles to form from twenty to thirty larger straight ducts, of 
about 0*5 nun, in diameter, called tubuli seminiferi recti (fig. 1173). 

The t-ubuli seminiferi recti enter the fibrous tissue of the mediastinum, and pass upwards 
and backwards, forming, in their ascent, a close network of anastomosing tubes which 
are merely channels in the fibrous stroma, lined by flattened epithelium, and having no 
proper walls ; this network is named the rete testis . At the upper end of the mediastinum, 
the vessels of the rete testis terminate in from twelve to twenty ducts, the ductuli ejferentes 
testis ; they perforate the tunica albuginea, and carry the seminal fluid from the testis 
to the epididymis. Their course is at first straight; they then become enlarged and 
exceedingly convoluted, and form a series of conical masses, the lobules of the epididymis 
(coni vasculosi), which together constitute the head of the epididymis. Each lobule 
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consists of a single convoluted duct, from 15 cm. to 20 cm. in length. Opposite the bases 
of the lobules the canals open into a single duct, which constitutes, by its complex con- 
volutions, the body and tail of the epididym is. When the convolutions are unravelled, 
this tube measures upwards of 6 metres in length ; it increases in diameter and thickness 
as it approaches the tail of the epididymis where it becomes the ductus deferens. The 
convolutions are held together by fine areolar tissue, and by bands of fibrous tissue. 

The ductuli efferent es and. the tube of the epididymis have walls of considerable thick- 
ness, on account of the presence in them of muscular tissue which is principally arranged 
in a circular manner. These tubes are lined by columnar ciliated epithelium (fig. 1175). 

Vessels and Nerves. — The testicular artery is a branch of the abdominal aorta. It 
divides into several branches, some of which ramify in the tunica vaseulosa, while others 
traverse the mediastinum testis and, after dividing on the septula testis, supply the tubuli 
seminiferi. Twigs are also given to the epididymis, and anastomose with the artery of the 
ductus deferens. The veins emerge from the back of the testis and, after receiving tribu- 
taries from the epididymis, unite to form the pampiniform plexus (p. 741). 


Fig. 1175. — A transverse section through the tube of the human epididymis. 
Stained with hsematoxylin and eosin. x 350. 



The lymphatic vessels of the testis end in the lateral and pre-aortie lymph-glands (p. 773). 

The nerves accompany the testicular vessels, and are derived from the renal and aortic 
plexuses, and from the tenth thoracic nerve. 

Applied Anatomy .— The descent of the testis may be arrested. _ It mat be retained in 
the abdomen; or it may be arrested at the abdominal inguinal ring, or m the inguma 
canal; or it may just pass out of the subcutaneous mgumal ring without finding its way 
to the bottom of the scrotum. When retained in the abdomen it gives rise to nc ' Signs or 
symptoms, other than the absence of the testis from the scrotum. When it is retained m 
the inguinal canal it is subjected to pressure and may become inflamed and painful, i fie 
retained testis is probably sexually useless ; so that a man m whom both testes are 
retained ( anorchism ) is sterile, though he may not be impotent. . Th f a ksence of one 
testis is termed monorchism . When a testis is retained in the mgumal canal it is often 
complicated with a congenital hernia, the saccus vaginalis of the peritoneum not being 
obliterated. The testis may descend through the mgumal canal, but may miss the 
scrotum and assume some abnormal position. The most common form is where it comes 
to rest in the perineum. This is known as pennceal ectopia testis. W hen the testis 
occupies an abnormal position it is very common to find concurrently a congenital hernia 

The testis may be inverted within the scrotum so that its posterior or attached border 
is directed forwards and the tunica vaginalis is situated behind. Should a hydrocele 
occur, and tapping be resorted to, the trocar may be thrust into the testis, if care be not 
taken beforehand to ascertain the position of the gland. . 

A number of instances of torsion of the spermatic cord, resulting in acute strangu- 
lation of the testis, have been recorded. In some it has been attributed to a strain or 
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twist, and in several patients the condition has been associated with a late descent of the 
organ. Symptoms of this condition closely simulate those of a strangulated hernia. In 
consequence of the torsion the circulation is partly arrested and the organ swells and 
becomes acutely painful, and the condition may be accompanied with shock and vomiting. 
Gangrene of the testis, however, rarely follows, and the condition if left without operation, 
ends in atrophy of the organ. Torsion of the body of the testis also sometimes occurs 
within the tunica vaginalis in those cases in which a persistent mesorchium is 
present. 

Fluid collections of a serous character are frequently found in the scrotum. To these 
the term hydrocele is applied. The most common form is the ordinary vaginal hydrocele, 
in which U:e fluid is contained in the sac of the tunica vaginalis. In another form, the 
congenital hydrocele , the fluid is in the sac of the tunica vaginalis, but this sac communi- 
cates with the general peritoneal cavity owing to the non-obliteration of the upper part of 
the saccus vaginalis. A third variety, known as an infantile hydrocele , occurs in those 
cases where the saccus vaginalis is obliterated only at or near the abdominal inguinal 
ring. It resembles the vaginal hydrocele, except as regards its shape, the collection of 
fluid extending up the cord into the inguinal canal. Fourthly, the saccus vaginalis may 
be obliterated both at the abdominal, inguinal ring and above the epididymis, leaving 
a central unobliterated portion, w!:k::! may become distended with fluid, giving rise to a 
condition known as the encysted hydrocele of ike cord . 

Encysted hydrocele of the epididymis or spermatocele is the name given to a cyst found 
in connexion with the head of the epididymis. Among its contents are found a varying 
number of spermatozoa, and it is probably a retention cyst of one of the tubules. 

The testis requires removal for malignant or tuberculous disease, in cases of large 
hernia testis , and in some instances of incompletely descended or misplaced testis. 
Castration is in most cases best carried out by the ‘ high ’ operation, an incision being 
made through the skin and fascia in the region of the subcutaneous inguinal ring. The 
testis, with its deeper coverings, is pushed up into the wound and separated from the 
scrotal tissues. The cord is then isolated, and an aneurysm needle, armed with a liga- 
ture, passed through it, as high as is thought necessary, and the cord tied and divided. 
In cases of malignant and tuberculous disease, it is desirable to open the inguinal canal 
and tie the cord as near the abdominal ring as possible. When removing the testis in this 
manner the tunica vaginalis is not opened and its folds of reflection to the scrotal tissues 
do not need division. The whole of the tunica vaginalis is thus removed with the cord 
and its coverings. 


The Ductus Deferens 

The ductus deferens (vas deferens) is the continuation of the canal of 
the epididymis. Commencing at the lower part of the tail of the epididymis, 
it is at first very tortuous, but gradually becoming less twisted it ascends 
along the posterior border of the testis and medial side of the epididymis, and 
then runs upwards in the posterior part of the spermatic cord, and traverses 
the inguinal canal to the abdominal inguinal ring. Here it separates from 
the other structures of the spermatic cord, ourves xound the lateral .side of the 
inferior epigastric artery, and ascends for about 2*5 cm. in front of the external 
iliac artery. It is next directed backwards and slightly downwards, and, 
crossing the external iliac vessels obliquely, enters the pelvic cavity, where it 
is continued backwards between the peritoneal membrane and the lateral 
. wall of the pelvis, and on the medial side of the obliterated umbilical artery, the 
obturator nerve and vessels, and the vesical vessels ( fig. 1163) . It then crosses in 
front of the ureter (fig. 1175), and, reaching the medial side of this tube, bends 
at an acute angle, and runs medialwards and slightly forwards between the 
fundus of the bladder and the upper end of the seminal vesicle. Beaching 
the medial side of the seminal vesicle, it is directed downwards and medialwards 
in contact with it, and gradually approaches the opposite ductus. Here it lies 
between the fundus of the bladd er and the rectum, where it is enclosed, together 
with the seminal vesicle, in a sheath derive?* from what is known as the recto- 
vesical portion of the pelvic fascia. Lastly, it passes downwards to the base, of 
the*4>mstate, and is joined at an acute angle by the duct of the seminal vesicle 
to form the ejaculatory duct, which traverses the prostate behind its middle 
lobe and opens into the prostatic portion of the urethra, close to the orifice 
of the prostatic utricle. Owing to the thickness of its wall, the ductus deferens 
feels hard and cord-like when grasped by the finger and thumb. Its canal in 
the greater part of its extent is of extremely small calibre, but at the fundus 
of the bladder it becomes dilated and tortuous, and this portion is termed 
the ampulla ; its terminal portion, which joins the duct of the seminal vesicle, 
is again greatly diminished in calibre. 
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Dactwh aberrantes ,— A long narrow tube, the ductulus ah err an s inferior (vas aberrans 
of Haller) , is frequently found connected with the lower part of the canal of the epidi- 
dymis, or with the commencement of the ductus deferens. Its length, when it is uncoiled 
vanes from 5 cm. to 35 cm and it may be dilated towards its blind extremity, or may be 
of uniform diameter throughout. Its structure is similar to that of the ductus deferens. 
Occasionally it is found unconnected with the epididymis. A second tube, the ductulus 
aberrans superior , occurs in the head of the epididymis, and is connected with the re to 
testis. 

Paradidymis (organ of Giraldes). — This term is applied to a small collection of con- 
voluted tubules, situated in front of the lower part of the spermatic cord above the head 
of the epididymis. These tubes are lined with columnar ci: hired epithelium, and probably 
represent the remains of a part of the Wolffian body. 

Structure. -^The ductus deferens consists of three coats: (1) an external or areolar 
coat ; ^ (2) a muscular coat, which in the greater part of the tube consists of two layers of 
unstriped muscular fibres: an outer, longitudinal in direction, and an inner, circular; 
but at the commencement of the ductus there is a third layer, consisting of longitudinal 
fibres, and placed between the circular stratum and the' mucous membrane; (3) an 
internal, or mucous coat, which i? pale, and arranged in longitudinal folds. The mucous 
coat is lined by columnar epithelium which is non-eiliated throughout the greater part of 
the tube; a variable portion of the testicular end of the tube is lined by" two strata of 
columnar cells, those of the superficial layer being ciliated. 


The VESiciJLiE Seminales and Ejaculatory Ducts 

The vesiculae seminales (fig. 1176) are two sacculated pouches, placed 
between the fundus of the bladder and the rectum. Each vesicle is about 
5 cm. long, and is some- 

what pyramidal in form, Fig. 1176.— The fundus of tile bladder with the vesicate 
the broad end being directed seminales. &c. 

backwards, upwards, and 
lateralwards. It consists 
of a tube, coiled upon it- 
self, and giving off several 
irregular diverticula (fig. 

1177) ; the separate coils, 
as well as the diverticula, 
are connected together by 
fibrous tissue. When un- 
coiled, the tube is about 
the diameter of a quill, and 
varies in length from 10 
cm. to 15 cm. ; it ends above 
in a cul-de-sac ; its lower ex- 
tremity becomes constricted 
into a narrow straight duct, 
which joins with the cor- 
responding ductus deferens 
to form the ejaculatory 
duct. The anterior surface 
is in contact with the 
fundus of the bladder, ex- 
tending from near the ter- 
mination of the ureter to 
the base of the prostate. 

The posterior surface rests upon the rectum, from which it is separated by 
the rectovesical fascia. The vesicles diverge from each other above, and are in 
relation with the ductus deferentes and the terminations of the ureters, and are 
partly covered by peritoneum ,* each is enveloped in a dense fibromuscular sheath. 
Along the medial margin of each vesicle runs the ampulla of the ductus deferens. 

Structure.— The vesiculae seminales are composed of three coats ; an external or 
areolar coat ; a middle or muscular coat y thinner than that of the ductus deferens and 
arranged in two layers, an outer longitudinal and an inner circular; an internal or 
mucous coat , which is pale, of a whitish-brown colour, and presents a delicate reticular 
structure. The epithelium is columnar, and in the diverticula goblet-cells are present, 
the secretion of which is added to the seminal fluid. 

2q 
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Vessels and Nerves.— The arteries supplying the vesiculae seminales are derived from 
the middle and inferior vesical, and the middle hsemorrhoidal arteries. The veins and 
lymphatics accompany the arteries. The nerves are derived from the pelvic plexuses. 

Applied Anatomy . — The vesiculae seminales are often the seat of an extension of the 
disease in cases of tuberculosis of the testis, and should always be examined from the 
rectum, before deciding to perform castration in this affection. They also become affected 
in chronic posterior urethritis of gonorrhoeal origin. An abscess of the vesicula seminalis 
may rupture into the peritoneal cavity and cause fatal peritonitis. 


The ejaculatory ducts (fig. 1177) are two in number, one on either side of 
the middle line. Each is formed by the union of the duct of the vesicula 
seminalis with the terminal part of the ductus deferens, and is nearly 2 cm. long. 

They commence at the base 

Fig. 1177 . — The vesiculae seminales and the ampullae prostate, run forwards 

of the ductus deferentes. Anterior aspect. The ai ^ downwards between the 
anterior walls of the left ampulla, left seminal middle and lateral lobes, pass 
vesicle, and prostatic urethra have been cut away. along the sides of the prostatic 

utricle, and end on the colli- 



culus seminalis in slit-like 
orifices on, or just within, 
the margins of the opening of 
the prostatic utricle (p. 1209). 
The ducts diminish* in size, 
and also converge, towards 
their terminations. 

Structure. — The coats of the 
ejaculatory ducts are extremely 
thin. They are : an outer fibrous 
layer , which is almost entirely 
Jost after the entrance of the 
ducts into the prostate; a layer 
of muscular fibres , consisting of 
a thin outer circular, and an 
inner longitudinal layer; and 
mucous membrane. 


The Spermatic Cord and its Coverings 

When the testis descends through the abdominal wall into the scrotum, it 
drags its vessels and nerves and the ductus deferens with it. These structures 
meet at the abdominal inguinal ring and together form the spermatic cord 
( funiculus spermaticus) which suspends the testis in the scrotum, and extends 
from the abdominal inguinal ring to the posterior border of the testis ; the left 
spermatic cord is a little longer than the right. 

The spermatic cord traverses the inguinal canal (p. 481) and in so doing is 
covered by the different layers which form the abdominal wall. These coverings 
extend downwards into' the wall of the scrotum and are named, from within 
outwards, the infundibuliform, cremasteric and intercrural fascise. 

The infundibuliform fascia is a thin layer which loosely invests the cord, and 
is derived from the transversalis fascia (p. 480). 

The cremasteric fascia ' consists of a number of muscular fasciculi, united 
to one another by areolar tissue ; the muscular fasciculi constitute the Cremaster 
and are continuous with the Obliquus internus abdominis (p. 475). 

The intercrural fascia (external spermatic fascia) is a thin fibrous mem- 
brane continuous above with the tendon of the Obliquus externus abdominis, 
and prolonged downwards from the crura of the subcutaneous inguinal 
ring (p. 472). 

Structure of the spermatic cord. — The spermatic cord is composed of arteries, veins, 
lymphatics, nerves, and the ductus deferens, connected together by areolar tissue. 

The arteries of the spermatic cord are : the testicular artery, the external spermatic 
artery, and the artery of the ductus deferens. 

.The testicular artery , a branch of the abdominal aorta, escapes from the abdominaJ 
cavity at the abdominal inguinal ring, and accompanies the other constituents of the 
spermatic cord along the inguinal canal and through the subcutaneous inguinal ring into 
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the scrotum. It then descends to the testis, and, becoming tortuous, divides into several 
branches, two or three of which accompany the ductus deferens and supply the epi- 
didymis, anastomosing with the artery of the ductus deferens; the others supply the 
substance of tfye testis. 

The external spermatic artery (cremasteric artery) is a branch of the inferior epigastric 
artery. It supplies the coverings of the spermatic cord, and anastomoses with the 
testicular artery. 

The artery of the ductus deferens , a branch of the superior vesical artery, is a long 
slender vessel which accompanies the ductus deferens, ramifying upon its coats, and 
anastomosing with the testicular artery near the testis. 

The testicular veins emerge from the back of the testis, and receive tributaries from 
the epididymis: they unite and form a convoluted plexus, the plexus pampiniform is, 
which constitutes the chief mass of the cord ; the vessels composing this plexus are very 
numerous, and ascend in front of the ductus deferens; below the subcutaneous inguinal 
ring they unite to form three or four veins, which pass along the inguinal canal, and, 
entering the abdomen through the abdominal inguinal ring, coalesce to form two veins. 
These again unite to form a single vein, which opens on the right side into the inferior 
vena cava, at an acute angle, and on the left side into the left renal vein, at a right 
angle. 

The lymphatic vessels of the testis are described on p. 773. 

The nerves are the spermatic plexus of the sympathetic, joined by filaments from the 
pelvic plexus which accompany the artery of the ductus deferens. 


The Scrotum 

The scrotum is a cutaneous pouch containing the testes and the lower parts 
<of the spermatic cords, and placed below the pubic symphysis in front of 
the upper parts of the thighs. It is divided on its surface into a right and 


Fig. 1178. — A tran verse section through the left half of the scrotum and the 
left testis. The sac of the tunica vaginalis is represented in a distended 
condition. Diagrammatic. (Delepine.) 
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a left portion by a ridge, or raphe, which is continued forwards to the under 
surface of the penis, and backwards along the middle line of the perinaeum 
-to the anus ; the left portion hangs lower than the right, in correspondence 
-with the greater length of the left spermatic cord. The external appearance 
varies under different circumstances : thus, under the influence of warmth, 
and in old and debilitated persons, the scrotum is elongated and flaccid ; but, 
under the influence of cold, and in the young and robust, it is short, corrugated, 
and closely applied to the testes. It consists of the skin and the dartos tunic, 
together with the intercrural, cremasteric and infundibuliform fasciae, already 
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described in connexion with the spermatic cord. Within the infundibuliforni 
fascia is the parietal lamina of the tunica vaginalis (fig. 1178). 

The skin is very thin, of a brownish colour, and generally thrown into folds 
or rugae. It is beset with thinly scattered, crisp hairs, the roots of which are 
visible through the skin ; it is provided with sebaceous follicles, the secretion 
of which has a peculiar odour. 

The darios tunic is a thin layer of non-striped muscular fibres, continuous, 
around the base of the scrotum, with the superficial fascia of the groin and 
of the perinseum. It sends inwards a septum, which connects the raphe to 
the under surface of the root of the penis, and divides the scrotal pouch into 
two cavities for the testes. The dartos tunic is closely united to the skin, 
but is connected with the subjacent parts by delicate areolar tissue, upon which 
it glides with the greatest facility. 

Vessels and Nerves. — The arteries supplying the scrotum are : the superficial and deep 
external pudendal branches of the femoral artery, the posterior scrotal branches of the 
perinseal artery, and the cremasteric branch from the inferior epigastric artery. The veins 
follow the course of the corresponding arteries. The lymphatics end in the inguinal lymph- 
glands. The nerves are the ilio -inguinal and lumbo -inguinal branches of the lumbar plexus* 
the two posterior scrotal branches of the perinseal nerve, and the pudendal branch of the 
posterior femoral cutaneous nerve. 

Applied Anatomy . — The scrotum forms an admirable covering for the protection of 
the testes. These bodies, lying suspended and loose in the cavity of the scrotum and 
surrounded by serous membrane, are capable of great mobility, and can therefore easily 
slip about within the scrotum, and thus avoid injuries from Vows or squeezes. The 
skin of the scrotum is very elastic and capable of givia:. cii sum-ion, and on account of the 
looseness and amount of subcutaneous tissue, the scrotum becomes greatly enlarged in 
cases of oedema, to which this part is especially liable as a result of its dependent position. 
The scrotum is occasionally the seat of ephbeiicma : this is no doubt due to the rugae on 
its surface, which favour the lodgment dir:, and this, producing irritation, is the 
exciting cause of the disease, which is especially common in chimney-sweeps from the 
lodgment of soot. The disease is very much less common than it used to be; this is 
probably due to the better hygienic conditions of the working classes. The scrot um is 
also the part most frequently affected by elephantiasis. 

On account of the looseness of the subcutaneous tissue, large extravasations of blood 
may take place from very slight injuries. It is therefore generally recommended never to 
apply leeches to the scrotum, since they may lead to ecchymosis, but rather to puncture 
one or more of the superficial veins of the scrotum in cases where local blood-letting from 
this part is judged to be desirable. The muscular fibres in the dartos tunic cause con- 
traction and considerable diminution in the size of a wound of the scrotum, as after 
the operation of castration, and are of assistance in keeping the edges together, and 
covering the exposed parts. 


The Penis 

The penis is a pendulous organ suspended from the front and sides of the 
pubic arch and containing the greater part of the urethra. In the flaccid 
condition it is cylindrical in shape, but w r hen erect it assumes the form of a 
triangular prism with rounded angles, one side of the prism forming the dorsum 
of the penis. It is composed of three cylindrical masses of cavernous tissue 
bound together by fibrous tissue and covered with skin. Two of the masses 
are placed side by side, and are known as the corpora cavernosa penis ; the 
third, median in position and beneath the other two, is traversed by the 
cavernous part of the urethra, and is termed the corpus cavernosum urethrce 
(figs. 1179, 1180). 

The corpora cavernosa penis form the greater part of the substance of 
the penis. Throughout the anterior three-fourths of their extent they lie 
in apposition with one another, separated only by the septum of the penis ; 
behind, they diverge in the form of two tapering processes, which are known 
as the crura of the penis , and are firmly connected to the rami of the pubic 
arch. Traced from behind forwards each crus begins as a blunt-pointed process 
in front of the tuberosity of the ischium. Just before it meets its fellow it 
presents a slight enlargement, named by Kobelt the bulb of the corpus caver- 
nosum penis. Beyond this point the crus undergoes a constriction and merges 
into the corpus cavernosum proper, which retains a uniform diameter to its 
anterior end. Each corpus cavernosum penis ends abruptly in a round 
extremity a short distance from the point of the penis. 
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The corpora cavernosa penis are surrounded by a strong fibrous envelope 
consisting of superficial and deep fibres. The superficial fibres are longitudinal 
In direction, and form a single 

tube which encloses both cor- Fig. 1179. — The constituent cavernous cylinders 
pora ; the deep fibres are arranged of the penis. The glans penis and the 

circularly round each corpus, and anterior part of the corpus cavernosimi tire- 

form by their junction in the khrce are detached from the corpora cavernosa 
median plane the septum of the ^ enis bimed to one s ^ e * 
penis. This septum is thick 
and complete behind, but is im- 
perfect in front, where it consists 
of a series of vertical bands 
arranged like the teeth of a comb ; 
it is therefore named the septum 
pectiniforme. 

The corpus cavernosum 
urethrae (corpus spongiosum) 
contains the cavernous part of 
the urethra. Behind, it is ex- 
panded to form the urethral bulb, 
and lies in apposition with the 
inferior fascia of the urogenital 
diaphragm, from which it receives 
a fibrous investment. The urethra 
enters the bulb nearer to the upper 
than to the lower surface. On the' 
lower surface of the bulb there is 
a median sulcus, from which a thin 
fibrous septum projects into the 
substance of the bulb and divides 
it imperfectly into two lateral lobes 
or hemispheres. 

The portion of the corpus 
cavernosum urethrae in front of 
the bulb lies in a groove on the 
under surface of the conjoined 
corpora cavernosa penis. It is 
cylindrical in form and tapers 
slightly from behind forwards. 

Its anterior end suddenly expands 
to form an obtuse cone, named 
the glans penis. 

For descriptive purposes it is 

convenient to divide the penis into three regions : the root, the body, and 
the extremity. 

The root of the penis is triradiate in form, consisting of the diverging 

crura, one on either side, and 

Fig. 1180. — A transverse section through the penis. 
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the median urethral bulb. Each 
crus is covered by the Isehio- 
cavernosus, while the bulb is 
surrounded by the Bulbocaver- 
nosus. The root of the penis 
lies in the perineum between 
the inferior fascia of the uro- 
genital diaphragm and the 
fascia of Colles. In addition to 
being attached to the fasciae 
and the pubic rami, it is bound 
to the front of the symphysis 
pubis by the fundiform and 
suspensory ligaments. Th e fun- 


diform ligament springs from the front of the sheath of the Rectus abdominis 
and the linea alba; it splits into two fasciculi which pass one on either side 
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of the penis and unite below with the septum of the scrotum. The suspensory 
ligament is triangular in shape ; it is attached above to the symphysis pubis : 
below, it blends with the fibrous envelope of the corpora cavernosa penis. 

The body of the penis extends from the root to the anterior end of the 
corpora cavernosa penis. In the body the corpora cavernosa are intimately 
bound to one another ; a shallow groove which marks their junction on the 
upper surface lodges the deep dorsal vein of the penis, while a deeper and wider 
groove between them on the under surface contains the corpus eavernosum 
urethrae. The body is ensheathed by fascia, which is continuous above with 
the fascia of Scarpa and below with the dartos tunic of the scrotum and the 
fascist of Oolles. * 

The extremity is formed by the glans penis, the expanded anterior end of 
the corpus eavernosum urethrae. The glans penis is somewhat conical in shape 
and its concave base covers, and is attached to, the ends of the corpora caver- 
nosa. The projecting margin of its base is named the corona glandis , and the 
constriction behind the latter is known as the neck of the glans. The terminal 
part of the urethra runs through the glans penis, and ends in a vertical slit on 
its apex. 

The skin covering the penis is remarkable for its thinness, its dark colour, 
its looseness of connexion with the fibrous envelope of the organ, and its absence 
of adipose tissue. At the root of the penis it is continuous with the skin over 
the pubes, scrotum, and perinseum. At the neck of the glans penis it is folded 
upon itself to form the prepuce or foreskin , which overlaps the glans for a 
variable distance. The internal layer of the prepuce is confluent along the 
line of the neck with the thin skin which covers, and adheres firmly to, 
the glans, and is continuous with the mucous membrane of the urethra at the 
external urethral orifice. On the under surface of the glans penis a small 
median fold passes from the deep surface of the prepuce to a point on the 
glans immediately behind the external urethral orifice ; this median fold is 
named the frenulum of the prepuce. The prepuce is separated from the glans 
penis by a potential sac — the preputial sac — which presents two shallow fossae, 
one on either side of the frenulum. On the corona and neck of the glans there 
are numerous small preputial glands ; these secrete a sebaceous material named 
the smegma preeputii , which possesses a very peculiar odour. 

Structure of the penis, — From the internal surface of the fibrous envelope of the corpora 
cavernosa penis, as well as from the sides of the septum, numerous trabeculce arise, and 
cross the corpora cavernosa in all directions, subdividing them into a number of cavernous 
spaces , and giving the entire structure a spongy appearance (fig. 1180). These trabeculse 
consist of white fibrous tissue, elastic fibres and plain muscular fibres (fig. 1181), and in 
them are contained numerous arteries and nerves. The cavernous spaces are filled with 
blood, and are lined by a layer of flattened cells similar to the endothelial lining of veins. 

The fibrous envelope of the corpus eavernosum urethrae is thinner, whiter in colour, 
and more elastic than that of the corpora cavernosa penis. The trabeculae are more delicate, 
and the meshes between them are smaller than in the corpora cavernosa penis. The envelope 
of the corpus eavernosum urethrae is formed partly of unstriped muscular fibres, and a layer 
of the same tissue surrounds the canal of the urethra. 

Vessels and Nerves. — The arteries bringing the blood to the cavernous spaces are the 
deep arteries of the penis, and branches from the dorsal arteries of the penis, which 
perforate the fibrous capsule, along the upper surface, especially near the front part of 
the organ. On entering the cavernous structure the arteries divide into branches, which 
are supported and enclosed by the trabeculae. Some of these arteries end in a capillary 
network, the branches of which open directly into the cavernous spaces ; others assume 
a tendril-like appearance, and form convoluted and somewhat dilated vessels, named 
helicine arteries. They open into the cavernous spaces, and from them small capillary 
branches go to supply the trabecular structure. They are most abundant in the posterior 
parts of the corpora cavernosa. 

The blood from the cavernous spaces is returned by a series of vessels, some of which 
emerge from the base of the glans penis and converge on the dorsum of the penis to form the 
deep dorsal vein ; others pass out on the upper surface of the corpora cavernosa and join the 
same vein ; some emerge from the under surface of the corpora cavernosa penis and, receiving 
branches from the corpus eavernosum urethrae, wind round the sides of the penis to end in the 
deep dorsal vein ; but many pass out at the root of the penis and join the prostatic plexus. 

The nerves are derived from the second, third and fourth sacral nerves, through the 
pudendal nerve and the pelvic plexuses. On the glans penis and the urethral bulb some 
filaments of the cutaneous nerves have Pacinian bodies connected with them, and many 
of them end in peculiar end-bulbs (p. 1048). 
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Fig. 1181. — A section through the corpus cavernosum 
penis in the non-distendod condition. (Cadiat.) 


Applied Anatomy .—The penis occasionally requires removal for malignant disease. 
Removal of the antescrotal portion is usually all that is necessary, but sometimes it 
is requisite to remove the whole 
organ from its attachment to the 
pubic and ischial rami. The 
former operation is performed by 
cutting through the corpora 
cavernosa penis from the dorsum, 
and then separating the corpus 
cavernosum urethrae from them, 
dividing it at a level nearer the 
glans penis % The mucous mem- 
brane of the urethra is then slit 
up, and the edges of the flap 
attached to the external skin, in 
order to prevent contraction of 
the orifice, which might other- 
wise take place. The vessels 
which require to be ligatured are 
the deep and the dorsal arteries 
of the penis, and the artery of the 
septum. When the entire organ 
requires removal, the patient is 
placed in the lithotomy position, 
and an incision is made through 
the skin and subcutaneous tissue 
round the root of the penis, and 
carried down through the median 
line of the scrotum as far as the 
perinaeum. The halves of the 
scrotum are then separated from 
each other, and, a catheter having 
been introduced into the bladder as a guide, the corpus cavernosum urethrae below the 
urogenital diaphragm is separated from the corpora cavernosa penis and divided, the 
catheter having been withdrawn. The suspensory ligament is now severed and the crura 
separated from the bone with a periosteum scraper. The portion of the urethra, which 
has not been removed, is attached to the skin at the posterior extremity of the incision in 
the perineum. The remainder of the wound is closed, free drainage being provided for. 



a. Trabeculae of connective tissue, with many elastic fibres and 
bundles of plain muscular tissue, some of which are cut across (c), 
b. Blood-sinuses. 


The Prostate 

The prostate (fig. 1176) is a firm, partly glandular and partly muscular 
body, surrounding the commencement of the urethra. It is situated in the 
pelvic cavity, behind the lower part of the symphysis pubis and the superior 
fascia of the urogenital diaphragm, and in front of the rectum. It is about 
the size of a chestnut and somewhat conical in shape, and presents for examina- 
tion a base, an apex, a posterior, an anterior, and two lateral surfaces. 

The base is directed upwards, and, for the greater part of its extent, is 
directly continuous with the wall of the urinary bladder : the urethra enters 
it nearer its anterior than its posterior border. 

The apex is directed downwards, and is in contact with the superior fascia 
of the urogenital diaphragm. 

The posterior surface is flattened from side to side and slightly convex from 
above downwards ; it is separated by its sheath and some loose connective 
tissue from the rectum, and is distant about 4 cm. from the anus. Near its 
upper border is a depression through which the two ejaculatory ducts enter 
the prostate. This depression serves to divide the posterior surface into a 
lower larger and an upper smaller part. The upper smaller part constitutes 
the middle lobe of the prostate and intervenes between the ejaculatory ducts 
and the urethra ; it varies greatly in size, and in some cases is destitute of 
glandular tissue. The lower larger portion sometimes presents a shallow 
median furrow, which imperfectly separates it into right and left lateral lobes ; 
these form the main mass of the gland and are directly continuous with each 
other behind the urethra ; they are connected in front of the urethra by a 
band which is named the isthmus ; the latter consists of fibromuscular tissue 
and is devoid of glandular substance. 

The anterior surface is narrow and convex from side to side. It lies about 
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2 cm. behind the pubic symphysis, from which it is separated by a plexus 
of veins and a quantity of loose fatty tissue. It is connected to the pubic 
bones by the puboprostatic ligaments. The urethra emerges from this surface 
a little above and in front of the apex of the prostate. 

The lateral surfaces are prominent, and are covered by the anterior portions 
of the Levatores ani, which are, however, separated from the gland by a plexus 
of veins. 

The prostate measures about 4 cm. transversely at the base, about 2 cm. 
in its anteroposterior, and 3 cm. in its vertical, diameter. Its weight is about 
8 gm. It is invested by a fibrous sheath derived from the pelvic fascia. This 
sheath is continuous above with the rectovesical fascia which ensheathes the 
vesiculse seminales and ductus deferentes, below with the superior fascia of the 
urogenital diaphragm, and in front with the puboprostatic ligaments. These 
ligaments are two thickened bands of pelvic fascia which pass backwards, one 
on each side of the middle line, from the pubic bones to the front of the pro- 
state ; between the ligaments is a median depression the floor of which is formed 
by a thinner part of the fascia/ 54 The anterior portions of the Levatores ani 
pass backwards from the os pubis and embrace the sides of the prostate; 
from the support they afford to the prostate they are named the Levatores 
prostatce. 

The prostate is perforated by the urethra and the ejaculatory ducts and 
contains the prostatic utricle. The urethra usually lies along the junction of 
its anterior with its middle one-third. The ducts pass obliquely downwards 
and forwards through the posterior part of the prostate, and open into the 
prostatic portion of the urethra (p. 1218). 

Structure (fig. 1182). — The prostate is enveloped by a thin but firm capsule, distinct 
from the sheath derived from the pelvic fascia, and separated from it by a plexus of veins. 
This capsule is firmly adherent to the prostate and is structurally continuous with the 
stroma of the gland, being composed of the same tissues, viz. non-striped muscle and 
fibrous tissue. The substance of the prostate is of a pale reddish-grey colour, of great 
density, and not easily torn. It consists of glandular substance and muscular tissue. 

The muscular tissue constitutes the proper stroma of the prostate; the connective 
tissue being very scanty, and merely forming, between the muscular fibres, thin 
trabeculae in which the vessels and nerves of the gland ramify. The muscular tissue is 
arranged as follows : immediately beneath the capsule is a dense layer, which forms an 
investing sheath for the gland ; around the prostatic part of the urethra is a dense layer 
of circular fibres, continuous above with the internal layer of the muscular coat of the 
bladder, and blending below with the fibres surrounding the membranous portion of the 
urethra ; between these two layers are strong bands of muscular tissue which decussate 
freely, and form meshes in which the glandular structure of the organ is imbedded. 
In that part of the gland which is situated in front of the urethra the muscular tissue is 
especially dense, and there is here little or no glandular tissue; while in that part which 
is behind the urethra the muscular tissue presents a wide-meshed structure, which is 
densest at the base of the gland — that is, near the bladder — becoming looser and more 
sponge-like towards the apex. 

The glandular substance is composed of numerous follicles the lining of which fre- 
quently shows papillary elevations. The follicles open into elongated canals which join 
to form from twelve to twenty small excretory ducts. They are connected together by 
areolar tissue, supported by prolongations from the fibrous capsule and muscular stroma, 
and enclosed in a delicate capillary plexus. The epithelium which lines the canals and 
the terminal vesicles^is of the columnar variety. The prostatic ducts open into the floor 
of the prostatic portion of the urethra, and are lined by two layers of epithelium, the 
inner layer consisting of columnar and the outer of small cubical cells. Small colloid 
masses, known as amyloid bodies, are often found in the gland tubes. 

* G. Elliot Smith (, Journal of Anatomy, vol. xlii.) pointed out that in a mesial section through 
the pelvis of a male foetus of the fourth month the rectovesical excavation or recess of the peri- 
toneum is seen to be very much deeper than it is in the adult ; it extends downwards on the 
posterior surface of the prostate and is attached there to the upper extremity of the perlnseal 
body. 

The two layers of this recess become loosely attached to one another and their serous covering 
disappears, the two layers of peritoneum being transformed into or replaced by a double sheet 
of fibrous tissue, mixed with some unstriped muscle. This sheet he names the rectovesical septum 
and states that it is almost identical with the 4 rectovesical fascia,’ except that its lateral borders 
are either quite free or attached to the sheath of the vesical plexuses. The rectovesical septum 
is a triangular sheet, the superior border of which is attached to the peritoneum, while its three 
angles are placed respectively at the outer extremities of the vesieulas seminales and the lower 
edge of the prostate. The posterior part of the capsule of the prostate is formed mainly by the 
rectovesical septum. 



THE APPLIED ANATOMY OF THE PROSTATE 122 5 

Vessels and Nerves. --The arteries supplying the prostate are derived from the internal 
pudendal, inferior vesical, and middle hemorrhoidal arteries. Its veins form a plexus 
around the sides and base of the gland ; they receive in front the dorsal vein of the penis, 
and end m the hypogastric veins. The lymphatics are described on p. 772. Hie nerves 
are derived from the pelvic plexus. 


Fig. H 82. A transverse section through a normal prostate, opposite the middle 
ot the urethral crest. From a subject aged nineteen years. (Taylor.) 



a. Longitudinal section of ducts leading from the lobules of the glands, b. Urethral crest. 
c. Prostatic utricle, d. Urethra, e. Ejaculatory ducts. /. Arteries, veins, and venous sinuses in 
sheath of prostate, g. Nerve-trunks in sheath, h. Point of origin of fibromuseular bands encircling 
urethra, i. Zone of striated voluntary muscle on superior surface. 


Applied Anatomy . — By means of the finger introduced into the rectum, the surgeon 
detects enlargement or other disease of the prostate; he can feel the apex of the gland, 
which is the guide to Cock’s operation for stricture ; he is enabled also by the same means 
to direct the point of a catheter, when its introduction is attended with difficulty either 
from injury or disease of the membranous or prostatic portions of the urethra. When the 
finger is introduced into the bowel, the surgeon may, in some cases, especially in boys, 
learn the position, as well as the size, of a calculus in the bladder. If, as is not 
infrequently the case, the calculus be lodged behind an enlarged prostate, it may be 
displaced from its position by pressing it^upwards towards the fundus of the bladder 
from the rectum. The prostate is occasionally the seat of suppuration, due to ^ either 
.gonorrhoea or tuberculous disease. The gland is enveloped in a dense unyielding 
capsule, which determines the course of the abscess, and also explains the great pain 
which is present in the’ acute form of the disease. The abscess most frequently bursts 
into the urethra, the direction in which there is least resistance, but may burst into the 
rectum, or more rarely in the perineum. In advanced life the prostate sometimes 
becomes considerably enlarged and projects into the bladder so as to impede the passage 
of the urine. According to Messer’s researches, conducted at Greenwich Hospital, it 
would seem that such obstruction exists in 20 per cent, of all men over sixty years of age. 
In some cases the condition affects principally the lateral lobes, which may undergo 
•considerable enlargement without causing much inconvenience. In other cases it would 
seem that the middle lobe enlarges most, and even a small enlargement of this lobe may 
act injuriously, by forming a sort of valve over the internal urethral orifice, preventing 
The passage o’: the urine; and the more the patient strains, the more completely will it 
bbTi; :i:o opening into the urethra. In consequence of the enlargement of the prostate, a 
pouch is formed at the base of the bladder behind the projection, in which urine collects, 
and from which it cannot be entirely expelled. For this condition prostatectomy is some- 
times done. The bladder is opened by an incision above the symphysis pubis, the 
mucous membrane of the post-prostatic pouch is scratched through, and the finger is then 
introduced into the space between the true capsule of the prostate and outer capsule 
formed by the pelvic fascia. Separation in this plane is then carried out below* and 
laterally until the apex of the gland is reached. The whole of the work is done with the 
finger, which is gradually swept round the sides until the anterior surface is reached and 
G.A. 2q2 
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freed. The gland is then, by traction, displaced into the bladder and removed, usually 
carrying with it the greater portion of the mucous membrane of the prostatic urethra. 
Haemorrhage, which may be considerable at times, is checked by hot irrigations, and the 
bladder is temporarily drained. Very satisfactory results have followed this operation. 

The prostate can be reached from the perinaeum, and in some cases the enlarged gland 
has been removed by this route, but the perinseal approach is not usually employed except 
in the case of abscess of or about the gland. 

The Bulbo-tirethral Glands 

The bulbo-urethral glands (Cowper’s glands) are two small, rounded and 
somewhat tabulated bodies, of a yellow colour. Each is about the size of a 
pea, and is placed lateral to the membranous portion of the urethra, between 
the two layers of the fascia of the urogenital diaphragm. They lie above 
the urethral bulb, and are enclosed by the transverse fibres of the Sphincter 
urethrae memhranacese. They gradually diminish in size as age advances. 

The excretory duct of each gland is nearly 3 cm. long ; it passes obliquely 
forwards beneath the mucous membrane, and opens by a minute orifice on 
the floor of the cavernous portion of the urethra about 2*5 cm. in front of the 
urogenital diaphragm. 

Structure — Each gland is made up of several lobules which are held together by a 
fibrous investment. Each lobule consists of a number of acini, lined by columnar 
epithelial cells. 


THE FEMALE GENITAL ORGANS 

The female genital organs consist of an internal and an external group. The 
internal organs are situated within the pelvis, and consist of the ovaries, the 
uterine (Fallopian) tubes, the uterus, and the vagina. The external organs 
are placed below and in front of the pubic arch. They comprise the mons pubis, 
the labia majora et minora pudendi, the clitoris, the bulbus vestibuli, and the 
greater vestibular glands. 

The Ovaries 

The ovaries, two in number, are homologous with the testes in the male. 
They are situated one on either side of the uterus in relation to the lateral 
wall of the pelvis, and attached to the back of the broad ligament of the uterus 
behind and below the uterine tube (fig. 1183). They are of a greyish-pink 
colour, and present either a smooth or a puckered uneven surface ; each is 
about 3 cm. long, 1*5 cm. wide, and about 10 mm. thick. In the erect posture 
the long axis of the ovary is vertical. Each ovary presents a lateral and a 
medial surface, a tubal and a uterine extremity, and a mesovarian and a free 
border. The ovary lies in a depression, named the ovarian fossa , on the lateral 
wall of the pelvis ; this fossa is bounded in front by the obliterated hypogastric 
artery, and behind by the ureter and the uterine artery. The exact position 
of the ovary has been the subject of considerable difference of opinion, and 
the description here given applies to that of the nulliparous woman ; the 
ovary is displaced during the first pregnancy, and probably never again returns 
to its original position. The tubal extremity (extremitas tubaria) is near the 
external iliac vein ; to it are attached the ovarian fimbria of the uterine tube 
and a fold of peritoneum, the suspensory ligament of the ovary , which passes 
upwards over the iliac vessels and contains the ovarian vessels and nerves. 
The uterine extremity (extremitas uterina) is directed downwards towards the 
pelvic floor ; it is usually narrower than the tubal extremity, and is attached 
to the lateral angle of the uterus, immediately behind and below the uterine 
tube, by a rounded cord termed the ligament of the ovary , which lies within the 
broad ligament and contains some non-striped muscular fibres. The lateral 
surface is in contact with the parietal peritoneum, which lines the ovarian fossa 
and separates the ovary from the subperitoneal connective tissue and the 
obturator vessels ; the medial surface is to a large extent covered by the uterine 
tube. Th mesovarian border is straight and is directed towards the obliterated 
hypogastric artery ; it is attached to the back of the broad ligament by a 
snort fold named the mesovarium. Between the two layers of this fold the 
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between the lower ribs and the ilium when the body is violently bent forwards. This is 
followed by a little transient haamaturia, which, however, speedily passes off. 

The loose cellular tissue around the kidney may be the seat of suppuration, consti- 
tuting perinephric abscess . This may be due to injury, or to disease of the kidney itself, 
or to extension of inflammation from neighbouring parts. The abscess tends to point 
externally in the groin or loin. 

. Tumours of the kidney may be recognised by their position : by the resonant colon 
lying .in front of them; and by their rounded outline not presenting a notched anterior 
margin like the spleen, with which they are most likely to be confounded. The hyper- 
nephroma , a tumour arising from suprarenal ‘ rests ’ or inclusions in the cortex or medulla 
of the kidney, is not LnuvcjUvmn. When occurring in children it is often associated with 
precocious growth of the body generally and of the hair and sexual organs in particular. 
Arising, as it often does, in the kidney, a hypernephroma is indistinguishable: from a true 
renal tumour so far as the physical signs and symptoms go; i: is really, however, a 
tumour of the suprarenal gland substance. 

The examination of the kidney should be bimanual ; that is to say, one hand should be 
placed in the flank and firm pressure made forwards, while the other hand is buried in the 
abdominal wall, over the situation of the organ. Manipulation of the kidney frequently 
produces a peculiar sickening sensation, sometimes with faintness. 

The kidney may require exposure for exploration or the evacuation of pus (nephro- 
tomy) ; hgmay be incised for the removal of stone (nephrolithotomy) ; it may be sutured 
when movable or floating (nephropexy) ; or it may be removed (nephrectomy). It may 
be exposed either by a lumbar or an abdominal incision ; except in cases of verv large 
tumours, a lumbar incision is best, as it has the advantages of not opening the peritoneum, 
and of affording admirable drainage. An oblique incision should be made, siarring a\: ; bi- 
lateral border of the Sacrospinalis, 1 cm. below the last rib and directed downwards and 
forwards towards a point 2*5 cm. in front of the anterior superior spine of the ilium. The 
structures divided are the skin, the superficial fascia with the cutaneous nerves, the deep 
fascia, the posterior border of the Obliquus externus abdominis, and the outer border of 
the Latissimus dorsi ; the Obliquus internus and the posterior aponeurosis of the Trans- 
versus abdominis; the lateral border of the Quadratus lumborum; the deep layer of the 
lumbodorsal fascia and the transversalis fascia. The fatty tissue around the kidney is 
now exposed to view, and must be separated by the fingers, or a director, in order to reach 
the kidney. The operations of nephrolithotomy, for the removal of calculi from the 
kidney, and nephrotomy, or . incision of the kidney for abscess, &c., are generally 
performed by the lumbar incision. This route is also generally chosen for nephrectomy, 
especially if the organ is thought to contain pus. The abdominal operation is best per- 
formed by an incision through the lateral part of the Rectus abdominis on the side of the 
kidney to be removed; the kidney is then reached from the lateral side of the colon, 
ascending or descending as the case may be, and thus the vessels of the colon are not 
interfered with. The incision commencing just below the costal arch is made of varying 
length, according to the size of the kidney. The abdominal cavity having been opened, 
the intestines are drawn medialwards and the peritoneum covering the kidney to the 
lateral side of the colon is incised, so that the fingers can be introduced behind the peri- 
toneum. The kidney must now be enucleated, and the vessels firmly ligatured and 
divided, the ureter being tied separately. The particular advantage of the abdominal 
operation is that the condition of the other kidney can be ascertained by manual exami- 
nation , before iheyemoval of the diseased kidney is finally decided upon; and, further, 
involvement of neighbouring structures by a new growth, rendering removal impossible! 
can only be discovered by the abdominal route. 

Nephropexy is the name given to the operation for fixing a movable kidney. The 
kidney is reached by the lumbar incision, and is freely separated from its perinephric 
capsule. Sutures are then passed through the true capsule of the organ and are brought 
out above the upper end of the wound. When these sutures are tied, the kidney is tightly 
anchored m position ; at the same time a flap of the true capsule can be separated from 
the parenchyma of the kidney and passed around the last rib and sutured down again, so 
as to form a sling for the kidney from the rib. 


The Uretebs 

The ureters are the two tubes which convey the urine from the kidneys 
to the urinary bladder. Each measures from 25. cm. to 30 cm. in length, and 
is a thick- walled, narrow, cylindrical tube which is directly continuous with 
the tapering lower end of the renal pelvis. It runs downwards and medialwards 
m front of the Psoas major and, entering the pelvic cavity, finally opens into 
the fundus of the urinary bladder. 1 

The abdominal part lies behind the peritoneum on the medial portion of the 
Psoas major, and is crossed obliquely by the testicular vessels. It enters 
V1C cav fky. ky crossing either the end of the common, or the beginning 
of the external, iliac vessels. & & 
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-A section through the ovary. 
(After Schron.) 
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1. Outer covering. 1\ Attached border. 2. Central 
stroma. 3. Peripheral stroma. 4. Blood-vessels. 5. Vesi- 
cular follicles in their earliest stage. 6, 7, 8. More advanced 
follicles. 9. An almost mature follicle. 9". Follicle from 
which the ovum has escaped. 10. Corpus luteum. 


... Vesicular ovarian ( Graafian ) follicles. — Upon making a section through an ovary, 
numerous vesicles of various sizes are seen; they are the follicles, or ovisacs containing 
the ova. Immediately beneath the tunica albuginea is a layer of stroma, called the 
cortical layer , characterised by the presence of a large number of ova in an early stage of 

development. At this stage each 
ovum is a spherical cell, and is sur- 
Pia 1185. — A section through the ovary. rounded by a single layer of smaller, 

(After Schron.) cubical cells. These primitive fol- 

s licles are numerous in the ovary of 

After puberty some of these primi- 
Jf l V tive ovarian follicles increase in size; 
/§£§•$ the cells ^vesting the ovum multiply, 

v and later a cavity, named the antrum 

?<v folliculi , appears between the cells 

fj — thus formed. This cavity is filled 

‘ - x ' V~ folliculi , a transparent, 

\|r= ^§ t ., A albuminous fluid which nourishes and 

.^-t. protects the ovum. The liquor folli- 

■■fsk euli splits the investing cells into two 

strata, an outer named the stratum 
nr an*! 1 . ?.sv r 7 and an inner, the cumu - 
’■ o ;: nlr-rl ; the latter surrounds the 
ovum* and is attached at one spot to 

^ . . ,, A . the stratum granulosum (fig. 1186). 

1. Outer covering. 1\ Attached border. 2. Central i • 11 n ; 

stroma. 3. Peripheral stroma. 4. Blood-vessels. 5. Vesi- lhomson I is Ot opinion that the cumu- 
cular follicles in their earliest stage. 6, 7, 8. More advanced lus may be attached to the stratum 
follicles. 9. An almost mature follicle. 9'. Follicle from (rrannlncnm of urwr navf a-P 
wMch the ovum has escaped. 10. Corpus luteum. granuiosumat any part or Me circum- 

ference of the follicle. In the earlier 
stages of the development of the 
follicle the stratum granulosum is made up of several lasers of cubical cells, but in the 
matured follicle it consists of a single layer, and in some instances this may disappear. 

Scattered amongst the cells of the cumulus oophori and stratum granulosum are 
certain structures known as the bodies of Call and Exner, the cells surrounding which 
are radially arranged ; in the advanced stages of the growth of the follicle these bodies 
are only found in the cumulus. JEach consists of a more or less homogeneous mass of 
protoplasm, which, in its reactions to certain stains, resembles the coagulated liquor 
folliculi. These bodies become vacuolated, and tend to break down, and it is therefore 
probable that the liquor folliculi 

is formed, in the first instance, -c, ,, 0 * . . ,, . . . , 

by their dissolution. FlG ‘ 1186 — A action through an ovarian follicle 

A fully developed or ‘ ripe ’ of a cat ‘ x 50 ’ 

ovarian follicle is about 5 mm. 

in diameter (Thomson, loc. cit.) Theca foUiouH 

and is surrounded by a capsule 

(theca folliculi) derived from Membrana granulosa 

the ovarian stroma, and com- ' 

posed of an internal and an 
external tunic. The tunica 

interna consists of loosely- .‘'fljff 

arranged, round or spindle- 

shaped cells, and is pervaded Sfe-. 

by a capillary plexus. The 

vascularity of this tunic in- Zona striata — 

extend between the cells of the ~ 

attached part of the cumulus. ’ 

Between the tunica interna and Cumulus oophor i - 

the stratum granulosum which 

lines it, there is a thin external * 

limiting membrane (basal mem- V ? " 

brane). The tunica externa 

consists of firmer and less vas- ' ^ 

cular tissue than the tunica 

interna, and contains a considerable quantity of non-striped muscular fibres. 

The mature follicle approaches, and ultimately bursts on, the surface of the ovary, 
and the escaped ovum, surrounded by the cells of the cumulus oophori, is grasped by the 

* The ovum is described on pp. 40 to 42. 

J i * n ^ lis cormex i° n > an article by Arthur Thomson on “The ripe human Graafian 
loinele, J oumal of Anatomy , vol. liv. 


Fig. 1186. — A section through an ovarian follicle 
of a cat. x 50. 
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fimbriated end of the uterine tube, and is conveyed along this tube to the cavity of the 
uterus. The rupture of the follicle is probably brought about by the contraction of the 
non-striped muscular fibres of the tunica externa. 

Robinson* has investigated the formation, rupture, and closure of the ovarian follicles 
in ferrets, and has shown that in these animals a fluid, named by him the secondary 
liquor folliculi, appears between the cells of the cumulus oophori and takes part in the 
final distension of the follicle which precedes rupture. 

The maturation of the follicles and ova continues uninterruptedly from puberty to 
the end of the reproductive period of woman’s life, while their formation commences 
before birth. 

Corpus luteum. — After the discharge of the ovum a series of changes occurs within the 
Graafian follicle which result in the formation of a structure named the corpus luteum. 
When fully 'developed this consists of large cells containing yellow pigment (luteal cells ) 
separated from one another by delicate trabeculas of vascular connective tissue which is 
aggregated to form a mass in the centre of the follicle devoid of luteal cells. Opinion 
is divided as to what is the source of the luteal cells. Many regard them as being derived 
from the tunica interna, a view which is supported by the fact that the stratum granu- 
losum may be separated from the external limiting membrane before the ovarian follicle 
bursts. Others maintain that they are derived from the cells of the stratum granulosum, 
which undergo great hypertrophy, and, in the early stages of the formation of the corpus 
luteum, show signs of mitosis. The connective tissue trabeculae are derived from the 
sheath of the follicle. 

If the discharged ovum be not fertilized the corpus luteum quickly degenerates, and 
within two months is reduced to a small cicatrix, but if the ovum be fertilized the corpus 
luteum increases in size and, by the middle of pregnancy, may measure about 2*5 cm. in 
diameter. During the later months of pregnancy the luteal cells lose their colour, and 
the size of the corpus luteum diminishes, so that by the end of pregnancy its diameter 
is reduced to about 1 cm.t 

Vessels and Nerves. — The arteries of the ovaries and uterine tubes are the ovarian 
arteries from the aorta. Each anastomoses in the mesosalpinx with the uterine artery ; it 
gives some branches to the uterine tube, and others which traverse the mesovarium and 
enter the hilum of the ovary. The veins emerge from the hilum in the form of a plexus, 
the pampiniform plexus ; the ovarian vein is formed from this plexus, and leaves the pelvis 
in company with the artery. The lymphatics are described on p. 774. The nerves are 
derived from the hypogastric or pelvic plexus, and from the ovarian plexus, the uterine tube 
receiving a branch from one of the uterine nerves. 

Epoophoron (figs. 1183, 1184). — The epoophoron or organ of RosemntiUer lies in the 
lateral part of the mesosalpinx between the ovary and the uterine tube, and consists of a 
few short tubules ( ductuli transversi) which converge towards the ovary while their opposite 
ends open into a rudimentary duct, the ductus longitudinalis epoophon (duct of 
Gartner), which runs in the broad ligament of the uterus, parallel with the lateral part 
of the uterine tube. 

In a small proportion of subjects Gartner’s duct can be followed alongside the uterus to 
near the level of the internal orifice. Here it pierces the muscular wall of the uterus and 
descends in the cervix uteri, gradually approaching the mucous membrane, without 
however quite reaching it. The duct then runs downwards in the lateral wall of the 
vagina and ends at, or close to, the free margin of the hymen. 

Paroophoron.— The paroophoron consists of a few scattered rudimentary tubules, best 
seen in the child, situated in the broad ligament between the epoophoron and the uterus. 

The ductuli transversi of the epoophoron and the tubules of the paroophoron are 
remnants of the tubules of the Wolffian body or mesonephros; the ductus longitudinalis 
epoophori is a persistent portion of the Wolffian duct. 

Applied Anatomy ,— The inflammations which affect the ovary are merely an extension 
of those from the uterine tube. Ovarian new formations are of common occurrence, and 
are either solid or cystic ; the former being the less common. The ‘ ovarian cysts ' in the 
majority of cases are cystadenomata which may spring from the ovarian follicles and 
assume enormous dimensions; in rarer instances they arise from the tubules at the 
hilum of the ovary or those of the epoophoron ; in other instances a clear -watery cyst 
forms between the layers of the broad ligament. An ovarian cyst, once diagnosed, should 
always be removed, as it is liable to become affected by suppuration, torsion of its pedicle, 
or other serious complications. The operation for its removal, badly termed ovariotomy , 
consists in opening the abdomen and delivering the cyst through the wound; the pedicle 
is then clamped with forceps, and the cyst is cut free. The pedicle must be transfixed 
and securelv ligatured by an interlocking ligature, which will not slip off. The pedicle 
consists of an elongated part of the broad ligament, including the uterine tube and ovarian 
artery, and a great number of large veins. Ovariotomy for a simple uncomplicated cyst 
presents no special difficulties, but, in cases where there are old adhesions implicating 
the small intestine, it may present very great difficulties. 

* Arthur Robinson, Transactions of the Royal Society of Edinburgh , vol. lii, part ii. 

•f Consult The Physiology of Reproduction by F. H. A. Marshall, 1910. 
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The Utebine Tubes (figs. 1183, 1188) 


The uterine tubes (Fallopian tubes), two in number, transmit the ova 
from the ovaries to the cavity of the uterus and are situated in the upper 
margins of the broad ligaments of the uterus. Each tube is about 10 cm. long, 
and one end of it opens into the superior angle of the cavity of the uterus, 
the other into the peritoneal cavity close to the ovary. The opening into the 
uterine cavity is very small, and only admits a fine bristle ; the opening into 

the peritoneal cavity is named 
the abdominal ostium , and 
Pig. 1187. — Transverse section of a human uterine -when its muscular wall is 
tube. Stained with hematoxylin and eosin. x 15. relaxed ^ as a diameter of 

about 3 mm. The abdominal 
_ <£> . o -v ostium is situated at the bottom 



of a trumpet-shaped expansion 
of the uterine tube, termed the 
infundibulum , the circumfer- 
ence of which is prolonged 
into a varying number of irre- 
gular processes, called fimbriae , 
and therefore this ostium is 
sometimes called the fimbriated 
end of the tube. The inner 
surfaces of the fimbriae are 
lined by mucous membrane, 
and in the larger fimbrise this 
exhibits longitudinal folds 
which are continuous with 
similar folds in the mucous 
lining of the infundibulum. 
One fimbria, longer and more 
deeply grooved than the others, 
is attached to the tubal ex- 
tremity of the ovary, and is 
named the ovarian fimbria . 
The infundibulum opens into 
the ampulla of the tube, which 


is thin-walled and tortuous and forms rather more than one-half the entire 


length of the tube. The ampulla is succeeded by the isthmus , which is round 
and cord-like and constitutes approximately the medial one-third of the tube. 
The part continued from the isthmus through the wall of the uterus is about 
1 cm. long, and is named the pars uterina tubce . 

The uterine tube is directed lateralwards as far as the uterine extremity of 
the ovary, and then ascends along the mesovarian border of the ovary to the 
tubal extremity, over which it arches ; finally it turns downwards and ends 
in relation to the free border and medial surface of the ovary. In connexion 
with the fimbrise of the uterine tube, or with the broad ligament close to them, 
there are frequently one or more small pedunculated vesicles ; these are termed 
the appendices vesiculosce (hydatids of Morgagni). 


Structure (fig. 1187). — The uterine tube consists of three coats : serous, muscular, and 
mucous. The external or serous coat is peritoneal. The middle or muscular coat consists 
of an external longitudinal and an internal circular layer of non-striped muscular fibres 
continuous with those of the uterus. The internal or mucous coat is continuous with the 
mucous lining of the uterus, and, at the abdominal ostium of the tube, with the peri- 
toneum. It is thrown into longitudinal folds, which in the ampulla are much more 
extensive than in the isthmus. The lining epithelium is columnar and ciliated. This 
form of epithelium is also found on the inner surfaces of the fimbriae ; while on the outer 
or serous surfaces of these processes the epithelium gradually merges into the endothelium 
of the peritoneum. 

Applied Anatomy . — The majority of the diseases of the uterine tube are due to 
infections which have spread by way of the vagina and uterus, and the disease often does 
nonstop at the uterine tube, but passes on to the peritoneum, giving rise to acute general 
peritonitis, or a localised condition termed perimetritis that may be acute or chronic. 
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Perimetritis is often followed by various painful conditions, which are due to the peri- 
toneal adhesions resulting from the inflammation of the serous membrane, and which 
persist throughout life. Tubal inflammation (salpingitis) is usually the result of an 
infection either by the gonococcus, or by septic organisms implanted at the time of labour 
or abortion. ^ In many cases the fimbriated ends of the tubes become closed by adhesions, 
pus collects in the tubes, and a pyosalpinx results. 

Fertilisation of the ovum (p. 46) is believed to occur in the uterine tube, and the 
fertilised ovum is then normally passed on into the uterus; the ovum, however, may 
adhere to and undergo development in the tube, giving rise to the commonest variety of 
ectopic gestation . In such cases the amnion and chorion are formed, but a true decidua 
is never present; and the gestation usually ends by extrusion of the ovum through the 
abdominal ostium, although it is not uncommon for the tube to rupture into the peritoneal 
cavity, this being accompanied by severe hosmorrhage, arm needing surgical interference. 


The Uterus (figs. 1183, 1188, 1189) 

The uterus, or womb, is a hollow, thick- walled, muscular organ situated 
in the pelvic cavity between the urinary bladder in front and the rectum behind. 
Into its upper part the uterine tubes open, one on either side, while below, its 


Fig. 1188. — The female pelvis and its contents. Anterosuperior aspect. 
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cavity communicates with that of the vagina. When the ova are discharged 
from the ovaries they are carried to the uterine cavity through the uterine 
tubes. If an ovum be fertilised it imbeds itself in the uterine wall and is 
normally retained in the uterus until prenatal development is completed, the 
uterus undergoing changes in size and structure to accommodate itself to the 
needs of the growing embryo. After parturition the uterus returns almost to 
its former condition, but traces of its enlargement remain. For general 
descriptive purposes the adult virgin uterus is taken as the type form. 

In the virgin state the uterus is flattened from before backwards and is 
pyriform in shape, with the apex directed downwards and backwards. It lies 
between the bladder below and in front and the sigmoid colon and rectum above 
and behind, and is completely within the- pelvis, its base being below the level 
of the superior pelvic aperture. Its upper part is suspended by the broad and 
the round ligaments, while its lower portion is imbedded in the fibrous tissue 
of the pelvis. 
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The long axis of the uterus usually lies approximately in the axis of the 
superior pelvic aperture, "but as the organ is freely movable its position varies 
with the state of distension of the bladder and rectum. Except when much, 
displaced by a distended bladder, it forms a forward angle with the vagina, 
since the axis of the vagina corresponds to the axes of the cavity and inferior 
aperture of the pelvis. 

The uterus measures about 7*5 cm. in length, 5 cm. in breadth at its upper 
part, and nearly 2*5 cm. in thickness ; it weighs from 30 to 40 gm. It is 
divisible into two portions. On the surface, a little below the middle, is a 
slight constriction, known as the isthmus , and corresponding to this in the 
interior is a narrowing of the uterine cavity, the internal orifice of the uterus. 
The portion above the isthmus is termed the body, and that below, the cervix . 


Fig. 1189. — A median sagittal section through the female pelvis. 
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The part of the body which lies above a plane passing through the points 
of entrance of the uterine tubes is known as the fundus. 

Body. — The body gradually narrows from the fundus to the isthmus. 

The vesical or anterior surface is in apposition with the urinary bladder. 
It is flattened and covered by peritoneum, which is reflected on to the bladder 
as the vesico -uterine fold. The recess or pouch between the bladder and the 
uterus is named the vesico-uterine excavation. 

The intestinal or posterior surface is convex transversely, and is covered 
by peritoneum, which is continued downwards on the cervix uteri and the 
upper part of the vagina. It is in relation with the sigmoid colon, from which 
it is usually separated by some coils of small intestine. 

The fundus is convex in all directions, and covered by peritoneum continuous 
with that on the vesical and intestinal surfaces. Some coils of small intestine, 
aad occasionally the distended sigmoid colon rest on it. 

The lateral margins are slightly convex. At the upper end of each the 
uterine tube pierces the uterine wall. Below and in front of this point the 
round ligament of the uterus is fixed ; below and behind it the ligament of 
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the ovary is attached. These three structures lie within a fold of peritoneum, 
named the broad ligament, which is reflected from the margin of the uterus to 
the wall of the pelvis.. 

Cervix.— The cervix is the lower constricted segment of the uterus. It is 
somewhat conical in shape, with its truncated apex directed downwards and 
backwards, but is slightly wider in the 
middle than above or below. Owin®* to 
its relationships it is less freely movable 
than the body, so that its long axis is 
seldom in the same straight line as that 
of the body. The long axis of the uterus as 
a whole presents the form of a curved 
line with its concavity forwards, or in 
extreme cases there may be an angular 
bend at the region of the isthmus uteri. 

The cervix projects through the anterior 
wall of the vagina, which divides it into 
an upper, supravaginal portion, and a 
lower, vaginal portion. 

The supravaginal portion is separated 
in front from the bladder by cellular tissue 
( parametrium ), which extends also on to 
the sides of the cervix, and lateralwards 
between the layers of the broad ligaments. 

The uterine arteries reach the margins 
of the cervix in this fibrous tissue, while 
on either side the ureter runs downwards and forwards in it at a distance of 
about 2 cm. from the cervix. Posteriorly , the supravaginal cervix is covered by 
peritoneum, which is prolonged below- on to the posterior vaginal wall, whence 
it is reflected to the rectum, forming the recto-uterine excavation (p. 1138). 
It is in relation with the rectum, from which it may he separated by coils 
of small intestine. 

The vaginal portion of the cervix projects into the anterior wall of the 
vagina -between the vaginal fornices (p. 1237). On its projecting rounded 
extremity is a small, depressed, somewhat circular aperture, the external orifice 
of the uterus , through which the cavity of the cervix communicates with that 
of the vagina. The external orifice is bounded by tw r o bps, an anterior and a 
posterior, of which the anterior is the shorter and thicker, although, on account 
of the slope of the cervix, it projects low r er than the posterior. Normally both 
lips are in contact with the posterior vaginal wall. 

Interior of the uterus (fig. 1190).— The cavity of the uterus is small 
in comparison with the size of the organ. 

The cavity of the body is a mere slit, flattened from before backwards. 
It is triangular in shape, the base being formed by the internal surface of the 
fundus between the orifices of the uterine tubes, the apex by the internal 
orifice of the uterus ; through this orifice the cavity of the body communicates 
with the canal of the cervix. 

The canal of the cervix is somewhat fusiform, flattened from before 
backwards, and broader at the middle than at the ends. It communicates 
above, through the internal orifice, with the cavity of the body, and below, 
through the external orifice, with the vaginal cavity. The wall of the canal 
presents an anterior and a posterior longitudinal ridge, from each of which 
a number of small oblique columns, the palmate folds , proceed, giving the 
appearance of branches from the stem of a tree ; to this arrangement the 
name arbor vitce uteri is applied. The folds on the two w-alls are not opposed, 
but fit between one another so as to close the cervical canal. 

The total length of the uterine cavity from the external orifice to the fundus 

is about 6 cm. . T . 

Ligaments —The ligaments of the uterus are eight in number : an anterior ; 
a posterior ; two lateral or broad ; two uterosacral ; and two round. 

The anterior ligament consists of the vesico -uterine fold of peritoneum, 
which is reflected on to the bladder from the front of the uterus, at the junction 
of the cervix and body. 


Fig. 1190. — The posterior half of the 
uterus and upper part of the 
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The posterior ligament consists of the rectovaginal fold of peritoneum, 
which is reflected from the back of the posterior fornix of the vagina on to 
the front of the rectum. It forms the bottom of a deep pouch called the recto- 
uterine excavation (pouch of Douglas), which is bounded in front by the posterior 
wall of the body of the uterus, the supravaginal portion of the cervix uteri, 
and the posterior fornix of the vagina ; behind, by the rectum ; and laterally 
by two crescentic folds of peritoneum which pass backwards from the cervix 
uteri, one on either side of the rectum to the posterior wall of the pelvis. These 
folds are named the sacrogenital or recto-uterine folds . They contain a con- 
siderable amount of fibrous tissue and non-striped muscular fibres which are 
attached to the front of the sacrum and constitute the uterosacral ligaments. 

The two lateral or broad ligaments (fig. 1183) pass from the sides of the uterus 

to the lateral walls of the 
pelvis. Together with the 
uterus they form a septum 
across the female pelvis, 
dividing that cavity into 
two portions. The anterior 
part contains the bladder ; 
the posterior part, the rec- 
tum, and in certain condi- 
tions some coils of the small 
intestine. Between the two 
layers of each broad ligament 
are : (1) the uterine tube ; 
(2) the round ligament of the 
uterus ; (3) the ovary and its 
ligament ; (4) the epoophoron 
and paroophoron ; (5) con- 
nective tissue ; (6) unstriped 
muscular fibres ; and (7) 
blood-vessels and nerves. 
The portion of the broad 
ligament which stretches 
from the uterine tube to the 
level of the ovary is named 
the mesosalpinx. Between 
the fimbriated extremity of 
the uterine tube and the lower attachment of the broad ligament is a concave 
rounded margin, called the infundibulopelvic ligament. 

The round ligaments (fig. 1188) are two narrow, flat bands between 10 cm. 
and 12 cm. long, situated between the layers of the broad ligament in front of 
and below the uterine tubes. Commencing on either side at the lateral angle of 
the uterus, each ligament is directed forwards, upwards, and lateralwards over 
the external iliac vessels. It then passes through the abdominal inguinal ring 
and along the inguinal canal to the labium majus, in which it is lost. The round 
ligaments consist principally of muscular tissue prolonged from the uterus, 

but also contain some areolar tissue, with blood-vessels, lymphatics, and 

nerves, enclosed in a duplicature of peritoneum, which, in the foetus, is pro- 
longed in the form of a tubular process (canal of Nuck) for a short distance 
into the inguinal canal. The canal of Nuck is generally obliterated in the 
adult, but sometimes remains pervious even in advanced life. It is analogous 
to the saccus vaginalis which precedes the descent of the testis. 

In addition to the ligaments just described, there is a band named the Ugamentum 
transver sale colli (Mackenrodt) on either side of the cervix uteri. It is attached to the 
side of the cervix uteri and to the vault and lateral fornix of the vagina, and is continuous 
with the fibrous tissue which surrounds the pelvic blood-vessels. 

The form, size, and situation of the uterus vary at different periods of life and under 
different circumstances. 

In the foetus the uterus projects above the superior aperture of the pelvis (fig. 1191). 
The cervix is considerably larger than the body. 

M puberty the uterus is pyriform in shape, and weighs from 14 to 17 gms. The fundus 
is just below the level of the superior aperture of the pelvis. The palmate folds are 
distinct, and extend to the upper part of the cavity. 


Tig. 1191, — A sagittal section through the pelvis of a 
new-born female child. Some coils of the small 
intestine which intervened between the uterus and 
the bladder have been removed. 
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The position of the uterus in the adult is liable to considerable variation, depending 
shiefly on the condition of the bladder and rectum. When the bladder is empty the 
entire uterus is directed forwards, and is at the same time bent on itself at the junction 
of the body and cervix, so that the body lies upon the bladder. As the latter tills, the 
uterus gradually becomes more and more erect, until with a fully distended bladder the 
fundus may be directed towards the sacrum. 

During menstruation the organ is enlarged, and more vascular, and its surfaces are 
rounder; the external orifice is rounded, its labia swollen, and the lining membrane of 
the body is thicker, softer, and of a darker colour. 

During pregnancy the uterus becomes enormously enlarged, and in the eighth month 
reaches the epigastric region. The increase in size is partly due to growth of pre-existing 
muscular fibres, and partly to development of new fibres. 

After pafturition the uterus nearly regains its usual size, weighing about 42 gm. ; but 
its cavity is larger than in the virgin state, its vessels are tortuous, and its muscular 
layers are more defined; the external orifice is more marked, and its edges present one 
or more fissures. 


Fig. 1192. — A vertical section through the mucous membrane of a human uterus. 

(Sobotta.) 
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In old aae the uterus becomes atrophied, and paler, and denser in texture; a more 
Structure.-— The uterus is composed of three coats : an external or serous, a middle o 
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arratigement, being disposed longitudinally, obliquely, and transversely ; it contains the 
larger blood-vesseis. The internal layer consists of longitudinal and circular fibres ; at 
the internal orifice the circular fibres form a sphincter. The deep ends of the uterine glands 
come into close relation with the fibres of the internal layer. 

The mucous membrane, sometimes named the endometrium (fig. 1192), is continuous* 
through the fimbriated extremities of the uterine tubes, with the peritoneum ; and, through 
the external uterine orifice, with the lining of the vagina. 

In the body of the uterus the mucous membrane is smooth, soft, of a pale red colour,, 
and lined by columnar ciliated epithelium. The structure of the corium differs from that 
of ordinary mucous membranes, and consists of an embryonic nucleated and highly cellular 
form of connective tissue in which run numerous large lymphatics. In it are many tube- 
like uterine glands, which are lined with ciliated columnar epithelium and open into the 
cavity of the uterus. They are of small size in the unimpregnated uterus, but shortly after 
impregnation become enlarged and elongated, presenting a contorted or waved appearance.* 


Fig. 1193. — The left uterine and ovarian arteries of an unmarried girl of 17-J- years. 
Posterior aspect. (From a preparation by Hamilton Drummond.) 
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In the cervix uteri the mucous membrane is raised into two median elevations, one 
on the anterior, the other on the posterior, wall of the canal ; from these median elevations 
numerous ridges (palmate folds) run upwards and lateralwards. In the upper two-thirds 
of the cervix, the mucous membrane is provided with numerous deep glandular follicles 
which secrete a clear viscid alkaline mucus ; and, in addition, extending through the whole 
length of the canal is a variable number of little cysts, presumably follicles which have 
become occluded and distended with retained secretion. They are called the ovula NabothL 
The mucous membrane covering the lower one-half of the cervical canal presents numerous 
papillee. The epithelium of the upper two-thirds is cylindrical and ciliated, but below 
this it loses its cilia, and, close to the external orifice, changes to stratified squamous. On 
the vaginal surface of the cervix the epithelium is similar to that lining the vagina, viz- 
stratified squamous. 

Vessels and Nerves. — The arteries of the uterus are the uterine branch of the hypogastric 
artery, and the ovarian branch of the abdominal aorta (fig. 1193). They are remarkable for 
their tortuous course in the substance of the organ. The termination of the ovarian artery 
meets that of the uterine artery, and forms an anastomotic trunk from which branches 
are given off to supply the xiterus. The veins are of large size, and correspond with the 
arteries. They end in the uterine venous plexuses. In the impregnated uterus the arteries 

* Arthur Thomson ( British Medical Journal , January 7th, 1922) discusses whether the 
uterine glands possess a secretory or an absorbent function" 
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? ar ^\^ e to, and the veins convey it away from, the intervillous space of the placenta 
(p. bo), lhe lymphatics are described on p. 774. The nerves are derived from the hypo- 
gastric and ovarian plexuses, and from the second, third and fourth sacral nerves. 

Applied Anatomy. A certain amount of anteversion or retroversion of the uterus 
can take place without the conditions being regarded as pathological, but when the degree 
of flexion at the junction of the body with the cervix becomes considerable it must be 
regarded as a morbid condition. This is especially true of retroversion combined with 
retroflexion. Retroversion alone is a falling back of the whole uterus, so that the cervix 
points forwards towards the os pubis; retroflexion is a bending backwards of the body, 
the cervix remaining in its normal position. The two conditions are usually combined. 
Prolapse of "the uterus is another common infirmity. The organ sinks to an abnormally 
low level in the pelvis, and sometimes- protrudes beyond the vulva. This is due to the 
supporting mechanism of the uterus being insufficient to sustain the strain thrown upon it. 

In the treatment of uterine fibroids which require operative interference, removal 
of the whole body of the uterus, together with the tumours, with or without the cervix, 
through an abdominal incision, gives the most satisfactory results. After the abdomen 
has been opened the ovarian vessels are secured (one ovary at least being left, provided 
it be healthy) and the broad ligaments are divided. It will now be found that the uterus 
can be raised out of the pelvis, and a transverse incision is made through the peritoneum, 
where it is reflected from the front of the uterus on to the back of the bladder, and this 
viscus is separated from the surface of the uterus. The uterus is now turned forwards 
and the peritoneum of the recto-uterine excavation incised transversely. The uterus is 
now almost free, and is held only by the lower part of the broad ligament on either side, 
containing the uterine artery. A ligature is made to encircle this as close to the uterus 
.as possible, the position of the ureter being always kept in mind, and, after having been 
tied, the structures are divided between the ligature and the uterus. The body of the 
uterus can now be removed by cutting it across at its junction with the cervix, or if desired 
the vaginal wall can be incised both front and back and the cervix removed together with 
the body. The peritoneum is finally sewn up carefully across the floor of the pelvis, 
with a transverse line of suture from one uterine tube to the other, so as to leave no raw 
■surface to which small intestine can adhere. 

Inflammation of the cellular tissue surrounding the cervix occasionally takes place. 
Laceration of the cervix by instruments or by the foetal head frequently occurs, opening 
up the cellular planes and so exposing them to any infection that may be present. An 
inflammatory mass forms in the cellular tissue between the layers of the broad ligament 
•or of the uterosacral ligaments, and the condition is termed pelvic cellulitis , or para- 
metritis. This condition is usually confined to one side of the pelvis, forming a large 
Inflammatory mass which pushes the uterus over to the opposite side. It does not always 
remain localised, however, but may spread widely, surrounding the rectum or the neck of 
-the bladder, or mounting into the iliac fossa, or even to the perinephric cellular tissue. 
The condition may resolve or an abscess may form. In the former condition the cicatrisa- 
tion of the inflammatory products produces displacements of the uterus towards the 
affected side of the pelvis, or may result in stricture of the rectum when that viscus has 
been surrounded by the process. When suppuration ensues, the pus may burst into the 
'bladder, vagina, or rectum, or it may present above the inguinal ligament, or it may 
mount to the anterior abdominal wall in front of the bladder or to the posterior abdominal 
wall between the iliac crest and last rib. The abscess may, moreover, make its way into 
the buttock by passing out of the pelvis through the greater sciatic foramen, or.it may 
pass down between the fibres of the Levator ani and appear as a secondary ischiorectal 
abscess. 


The Vagina (fig. 1189) 

The vagina is a canal which extends from the vestibule or cleft between 
The labia minora to the uterus, and is situated behind the bladder and in front 
of the rectum ; it is directed upwards and backwards, its axis forming with 
That of the uterus an angle of over ninety degrees, opening forwards, but the 
angle -varies with the conditions of the bladder and rectum. Its walls are 
ordinarily in contact, and the usual shape of its lower part on transverse section 
is that of an H, the transverse limb being slightly curved forwards ox back- 
wards, while the lateral limbs are somewhat convex towards the median line ; 
its middle part has the appearance of a transverse slit. Its length is 7*5 cm. 
along its anterior wall, and 9 cm. along its posterior wall ,* its width gradually 
increases from below upwards. Its upper end surrounds the vaginal portion 
of the cervix uteri, a short distance from the external orifice of the uterus, its 
attachment extending higher on the posterior than on the anterior wall of the 
uterus. To the recess behind the cervix uteri the term posterior fornix is applied, 
while the smaller recesses at the sides and in front are called the lateral and 
anterior fomices. 
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The anterior wall of the vagina is in relation with the fundus of the bladder, 
and with the urethra. Its 'posterior wall is separated from the rectum by the 
recto-uterine excavation in its upper one-fourth, and by some connective 
tissue in its middle two-fourths ; the lower one-fourth is separated from the 
anal canal by a mass of muscular and fibrous tissue, named the perinceal body. 
Its sides are enclosed between the Levatores ani muscles. As the terminal 
portions of the ureters pass forwards and medialwards to reach the fundus of 
the bladder, they run close to the lateral fornices of the vagina, and as they 
enter the bladder are usually placed in front of the vagina (p. 1201*). 

Structure. — The vagina consists of an internal mucous lining and a muscular coat, 
separated by a layer of erectile tissue. 

The mucous membrane is firmly fixed to the muscular coat ; on its free surface there are 
two longitudinal ridges, one on the anterior and the other on the posterior wall of the vagina. 
These ridges are called the columns of the vagina, and from them numerous transverse ridges 
or rugse extend lateralwards on either side. These rugae are divided by furrows of variable 
depth, giving to the mucous membrane the appearance of being studded over with conical 
projections or papillae ; they are most numerous near the orifice of the vagina, especially 
before parturition. The epithelium of the mucous membrane is of the stratified squamous 
variety. The mucous coat contains a number of mucous crypts, but no true glands. 

The muscular coat consists of two layers : an external longitudinal, which is by far the 
stronger, and an internal circular layer. The longitudinal fibres are continuous with the 
superficial muscular fibres of the uterus. The strongest fasciculi are those attached to 
the rectovesical fascia on either side. The two layers are not distinctly separable from 
each other, but are connected by oblique decussating fasciculi, which pass from the one 
layer to the other. In addition to this, the lower end of the vagina is surrounded by a 
band of striped muscular fibres, the BuTbocavernosus (Sphincter vaginae) (p. 491). 

External to the muscular coat is a layer of connective tissue, containing a large plexus 
of blood-vessels. 

The erectile tissue is situated between the mucous membrane and the muscular coat ; 
it consists of a layer of loose connective tissue, imbedded in which is a plexus of large 
veins, and numerous bundles of unstriped muscular fibres, derived from the circular 
muscular layer. The arrangement of the veins is similar to that found in other erectile 
tissues. 

Vessels and Nerves. — The arteries of the vagina are derived from the vaginal, uterine, 
internal pudendal, and middle hsemorrhoidal branches of the hypogastric arteries. The 
veins form plexuses at the sides of the vagina, and these plexuses are drained through the 
vaginal veins into the hypogastric veins. The lymphatics are described on p. 774. The 
nerves are derived from the vaginal plexuses, and from the second, third and fourth sacral 
spinal nerves. 


The External Genital Organs of the Female (fig. 1194) 

The external genital organs of the female are : the mons pubis, 
the labia majora et minora pudendi, the clitoris, the vestibule of the vagina, the 
bulb of the vestibule, and the greater vestibular glands. The term pudendum 
or vulva , as generally applied, includes all these parts. 

The mons pubis (mons Veneris), the rounded eminence in front of the 
pubic symphysis, is formed by a collection of fatty tissue beneath the skin. 
It becomes covered with hair at the time of puberty. 

The labia majora are two prominent longitudinal cutaneous folds which 
extend downwards and backwards from the mons pubis, and form the lateral 
boundaries of a fissure or cleft, the pudendal cleft or rima , into which the vagina 
and urethra open. Each labium has two surfaces, an outer, pigmented and 
covered with crisp hairs ; and an inner, smooth and beset with large sebaceous 
follicles. Between the two surfaces there is a considerable quantity of areolar 
tissue, fat, and a tissue resembling the dartos tunic of the scrotum, besides 
vessels, nerves, and glands. The labia are thicker in front, where they form 
by their meeting the anterior labial commissure . Posteriorly they are not 
really joined, but appear to become lost in the neighbouring integument, 
ending close to, and nearly parallel with, each other ; together with the 
connecting skin between them, they form the posterior labial commissure , 
or posterior boundary of the pudendum. The interval between the posterior 
commissure and the anus, from 2*5 cm. to 3 cm. in length, constitutes the 
gynaecological perinaeum. 

The labia minora are two small cutaneous folds, situated between the labia 
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right extremity of the transverse colon are in close relationship with the liver, and abscess 
of this viscus sometimes bursts into the gut in this situation. The gall-bladder may 
become adherent to the duodenum or colon, and gall-stones may find their way into 
either, and may become impacted or may be discharged per anura. The mobility of the 
sigmoid colon renders .it more liable to become the seat of a volvulus or twist than any 
other part of the intestine. This generally occurs in patients who have been the subjects 
of habitual constipation, and in whom, therefore, the mesocolon is elongated. This 
portion of the bowel, being loaded with faeces, falls over the part below, and so gives rise 
to the twist. 

Hernia. — The two chief sites at which external hernia may take place are the inguinal 
region and the femoral canal. The description of the inguinal canal and its relations will 
be found on p. 481 and that of the femoral canal on p. 689. Some points in regard to the 
disposition of the peritoneum in these regions may, however, be recapitulated here. 

Between the upper margin of the front of the pelvis and the umbilicus, the peri- 
toneum, when viewed from behind, will be seen to be raised into five folds, with inter- 
vening depressions, by more or less prominent bands which converge to the umbilicus 
(fig. 1090). The middle umbilical ligament, situated in the middle line, is covered by a 
fold of peritoneum known as the middle umbilical fold . On either side of this a fold of 
peritoneum round the obliterated umbilical artery forms the lateral umbilical fold . To 
either side of these three cords is the inferior epigastric artery covered by the epigastric 
fold. Between these raised folds are depressions constituting the so-called foveas. The 
most medial, between the middle and lateral umbilical folds, is known as the supravesical 
fovea. The intermediate one is on the medial side of the epigastric fold, and is termed 
the medial inguinal fovea . The third is lateral to the epigastric fold, and is known as 
the lateral ivgvinc.l fovea. Occasionally the inferior epigastric artery corresponds in 
position to the oi:'iu:: , n:o.'i hypogastric artery, and then there is but one fold on either side 
of the middle line. In the usual position of the parts, the floor of the lateral inguinal 
fovea corresponds to the abdominal inguinal ring, and into this fovea an oblique inguinal 
hernia descends. On the medial side of the epigastric fold are the medial inguinal and 
the supravesical' fovea, and through either of these a direct hernia may descend. The 
whole of the space between the inferior epigastric artery, the margin of the Bectus 
abdominis, and the inguinal ligament, is known as Hesselbach’s triangle. Below the 
level of the inguinal ligament is a small depression corresponding to the position of the 
femoral ring. It is known as the femoral fovea, and into it a femoral hernia descends. 

Inguinal hernia. — Inguinal hernia is that form of protrusion which makes its w T ay 
through the abdominal wall in the inguinal region. There are two principal varieties : 
lateral or oblique, and medial or direct. 

In oblique inguinal hernia the intestine escapes from the abdominal cavity at the 
abdominal inguinal ring, pushing beforeit a pouch of peritoneum which forms the hernial 
sac. As it enters the inguinal canal it receives an investment from the extraperitoneal 
tissue and is enclosed in the inf undibuliform fascia. In passing along the inguinal canal 
it displaces upwards the arched fibres of the Trans versus and Obliquus internus, and 
receives a covering of Cremaster muscle and cremasteric fascia. It then passes along 
the front of the spermatic cord and escapes from the inguinal canal at the subcutaneous 
inguinal ring, becoming invested by intercrura! Jascia. Lastly it descends into the 
scrotum, receiving coverings from the superficial fascia and t&^slgin. 

The seat of stricture in oblique inguinal hernia is either the abdominal or the sub- 
cutaneous inguinal ring; most frequently at the former situation. If it is situated at 
the subcutaneous ring, the division of a few fibres at one point of the circumference is 
all that is necessary for the replacement of the hernia. If at the abdominal ring, it is 
necessary to divide the aponeurosis of the Obliquus externus so as to lay open the inguinal 
■canal ; in dividing the aponeurosis the incision should be directed parallel to the inguinal 
ligament, and the constriction at the abdominal ring should then be divided directly 
upwards. 

When the intestine passes along the inguinal canal and escapes from the sub- 
cutaneous ring into the scrotum, it is called a scrotal hernia. If the intestine does not 
pass into the scrotum, but merely bulges through the subcutaneous ring, it is called a 
bubonocele. 

The great majority of varieties of oblique inguinal hernia depend upon congenital 
■defects in the saccus vaginalis, the pouch of peritoneum which precedes the descent of 
•the testis. Normally this pouch is closed before birth, closure commencing at two points, 
viz. at the abdominal inguinal ring and at the top of the epididymis, and gradually extend- 
ing until the whole of the intervening portion is converted into a fibrous cord. From 
failure in the completion of this process, variations in the relation of the hernial protru- 
sion to the testis and tunica vaginalis are produced ; these constitute distinct varieties 
cf inguinal hernia, viz. the hernia of the funicular process and the complete congenital 
variety. 

Where the saccus vaginalis remains patent throughout, the cavity of the tunica vagi- 
nalis communicates directly with that of the peritoneum. The intestine descends along 
•this pouch into the cavity of the tunica vaginalis, which constitutes the sac of the hernia, 
and the gut lies in contact with the testis. Though this form of hernia is termed complete 
•congenital (fig. 113 ), the term does not imply that the hernia existed at birth, 
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The external urethral orifice is placed about 2*5 cm. 'behind the glans 
elitoridis and immediately in front of the orifice of the vagina : it usually 
assumes the form of a short, sagittal cleft with slightly raised margins. 

The bulb of the vestibule is the homologue of the urethral bulb and 
adjoining part of the corpus cavernosum urethrse of the male, and consists of 
two elongated masses of erectile tissue, placed one on either side of the vaginal 
orifice and united to each other in front by a narrow median band termed the 
pars intermedia. Each lateral mass measures about 3 cm. in length. Their 
posterior ends are expanded and are in contact with the greater vestibular 
glands ; their anterior ends are tapered and joined to one another by the pars 
intermedia ; their deep surfaces are in contact with the inferior fascia of the 
urogenital diaphragm ; superficially they are covered by the Bulbocavernosus. 

The greater vestibular glands (glands of Bartholin) are the homologues 
of the bulbo-urethral glands in the male. They consist of two small, round 
or oval bodies of a reddish-yellow colour, situated one on either side of the 
vaginal orifice, in contact with the posterior end of each lateral mass of the bulb 
of the vestibule. Each gland opens by means of a duct, about 2 cm. long, 
immediately lateral to the hymen, in the groove between its attached border 
and the labium minus. 


The Mammje 

The mammas or breasts secrete the milk, and are accessory glands of the 
generative system. They exist in the male as well as in the female, but in 
the former only in the rudimentary state. In the female they are two large 
hemispherical eminences lying within the superficial fascia on the front and 


Fig. 1195. — A dissection of the lower half of the mamma during the period of 
lactation. (Luschka.) 



sides of the chest ; each extends from the second rib above to the sixth rib 
below, and from the side of the sternum to near the mid-axillary fine. In 
weight and size they differ at different periods of life, and in different individuals. 
Before puberty they are small, but they enlarge as the generative organs 
become more completely developed. They increase during pregnancy, and 
especially after delivery, and become atrophied in old age. The deep surface 
of each is nearly circular, flattened, or slightly concave, and has its long diameter 
directed upwards and lateralwards towards the axilla ; it is separated from 
the fascia covering the Pectoralis major, Serratus anterior, and Obliquus externus 
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abdominis by loose connective tissue. The subcutaneous surface of the mamma 
is convex, and presents, just below the centre, a small conical prominence, 
the papilla. 


The mammary papilla or nipple 
is a cylindrical or conical eminence 
situated about the level of the fourth 
intercostal space. It is capable of 
undergoing a sort of erection from 
mechanical excitement, a change 
mainly due to the contraction of its 
muscular fibres. It is of a pink or 
brownish hue, its surface wrinkled 
and provided with secondary papillse ; 
and it is perforated by from fifteen 
to twenty orifices, the apertures of 
the lactif erou s ducts . The base of the 
mammary papilla is encircled by a 
coloured area of skin called the areola. 
In the virgin the areola is of a 
delicate rosy hue ; about the second 
month after impregnation it enlarges 
and acquires a darker tinge, and as 
pregnancy advances it may assume 
a dark brown, or even black colour. 
This colour diminishes as soon as 
lactation is over, but is never entirely 
lost. These changes in the colour of 
the areola are of importance in form- 
ing a conclusion in a case of suspected 
first pregnancy. Near the base of 
the papilla, and upon the surface of 
the areola, are numerous sebaceous 
glands, the areolar glands , which be- 
come much enlarged during lacta- 
tion and present the appearance of 
small tubercles beneath the skin ; 
they secrete a peculiar fatty sub- 
stance, which serves as a protection 
to the skin of the papilla. The mam- 
mary papilla consists of numerous 
vessels, intermixed with plain mus- 
cular fibres, which are principally 
arranged in a circular manner around 
the base, but a few fibres radiate 
from base to apex. 

Structure (figs. 1195 to 1197).— The 
mamma consists (a) of gland- tussue ; (b) 
of fibrous tissue, connecting its lobes ; 
and (c) of fatty tissue in the intervals 
between the lobes. The subcutaneous 
tissue encloses the mamma and sends 
"numerous septa into it to support its 
various 'lobules. From that part of the 
fascia which covers the mamma fibrous 
processes pass forwards to the skin and 
the mammary papilla; these are named 
by Sir A. Cooper the ligamenta suspensorict. 
The gland- tissue is of a pale reddish colour, 
firm in texture, and forms a lobulated 
mass which is flattened from before back- 
wards and thicker in the centre than at 
the circumference. It consists of numerous 
lobes, and these are composed of lobules, 
-connected together by areolar tissue, blood- 
vessels, and ducts. The smallest lobules 


Fig. 1196. — Horizontal section of the mam- 
mary gland at the level of the nipple in 
a multiparous female, aged forty years. 
(Stiles.) (From Quain’s Anatomy, vol. iii. 

part iv.) 



D. lactiferous tubule ; L.C. ligament of Cooper; M.S. 
Ampulla of lactiferous tubule; N. mammary papillae or 
nipple; P.M. Pectoralis major; P.P. peripheral pro- 
cesses; F?.MLF. retromammary fat; S. shin. 
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consist of a cluster of rounded alveoli which open into the smallest branches of the 
lactiferous ducts ; these branches unite to form larger ducts which end in the excretory 
ducts or tubuli lactiferi. The tubuli lactiferi vary from fifteen to twenty in number ; they 
converge towards the areola, beneath which they form dilatations, or ampullae , which 

serve as reservoirs for the milk. At 
the base of the papilla they become- 
contracted, and pursue a straight 
course to its summit, perforating it 
by separate orifices considerably 
narrower than the ducts themselves. 
The ducts are composed of areolar 
tissue containing longitudinal and 
transverse elastic fibres ,* they are 
lined by columnar epithelium resting 
on a basement-membrane. The epi- 
thelium of the alveoli differs accord- 
ing to the state of activity of the 
organ. In the gland of a woman 
who is not pregnant or suckling, the 
alveoli are very small and solid, being 
filled with a mass of granular poly- 
hedral cells. During pregnancy the 
alveoli enlarge, and the cells undergo- 
rapid multiplication. At the com- 
mencement of lactation, the cells in 
the centre of the alveolus undergo fatty degeneration, and are eliminated in the first milk, 
as colostrum corpuscles. The peripheral cells of the alveolus remain, and form a single- 
layer of granular, short columnar cells, with spherical nuclei, lining the basement- 
membrane. When the gland is active, oil globules are found in the alveolar cells and are 
discharged into the lumen, constituting the milk-globules. When the acini are distended 
by the accumulation of the secretion the lining epithelium becomes flattened. 

The fibrous tissue invests the entire surface of the mamma, and sends down septa, 
between its lobes, connecting them together. 

The fatty tissue covers the surface of the gland, and occupies the interval between its 
lobes. It usually exists in considerable abundance, and determines the form and size of 
the gland. There is no fat immediately beneath the areola and papilla. 

Vessels and Nerves. — The arteries supplying the mamma are derived from the 
thoracic branches of the axillary artery, and from the internal mammary and intercostal 
arteries. The veins describe an anastomotic circle round the base of the papilla, called 
by Haller the circulus venosus. From this circle, branches transmit the blood to the circum- 
ference of the gland, and end in the axillary and internal mammary veins. The lymphatics 
are described on p. 777. The nerves are derived from the anterior and lateral cutaneous 
branches of the fourth, fifth, and sixth thoracic nerves. 

Applied Anatomy . — The ducts descending from the mammary papilla radiate through* 
the gland, and when an incision is made into the breast the scalpel should be directed 
radially, from the centre to the periphery, so that it may not pass across the ducts. A 
milk duct may become obstructed and distended, forming a tumour known as a galac - 
tocele . Abscess frequently occurs about the mamma, more often in women who are lactating, 
especially in those who have cracks or fissures about the papilla. The abscess may be 
between the septa, in the gland-tissue itself, or it may lie beneath the skin by the side of 
the papilla and superficial to the mamma, or it may form beneath the mamma, between it 
and the deep fascia. Free incision, radiating from the papilla, is required in such cases. 

Cystic formation of many different kinds is commonly seen in the mamma ; in some 
cases it is due to dilatation of the larger ducts or of the lymph-spaces throughout the gland ; 
in others the cysts occur in new growths of the mamma, or as the result of obstruction of 
the smaller ducts by chronic inflammatory processes. 

Malignant growths are seen more often in the mamma than in any other organ ; they 
are of great variety, but the commonest is the spheroidal-celled cancer, the cells of which 
are intermingled with a varying amount of fibrous tissue. A hard contracting tumour- 
mass results, which drags on t ho fibrous septa between the lobes so that fixation or retraction 
of the papilla ensues, and sooner or later the malignant infiltration invades the surrounding 
gland-tissues, the skin, the deep fascia and Pectorales, and even the chest- wall and pleura. 
The lymph-glands beneath the Pectorales and those situated towards the apex of the 
axilla become early involved with secondary malignant deposit, and later the supraclavicular' 
glands enlarge. In other cases the mediastinal glands may be involved, when the disease 
is situated on the medial side of the papilla. 

The operation for removal of a mamma affected with malignant disease should be- 
an extensive procedure, with the object of extirpating all fascial planes and lymphatic 
structures that may become infected. The incision commences below, over the upper- 
part of the sheath of the Rectus, encloses the mamma by an ellipse, and is then continued 
on towards the apex of the axilla. The loss of blood can be diminished by planning the 


Fig, 1197 . — A section through a portion of 
the mamma. 
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operation so as to ligature the branches of the axillary artery near their orhjins, and the 
perforating branches of the internal mammary as they come through the intercostal muscles. 
This is done by first clearing the axillary vein and ligaturing the subscapular, the lateral 
thoracic, and the thoraco-acromial arteries as they appear" The pectoral is ma jor and 
minor are divided close to their insertions, and turned mediahvards so as to expose 
the perforating aiteries as they come through the intercostal muscles before entering the 
pectoral muscle. The reflection of the skin, which has not vet been completed, and the 
removal oi the pectoralis major now give rise to very little bleeding. The' wound is them 
closed, drainage is provided, and firm pressure is applied with the dressings. It will be 
noted that the clavicular portion of the Pectoralis major is left intact, as it is of con- 
siderable service for the subsequent movements of the arm, the utility of which is but slight iv 
impaired. 


THE DUCTLESS GLANDS * 


The ductless glands are distinguished from other glands by the fact 
that they have no ducts, the products of their activity being discharged into 
the blood either directly, or indirectly through the lymphatic vessels. Each 
of these glands produces an internal secretion which contains one or more active 
substances or hormones ,f and is distributed to other organs and tissues by the 
blood-stream. In some of the other glands of the body, groups of cells are 
present which exhibit all the characteristics of the ductless glands, i.e. their 
secretions are not discharged through the gland-ducts but are carried off in 
the blood-vessels or lymphatics ; important examples of these are the cell-islets 
of the pancreas (p. 1180), the interstitial cells of the testes (p. 1212) and ovaries 
(p. 1226), and the glands of the stomach (p. 1151) and duodenum (p. 1160). 

The products of the ductless glands differ so greatly from one another 
that, with the exception of the chromaffin group, it is impossible to classify 
them physiologically. For descriptive purposes, however, they may be grouped 
according to the systems from which they mainly originate, thus : 

1. Developed chiefly from the digestive tube. 

Thyreoid gland. 

Parathyreoid glands. 

Thymus. 

2 Developed chiefly from the neural tube. 

(a) From the brain. 

Pineal body (p 836). 

Hypophysis (p. 838). 

/Posterior lobe from neural tube. 

1 Anterior lobe from buccal ectoderm . 

(b) From the sympathetic system. 

Paraganglia. 

Suprarenal glands. 

/Medulla from sympathetic system. 

\ Cortex from ccelomic epithelium. 

3. Developed chiefly from the vascular system. 

Lymph and hsemolymph glands. 

Glomus eoeeygeum. 

Spleen (partly from coelomie epithelium). 


The Thyreoid Gland (fig. 1198) 

The thyreoid gland is a highly vascular organ, situated at the front and 
sides of the lower part of the neck, opposite the fifth, sixth and seventh cervical 
vertebrae. It is ensheathed by the pretracheal layer of the fascia colli, and 

*The term “endocrine organs 5 ’ is commonly used to designate glands and tissues which 
produce internal secretions. 

f Sharpey Schafer proposes the term “ autacoid substances , 55 and divides them into hormones 
or excitatory secretions and chalones or inhibitory secretions. 
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consists of right and left lobes connected across the middle line by a narrow 
portion, the isthmus . Its weight is somewhat variable, but is usually about 
30 gm, It is slightly heavier in the female, in whom it becomes enlarged 
during menstruation and pregnancy. 

The lobes are conical in shape, the apex of each being directed upwards 
-and lateralwards as far as the junction of the middle with the lower one- 
third of the thyreoid cartilage ; the base is on a level with the fifth or 


Fig. 1198. — Dissection of the lower part of the neck, and the upper part of 
the thorax. Anterior aspect. 
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sixth tracheal ring. Each lobe is about 5 cm. long ; its greatest width is 
about 3 cm., and its thickness about 2 cm. The lateral or superficial -surface 
is convex, and covered by the skin, the superficial and deep fascise, the 
Sternocleidomastoideus, the superior belly of the Omohyoideus, the Sterno- 
hyoideus and Sternothyreoideus, and beneath the last muscle by the pretracheal 
layer of the deep fascia, which forms a capsule for the gland. The medial 
surface is moulded over the thyreoid and cricoid cartilages, the trachea, the 
Constrictor pharyngis inferior and posterior part of the Cricothyreoideus, 
the oesophagus^ (particularly on the left side of the neck), the superior and 
inferior thyreoid arteries, and the recurrent nerve. The posterior surface 
overlaps the common carotid artery, and, as a rule, the parathyreoid glands. 
The anterior border is thin, and inclines obliquely from above downwards 
towards the middle line of the neck. 
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The isthmus connects together the lower parts of the two lobes ; it measures 
about 1 ‘25 cm. transversely, and the same vertically, and usually covers the 
second, third and fourth rings, of the trachea. Its situation and size present, 
however, many variations. It is covered by the skin and fascia, and close to the 
middle Ime, on either side, by the Sternothyreoideus . Across its upper border 
runs an anastomotic branch muting the two superior thyreoid arteries ; at 
its lower border are the inferior thyreoid veins. Sometimes the isthmus is 
altogether wanting. 

A third lobe, of conical shape, called the ‘pyramidal lobe , frequently extends 
from the upper part of the isthmus, or from the adjacent portion of either 
lobe, but most commonly the left, to the hyoid bone. It is occasionally quite 
detached, or may be divided into two or more parts. 

A fibrous or muscular band is sometimes found attached, above, to the 
body of the hyoid bone, and below, to the isthmus of the gland, or its pyramidal 
lobe ; when muscular, it is termed the Levator glandules thyreoidem. 

Small detached portions of thyreoid tissue are sometimes found in the 
vicinity of the lateral lobes or above the isthmus ; they are called accessory 
thyreoid glands. 


Fig. 1199. — A section through the thyreoid gland of a 
sheep, x 160. 
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Structure.— The thyreoid gland is closely invested by a thin capsule of connective tissue, 
which sends incomplete septa into its substance, dividing it into masses of irregular form 
and size.. The gland is of a brownish-red colour, and is made up of a number of closed 
vesicles, just visible to the naked eye, containing a yellow glairy fluid, and separated from 
each other by intermediate connective tissue 'He. 1199b 

The vesicles of the thyreoid of the aduli a*v closed spherical sacs; but in 

some young animals (e.g. dogs) they are more or less tubular and branched. Each is lined 
by a single layer of cubical epithe- 
lium. There does not appear to 
be a basement-membrane, so that 
the epithelial cells are in direct 
contact with the connective tissue 
reticulum. The vesicles are of 
various sizes, and contain a viscid, 
homogeneous, semi-fluid, slightly 
yellowish, colloid material ; red 
blood- corpuscles are found in vari- 
ous stages of disintegration and 
decolorisatioh, the yellow tinge 
being probably due to haemo- 
globin, which is set free from the 
corpuscles. The colloid material 
contains an iodine compound, 
iodothyrin , and, when coagulated 
by hardening reagents, is readily 
stained by eosin and other dyes. 

It passes out between the cubical 
cells and is absorbed into the blood 
or lymph. 

Vessels and Nerves. — The 

arteries supplying the thyreoid gland are the superior and inferior thyreoid arteries ; 
sometimes there is an additional branch (a. thyreoidea ima) from the innominate artery 
or the arch of the aorta, which ascends upon the front of the trachea. The arteries are- 
remarkable for their large size and frequent anastomoses. The veins form a plexus on the 
surface of the gland and on the front of the trachea ; from, this plexus the superior, 
middle, and inferior thyreoid veins arise ; the superior and middle end in the internal 
jugular vein, the inferior in the innominate vein. The capillary blood-vessels form 
a dense plexus in the connective tissue around the vesicles, between the epithelium of 
the vesicles and the endothelium of the lymphatics which surround a greater or smaller 
part of the circumference of the vesicle. The lymphatic vessels run in the interlobular 
connective tissue, not uncommonly surrounding the arteries which they accompany 
and communicate with a network in the capsule of the gland ; they may contain colloid 
material. They end in the thoracic duct and the right lymphatic trunk. # The nerves are 
derived from the middle and inferior cervical ganglia of the sympathetic. 

Applied Anatomy .— The secretion of the thyreoid gland has a profound influence over 
metabolic processes generally, and exercises its effects on the whole autonomic nervous 

system,^ ^ ^ ig conge mtally absent, or has undergone atrophy in early life, the 

physical and mental development of the body is greatly interfered with, and a form of 
dwarfism with mental deficiency, named cretinism, results. If, during adult life, atrophy 
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of the gland occurs, or the whole gland be removed by operation the r condition known as 
myxoedema is brought about ; this is characterised by marked apathy, dulling of all the 
bodily and mental functions, and the deposit of mucoid material in the subcutaneous tissues. 

The effects of hyperactivity of the gland are well seen in exophthalmic goitre, a con- 
dition in which the outstanding symptoms are enlargement of the thyreoid gland, per- 
sistent tachycardia, tremor, and exophthalmos (protrusion of the eyeballs). Any enlarge- 
ment of the thyreoid gland is called a goitre. The swelling may take the form of a diffuse 
hypertrophy of the whole gland, giving rise to the parenchymatous goitre , this being mainly 
due to the hypertrophy of the thyreoid follicles themselves ; in other cases a fibroid form 
of goitre is produced owing to the increase in the interstitial connective tissue ; in others, 
-again, the vascular changes may preponderate, and many large pulsating vessels may be 
present. Much more commonly, however, the enlargement is due to adenomatous new 
growth in the substance of the thyreoid ; these tumours are usually innocent, and tend 
to destroy life only by pressure on the air-passages. A single tumour is the rule, but in 
some instances a very large number may be present. They tend to show marked mucoid 
degeneration, and so become converted into cystadenomata, and finally into what appear 
to be simple cysts. These tumours may attain an enormous size and may involve practically 
the whole gland. Malignant tumour-growth more rarely attacks the organ. 

When a goitre continues to grow, and especially when there are commencing symptoms 
of tracheal pressure, operative interference becomes necessary. This is not difficult, if an 
encapsuled tumour is to he dealt -with, provided the anatomical layers covering it are 
remembered. In such a case it is necessary to make an incision suited to the size and 
situation of the tumour, and having divided- the deep cervical fascia, to retract the Sterno- 
cleidomastoideus or divide it if necessary. The Sternohyoideus and Sternothyreoideus 
next require division, or in some cases their fibres may be separated and drawn asunder, 
and beneath is found the ensheathing capsule derived from the pretracheal fascia ; th is 
requires division, and exposes the true capsule of the thyreoid gland. In the case of an 
adenoma or cyst, this true capsule then needs incision before the tumour can be effectually 
shelled out, and this is usually accomplished with very little haemorrhage, and without 
.any of the main vessels of the gland requiring ligature. 

Partial extirpation of the thyreoid, viz. the removal of one lateral lobe with division 
•of the isthmus, may be required in cases of parenchymatous goitre, and in the diffuse form 
•of adenomatous disease. It is a more radical proceeding, and carries with it a much greater 
-risk from haemorrhage ; there is also a danger of wounding the recurrent nerve. The whole 

gland must never be removed, as 
such a procedure is followed by 
the development of myxoedema. 
In hemithyreoidectomy a free inci- 
sion is indicated — dividing muscles, 
if necessary — to expose the true 
gland capsule, but at the same 
time avoiding injury to the large 
vessels which lie beneath it. The 
superior and inferior pedicles con- 
taining the respective thyreoid 
arteries are then isolated and 
clamped on either side and divided 
between the clamps. The half 
gland is then turned over towards 
the middle line, and the isthmus 
ligatured and divided. Some 
venous bleeding is apt to occur 
from connexions with the tracheal 
veins, and must be stopped. The 
pedicles are then securely ligatured 
and the wound closed. In dealing 
with the inferior thyreoid artery, 
the position of the recurrent nerve 
must be borne in mind, sq as not 
to ligature or divide it. Temporary 
aphonia not uncommonly follows 
from bruising of the nerve, and if 
nothing more serious has occurred 
soon passes off. 


The Pabathyreoid Glands 

The parathyreoid glands 
(fig. 1200) are small brownish- 
xed bodies, situated as a rule between the posterior borders of the lateral lobes of 
ihe thyreoid gland and its capsule. They measure on an average about 6 mm. 


Fig. 1200. — The parathyreoid glands. Posterior 
aspect. . 
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in length, and from 3 mm. to 4 mm. in breadth, and usually present the appear- 
ance of flattened oval discs. They are divided, according to their situation, 
into superior and inferior. The superior, usually two in number, are the more 
constant in position, and are situated one on either side, at the level of the 
lower border of the cricoid cartilage, behind the junction of the pharynx and 
oesophagus. The inferior, also usually two in number, may be applied to the 
lower edge of the lateral lobes of the thyreoid gland, or placed at some little 
distance below the thyreoid gland, or found in relation to one of the inferior 
thyreoid veins.* 

In man, they number four as a rule ; fewer than four were found in less 
than 1 per cent, of over a thousand persons (Pepere f), but more than four in 
over 33 per cent, of 122 bodies examined by Civalleri. In addition, numerous 
minute islands of parathyreoid tissue may be found scattered in the connective 
tissue and fat of the neck romid the parathyreoid glands proper, and quite 
distinct from them. 


Structure. — Microscopically the parathyreoid glands consist of intercommunicating 
columns of cells supported by connective tissue containing a rich supply of blood-capillaries 
(sinusoids). Most of the cells are clear, but some, larger in size, contain oxyphil granules 
(fig. 1201). Vesicles containing colloid are sometimes found. 


Pig. 1201. — A section of a human parathyreoid gland. Stained with 
hsemotoxylin and eosin. x 400. 



Applied Anatomy . — No doubt the parathyreoid glands produce an internal secretion 
essential to the well-being of the human economy ; but it is still a matter of dispute what 
symptoms of disease are produced by their removal and. suppression of their secretion. 
Pepere believes that they show signs of exceptional activity during pregnancy and that 
parathyreoid insufficiency is a main factor in the production of tetany in infants and adults, 
of eclampsia, and of certain sorts of fits. 


The Thymus (fig. 1202) 

The thymus increases in size until the age of puberty,, after which it dwindles 
and undergoes a gradual involution. Hammar maintains that it may persist 
and function even in advanced life. If examined when its growth is most active, 

* Consult an article by D. A. Welsh, Journal of Anatomy and Physiology , vol. xxxil 
f Consult Le Ghiandole paraiiroidee, by A. Pepere, Turin, 1906. 
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it will be found to consist of two lateral lobes placed in close' contact along the 
middle line, situated partly in the thorax, partly in the neck, and extending 

from the fourth costal carti- 
lage upwards, as high as the 
Fig. 1202. — -The thymus of a full-time foetus. low T er border of the thyreoid 

Exposed m situ. gland. It is covered by the 

sternum, and by the origins 
of the Sternohyoidei and 
Sternothyreoidei. Below, it 
rests upon the pericardium, 
being separated - from the 
aortic arch and great vessels 
by a layer of fascia. In the 
neck it lies on the front and 
sides of the trachea, behind 
the Sternohyoidei and Sterno- 
thyreoidei. The two lobes 
generally differ in size ; they 
are occasionally united by 
connective tissue, so as to 
form a single mass ; some- 
times they are separated by 
an intermediate lobe. The 
thymus is of a pinkish-grey 
colour, soft, and tabulated on 
its surfaces. At birth it weighs about 13 gm., and at puberty between 35 and 
40 gm. ; it is heavier in the male than in the female. 

Structure. — Each lateral lobe is composed of numerous lobules bold together by delicate 
areolar tissue; the entire gland being enclosed in an investing capsule of a similar but 
denser structure. The primary lobules vary in size and are made up of a number of small 
nodules or follicles, which are irregular in shape and are more or less fused together. 



Fig. 1203. — A, A section through a follicle of the thymus of a kitten, x 60 ; 
B, a corpuscle of Hassall. x 350. Stained with picrocarmine. 


Cortex 



Corpuscle of 

Hassall 

Medulla 
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especially towards the interior of the gland. Each follicle (fig. 1203 a) is from 1 mm. to 
% mm. in diameter and consists of a cortical and a medullary portion ; it is enclosed in a 
connective tissue capsule, from which septa pass into its substance, hut do not extend as 
far as the medullary portion of the follicle. The cortical portion is mainly composed of 
lymphocytes, supported by a network of finely branched cells, which is continuous with a 
similar network in the medullary portion. This network forms an adventitia to the blood- 
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-vessels. In the medullary portion the lymphoid cells are fewer, and the reticulum is coarser 
than in the cortex ; it contains nest-like bodies, the concentric corpuscles of Hassall These 
■corpuscles are composed of a central mass, consisting of one or more granular cells, and 
of a capsule which is formed of concentrically arranged epithelioid cells (fig. 1203 b). 
Eosinophil and polymorphonuclear leucocytes are also found in the gland. 

Each follicle is surrounded by a vascular plexus, from which vessels pass into the interior, 
.and radiate from the periphery towards the centre, forming a second zone just within the 
margin of the medullary portion. In the centre of the medullary portion there are very 
few vessels, and they are of minute size. 

The cortical part begins to atrophy before the medullary part, and its decrease in size 
is mainly owing to a diminution in the number of lymphocytes. 

Vessels and Nerves. — The arteries supplying the thymus are derived from the internal 
mammary, and from the superior and inferior thyreoids. The veins end in the left in- 
nominate vein, and in the thyreoid veins. The lymphatics are described on p. 778. The 
nerves are exceedingly minute ; they are derived from the vagi and sympathetic. Branched 
■from the descendens hypoglossi and phrenic reach the investing capsule, but do not penetrate 
the substance of the gland. 

Applied Anatomy. — Sudden death — ‘ thymus death ’ — with heart-failure, and with or 
without acute respiratory embarrassment, has been recorded in a number of infants and 
children in whom the thymus was considerably enlarged, and the lymphatic tissues through- 
out the body showed general hypertrophy, but who showed no other evidence of disease. 
Such deaths have often occurred during the administration of anaesthetics, particularly 
•chloroform. How far the enlarged thymus was responsible for the death of these patients, 
and, if it was responsible, how far its action was mechanical, are points that have been 
much disputed. Short of producing this sudden death, it appears that thymic enlargement 
may cause attacks of respiratory stridor, or noisy and difficult breathing, and spasmodic 
•attacks of asthma — £ thymic asthma ’ — which may be frequently repeated and may even 
result in death. 

Primary tumours of the thymus are rare forms of mediastinal new growth, and. are 
usually sarcomas. 


The Chromaffin Organs 


It was pointed out on p. 100 that the tissue from which the sympathetic 
ganglia are formed consists of a syncytium of sympathochromaffin cells which 
are soon differentiated into (a) small sympathetic nerve-cells, and (o) large 
chromaffin cells, so named because of their affinity for chromic salts, which stain 
them a brown colour. These chromaffin cells are subsequently grouped to 
form the chromaffin organs, the chief of which are the paraganglia, and the 
medullary portions of the suprarenal glands. 

The paraganglia are found in two chief groupings : (1) as small masses ot 
chromaffin cells, placed either within the capsules of thevsympathetic ganglia 
or in close contact with them; (2) as 

small groups of chromaffin cells scattered ^ 1204.— A section through a part of a 
throughout the sympathetic plexuses, lne human glomus carotieum. (Sehaper.) 
two largest masses in this latter group Highly magnified. (From Quain s 
are the aortic bodies of Zuckerkandl and Elements of Anatomy.) 
the glomera carotica. 

The aortic bodies of Zuckerkandl are 
two small brownish-coloured bodies which 
lie one on either side of the abdominal 
aorta at the level of the origin of the 
inferior mesenteric artery, in intimate 
relationship with the abdominal aortic 
plexus of the sympathetic. They are of 
considerable size (8-10 mm. long) in the 
new-born child, and may be united to one 
another across the front of the abdominal 
aorta. After birth they gradually atrophy, 
and become invisible to the naked eye 
shortly after puberty. 



Numerous blood-vessels are seen in section 
among the gland-cells. 


Structure. — The aortic bodies consist _ of 
masses of polygonal or cubical epithelium, im- 
bedded in a wide-meshed capillary plexus. 

2k ■ . 


G.A. 
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bifurcation into the external and internal carotid trunks. 'They are reddish- 
brown in colour and oval in shape, the long diameter measuring about 5 mm. 

Structure. — Each glomus is invested by a fibrous capsule and consists largely of spherical 
or irregular masses of chromaffin cells (fig. 1204) — the masses being more or less isolated 
from one another by septa which extend inwards from the deep surface of the capsule. 
The cells are polyhedral in shape, and each contains a large nucleus imbedded in finely 
granular protoplasm. Numerous nerve-fibres, derived from the sympathetic plexus on 
the carotid artery, are distributed throughout the organ, and a network of large sinusoidal 
capillaries ramifies amongst the cells. 


The Suprarenal Glands (figs. 1205, 1206) 

The suprarenal glands are two small flattened bodies of a yellowish colour, 
situated, one on either side of the middle line, at the posterior part of the 
abdomen, behind the peritoneum, and immediately above and in front of the 

Fig. 1205. — The suprarenal glands. Anterior aspect. 
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Hepatic area 
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cava 




Right. 


Left. 


upper end of the kidney. They are surrounded by areolar tissue containing a 
considerable amount of fat. The right gland is somewhat pyramidal in shape, 
bearing a resemblance to a cocked hat ; the left is se milun ar, and is usually 
larger and placed at a higher level than the right. They measure from 30 mm. 
to 50 mm. in height ; about 30 mm. in breadth, and from 4 mm. to 6 mm. 
in thickness. The average weight of each is from 3 gm. to 4 gm. 


[ Fig. 1206. — The suprarenal glands. Posterior aspect. 



Right. 


Left. 



Relations. — The right suprarenal gland is situated behind the inferior vena 
cava and the right lobe of the liver, and in front of the Diaphragm and upper 
end of the right kidney. It is roughly triangular in shape ; its base, directed 
downwards, is in contact with the medial and anterior surfaces of the upper 
end of the right kidney. Its anterior surface looks forwards and lateralwards, 
and has two areas: a medial, narrow and non-peritoneal, which lies behind 
the inferior vena cava ; and a lateral, somewhat triangular, in contact with the 
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liver. The uppei? part of the latter surface is devoid of peritoneum, and is 
in relation with the lower and medial angle of the bare area of the liver, while 
its inferior portion may be covered by peritoneum, reflected on to it from 
the inferior layer of the coronary ligament ; occasionally the duodenum 
overlaps the inferior portion. A little below’ the apex, and near the anterior 
border of the gland, is a short furrow termed the hilum, from which the right 
suprarenal vein emerges to join the inferior vena cava. Its posterior surface 
is divided into upper and low’er parts by a curved ridge ; the upper, slightly 
convex, rests upon the Diaphragm ; the lower, concave, is in contact with the 
upper end and the adjacent part of the anterior surface of the right kidney. 

The left suprarenal gland is 


crescentic in shape, its concavity 
being adapted to the medial border 
of the upper part of the left kidney. 
Its medial border is convex, its 
lateral concave ; its upper end is 
narrow, its lower rounded. Its 
anterior surface has two areas : an 
upper, covered by the peritoneum 
of the omental bursa which separates 
it from the cardiac end of the stomach 
and sometimes from the superior 
extremity of the spleen ; and a 
lower which is not covered by 
peritoneum, but is in contact with 
the pancreas and lienal artery. 
Near the lower part of the anterior 
surface is the hilum, which is 
directed downwards and forwards. 
From it the left suprarenal vein 
emerges to join the left renal vein. 
Its posterior surface is divided into 
two areas by a ridge ; the lateral 
area rests on the kidney, the medial 
and smaller, on the left crus of the 
Diaphragm. 

Small accessory suprarenal glands 


Fig. 1207. — A section through a part of 
a suprarenal gland. ( Magnified.) 


\Zona. jatciculata 


mass 




Ganglion 


are often found in the connective # , 

tissue round the suprarenal glands ; they are sometimes present m the 
spermatic cord and epididymis, and in the broad ligament of the uterus. 


Structure.— -The suprarenal gland is closely invested by a capsule of connective tissue 
from which trabeculae pass into the substance of the gland ; the capsule may contain 
smooth muscular fibres. On section, the gland is seen to consist of two portions (ftg. l-Ui ) : 
an external, the cortex, and an internal, the medulla. The cortex constitutes the larger 
part of the organ, and is of a deep yellow colour ; the medulla is soft, pulpy, and of a dark 

red or brown colour. . T n-, + t._ 

The cortex consists of a fine connective tissue network, m which is imbedded tne 
glandular epithelium. The epithelial cells are polyhedral in shape and possess rounded 
nuclei; many of the cells contain coarse granules, others lipoid globules. Owing to the 
differences in the arrangement of the cells three distinct zones can be made out; (1) Th 
zona glomendosa, situated beneath the capsule, consists of cells arranged m rounded gioups, 
with here and there indications of an alveolar structure. (2) The zona fasaculata, .con- 
tinuous with the zona glomerulosa, is composed of columns of ceUs arranged in a ladial 
manner ; these cells contain fine granules and in many instances globules of hpoid ■ «^enaL 
(3) The zona reticularis, in contact with the medulla, consists of cylindrical columns of 
cells irregularly arranged ; these cells often contain pigment-granules which give this zone 
a darker appearance than the rest of the cortex. . . c «. 

The medulla is extremely vascular, and is composed of a mass of large fine]} gianuh r, 
chromaC cells permeated by venous sinusoids. This portion of the gland is richly 
supplied with nommedullated nerve-fibres, and here and there sympathetic ganglion cells 

^ The'mnrarenal gland is large in the foetus, owing to the great development of the inner 
Inver of the cortex ° This layer has been named the boundary zone by Elliott and Armour. 
Its^eHs contain no lipoid grLules. This zone disappear, soon after birth and is absent m 
anencephalic foetuses. 
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In connexion with the development of the medulla from the sympathochromaffin tissue, 
it is to be noted that this portion of the gland secretes a substance, adrenalin, which has 
the property of stimulating all sympathetic nerve-endings. 

Vessels and Nerves. — The arteries supplying the suprarenal glands are numerous and 
of comparatively large size ; they are derived from the aorta, and the inferior phrenic and 
renal arteries. In the cortical part of the gland they break up into capillaries which end 
in the sinusoids of the medullary portion ; the latter open into the veins near the centre 
of the medulla. 

The suprarenal vein emerges from the hilum of the gland ; that of the right gland opens 
into the inferior vena cava, that of the left into the renal vein. 

The lymphatics end in the lumbar glands. 

The nerves are exceedingly numerous, and are derived from the splanchnic nerves 
through the cceliac and renal plexuses, and, according to Bergmann, from the phrenic and 
vagus nerves. They enter the lower and medial part of the capsule, traverse the cortex, 
and end around the cells of the medulla. They have numerous small ganglia developed 
upon them in the medullary portion of the gland. 

Applied Anatomy. — The suprarenal cortex is derived from the coelomic epithelium of 
the Wolffian ridge, and is connected with the sexual glands ; it is related to growth and 
development in some way, and- is often found to be hypertrophied in patients with chronic 
kidney disease and high blood-pressure. The medulla, on the other hand, is neuro-ecto- 
dermal in origin, and closely connected with the sympathetic nervous system. When the 
suprarenal medulla is destroyed by tuberculosis, to which the glands are prone, or by the 
pressure of a new growth, the secretion of adrenalin becomes inadequate, and Addison’s 
disease develops. Patients with Addison’s disease become pigmented in various parts of 
the body, possibly from irritation of the sympathetic, and complain of great weakness, 
lack of energy, nausea, and severe attacks of vomiting. Their blood-pressure is low, the 
whole nervous system is depressed, and death follows after a period of months or years, 
usually from asthenia. Tumours derived from the suprarenal itself, or from mis placed 
suprarenal c rests * occurring in such organs as the kidney or liver, may be either benign 
or malignant, and are classed together under the name ‘ hypernephroma.’ In children 
the malignant hypernephroma is often associated with obesity and precocity. The benign 

hypernephroma, or suprarenal 
adenoma, appears to produce 
no symptoms except those 
due to its slow enlargement. 


The Glomus Coccygeum 

The 
ge urn 
is place 

immediately below, the 
tip of the coccyx. It is 
about 2*5 mm. in diameter 
and is irregularly oval in 
shape ; several smaller 
nodules are found around 
or near the main mass. 

Structure. — The glomus 

coccygeum consists of irre- 
gular masses of round or poly- 
hedral cells (fig. 1208), the 
cells of each mass being 
grouped around a dilated sinu- 
soidal capillary vessel.* Each 
cell contains a large round or oval nucleus, the protoplasm surrounding which is clear and 
is not stained by chromic salts.* 


glomus coccy- 
coccygeal body) 
. in front of, or 


Fig. 1208. — A section through an irregular nodule of the 
glomus coccygeum. x 85. (Sertoli.) (From Quain’s 
Elements of Anatomy.) 



The section shows the fibrous covering of the nodule, the blood-vessels 
within it, and the epithelial cells of which it is constituted. 


The Spleen (Lien) 

The spleen is situated principally in the left hypochondriac region of the 
abdomen, but its upper end extends into the epigastric region ; it lies between 
the fundus of the stomach and the Diaphragm. It is the largest of the 

* Consult the following article: 4 Uber die menschliche Steissdriise,’ von J. W. Thomson 
Walker, Archiv fur mikroshopische Anatomic und Entwickelungsgeschichte, Band 64, 1904. 
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ductless glands, and is of an oblong, flattened form, soft, of verv friable con- 
sistence, highly vascular, and of a dark purplish colour. 

Relations.— The diaphragmatic surface is convex, smooth and is directed 
upwards, backwards, and to the left, except at its upper end. where it is directed 
slightly medial wards. It is in relation with the under surface of the Diaphragm, 
which separates it from the ninth, tenth, and eleventh ribs of the left side, 
and the intervening lower border of the left lung and pleura. 

The visceral surface (fig. 1209) is divided by a ridge into an anterior or 
gastric, and a posterior or renal portion. 

The* gastric surface , directed forwards, upwards, and medialwards, is broad 
and concave. It is in contact with the posterior wall of the stomach, and 
below the stomach with the tail of the pancreas. It presents near its medial 
border a long fissure, 

termed the Mlum. This Fig. 1209. -The viscera! surface of the spleen, 

is pierced by several 
irregular apertures for 
the entrance and exit 
of vessels and nerves. 

The renal surface , 
directed medialwards 
and downwards, is 
somewhat flattened. 

It is considerably nar- 
rower than the gastric 
surface, and is in rela- 
tion with the upper part 
of the anterior surface 
of the left kidney and 
occasionally with the 
left suprarenal gland. 

The upper end is di- 
rected towards the ver- 
tebral column, where 
it lies on a level with 
the eleventh thoracic 
vertebra. The lower 
end or colic surface is 
flat, triangular in 
shape, and rests upon 
the left flexure of the 
colon and the phrenicocolic ligament, and is generally in contact with the tail of 
the pancreas. The anterior border , free and thin, is often notched near its lower 
end ; it separates the diaphragmatic from the gastric surface. The posterior 
border , blunter and more rounded than the anterior, separates the renal from 
the diaphragmatic surface ; it corresponds to the lower border of the eleventh 
rib and b‘es between the Diaphragm and left kidney. The inferior border 
separates the diaphragmatic from the colic surface, and the intermediate margin 
intervenes between the renal and gastric surfaces. 

The spleen is almost entirely surrounded by peritoneum, which is firmly 
adherent to its capsule. It is held in position by two folds of this membrane. 
One, the lienorenal ligament , is derived from the peritoneum where the wall of 
the general peritoneal cavity comes into contact with the omental bursa 
between the left kidney and the spleen ; the lienal vessels pass between its 
two layers (fig. 1093). The other fold, the gastrolienal ligament (gastrosplemc 
omentum), also consists of two layers, and is formed by the meeting of the 
walls of the general peritoneal cavity and of the omental bursa between the 
spleen and stomach (fig. 1093) ; the short gastric and left gastro -epiploic 
branches of the lienal artery run between its two layers. The lower end oi 
the spleen is supported by the phrenicocolic ligament (p. 1144). # 

The size and weight of the spleen vary at different periods of life, m different 
individuals, and in the same individual under different conditions. In the 
adult , it is usually about 12 cm. in length, 7 cm. in breadth, and 3 or 4 cm. 
in thickness, and weighs about 200 gm. 


Vein leaving 
Mlum 
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blood-vessels and nerves pass to the hilum of the ovary. The free border is con- 
vex, and is directed towards the ureter. The uterine tube arches over the ovary, 

Fig. 1183.— The uterus and the right broad ligament. Posterior aspect. The 
broad ligament has been spread out and the ovary drawn downwards. 



running upwards in relation to its mesovarian border, curving over its tubal 
extremity, and then passing downwards on its free border and medial surface. 

In the foetus, the ovaries are situated, like the testes, in the lumbar region 
near the kidneys, but they gradually descend into the pelvis (p. 156). 

Fig, 1184. — The adult left ovary, epoophoron, and uterine tube. Posterior 
aspect. (From Farre, after Kobelt.) 



a, a. Epoophoron formed from the upper part of the Wolffian body. b. Remains of the upper- 
most tubes sometimes forming hydatids, c. Middle set of tubes, d . Some lower atrophied tubes. 
e. Atrophied remains of the Wolffian duct. /. The terminal bulb or hydatid, h. The uterine tube. 
i. Hydatid attached to the extremity. 1. The ovary. 

Structure (fig. 1185). — The surface of the ovary is covered by a layer of cubical cells. 
This epithelium gives to the ovary a dull grey colour as compared with the shining 
smoothness of the peritoneum ; the transition between the squamous epithelium of the 
peritoneum and the cubical cells covering the ovary is usually marked by a line around 
the anterior border of the ovary. 

The ovary consists of a number of vesicular ovarian follicles imbedded in the meshes 
of a stroma or framework. 

The stroma is abundantly supplied with blood-vessels, and consists for the most part 
of spindle-shaped cells with a small amount of ordinary connective tissue. Many of 
these cells are unstriped muscle-cells. On the surface of the organ is a condensed layer 
known as the tunica albuginea. The stroma of the ovary also contains groups of inter- 
stitial cells resembling those of the testis. 



THE BLOOD-VESSELS OF THE SPLEEN 


. ? a0 ^ branch runs m the transverse axis of the organ, from within outwards, diminishing 

m size during its transit, and giving off in its passage smaller branches, some of which 
pass to the anterior, others to the posterior part. These ultimately leave the trabecular 
sheaths, and terminate m the proper substance of the spleen in small tufts or pencils of 


ITg. 1211. A transverse section through the human spleen, showing the 
distribution of the splenic artery and its branches. 



minute arterioles, which open into the interstices of the reticulum formed by the branched 
sustentacular cells. The branches of the splenic artery are ‘ end arteries 5 (p. 595). 

The arterioles differ in structure from the larger arterial vessels in that their outer coat 
consists of lymphoid tissue. This coat exhibits localized spheroidal thickenings, termed 
the Malpighian bodies of the spleen (fig. 1212). These bodies vary in size from about 
0*25 mm. to 1 mm. in diameter. In transverse sections, the artery, in the majority of 
cases, is found in an eccentric position. The Malpighian bodies are visible to the naked 


Fig. 1212. — A section through a portion of the human spleen. Stained with 
hsematoxylin and eosin. x 15. 



eve on the surface of a fresh section of the organ, appearing as minute semi-opaque dots 
ofa whitish colour in the dark substance of the pulp. The reticulum of the lymphmd 
tissue is made up of extremely fine fibrils, and is comparatively open m the centre of the 
body, but closer at its periphery. 
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The arterioles end by opening freely into the splenic pulp their walls become much 
attenuated, they lose their tubular character, and the endothelial cells ramify, their pro- 
cesses being directly connected with those of the reticular cells of the pulp (fig. 1213). The- 
blood thus finds its way into the interstices of the reticulated tissue of the splenic pulp. 
It is then collected by the rootlets of the veins, which begin much in the same way as the 
arteries end. The connective tissue corpuscles of the pulp arrange themselves in rows, 
in such a way as to form an elongated space or sinus. They become elongated and spindle- 
shaped, and overlap each other at their extremities, and thus form a sort of endothelial 
lining of the path or sinus, which is the radicle of a vein. On the outer surface of these 
sinuses are seen delicate transverse lines or markings, which are due to minute elastic 
fibrils arranged in a circular manner. Thus the channel obtains an external investment, 
and gradually becomes converted into a' small vein, which after a short course acquires, 
a coat of ordinary connective tissue, lined by a layer of flattened epithelial cells continuous 
with the supporting cells of the pulp. The smaller veins unite to form larger ones ; these do 


Fig. 1213. — A section through the spleen, showing the termination of a small 

blood-vessel. 


Small 

artery 



not accompany the arteries, but soon enter the trabecular sheaths of the capsule, and by 
their junction form six or more branches, which emerge from the hilum, and, uniting, 
constitute the lienal vein, the largest radicle of the portal vein. 

The veins are remarkable for their numerous anastomoses. 

The lymphatics are described on p. 771. 

The nerves are derived from the coeliac plexus and are chiefly noh-medullated. They 
are distributed to the blood-vessels and to the smooth muscle of the capsule and trabeeulse. 

Applied Anatomy . — Injury of the spleen is less common than that of the liver, on account 
of its protected situation and connexions. It may be ruptured by direct or indirect violence ; 
tom by a broken fib ; or injured by a punctured or gunshot wound. When the organ is 
enlarged, the chance of rupture is increased. The great risk is hsemorrhage, owing to the 
vascularity of the organ and the absence of a proper system of capillaries. The injury is 
not, however, necessarily fatal, and this would appear to be due, in a great measure, to 
the contractile power of the capsule, which narrows the wound and prevents the escape 
of blood. In eases where the diagnosis is clear, and the symptoms indicate danger to life, 
laparotomy must be performed, and the spleen removed. When removing the spleen it 
must be remembered that the tail of the pancreas is in contact with it, and should be avoided 
in ligaturing the vessels. 



. SURFACE ANATOMY AND 
SURFACE MARKINGS 


THE SURFACE ANATOMY OF THE HEAD AND THE NECK 

T HE bones (fig. 1214). — The external occipital protuberance (inion) is situated 
behind, in the middle line, at the upper end of the nuchal furrow, and the 
superior nuchal lines run lateralwards from it, one on either side. Above these lines 
the vault of the cranium is so thinly covered with soft structures that the form of 


Fig. 1214. — A side view of the head, showing the surface relations of the bones. 
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this part of the head is almost that of the upper portion of the occipital, the parietal 
and the frontal bones. The superior nuchal lines run lateralwards to the mastoid 
portions of the temporal bones, from which the mastoid processes project downwards 
and forwards behind the auricula. The anterior and posterior borders, the apex, 
and the external surface of the mastoid process are available for surface examina- 
tion ; tbe anterior border lies immediately behind the concha, and the apex is 
nearly on a level with the lobule of the auricula. In front of the ear the zygomatic 
arch can be felt tbrougbout its entire length ; its narrow posterior end is situated 
G.A. 2r2 
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a little above the level of the tragus ; its broad anterior end is continued into the 
zygomatic bone. The upper border of the arch is less distinct than the lower, 
but can be followed into the superior temporal line. Anteriorly, this line begins 
at the zygomatic process of the frontal bone as a curved ridge which runs at first 
forwards and upwards and then backwards on the frontal bone, separating the. 
forehead from the temporal fossa. It then crosses the parietal bone, where, though 
less marked, it can generally be recognised. Finally, it curves downwards and 
forwards, and, passing above the opening of the external acoustic meatus, ends 
in the posterior root of the zygomatic arch. 

Near the line of the greatest transverse diameter of the head are the parietal 
tuberosities , one on„ either side ; further forwards, on the forehead, are the frontal 
tuberosities , which vary in prominence in different individuals. Below the frontal 
tuberosities are the superciliary arches ; they are absent in infancy, and are, as 
a rule, small in the female. In some cases the prominence of these arches is related 
to the size of the frontal sinuses, but frequently there is no such relationship. 
Between the superciliary ridges is a smooth, somewhat triangular area, the glabella, 
and below this is the nasion or frontonasal suture. 

Below the nasion the nasal bones , scantily covered by soft tissues, can be traced 
to their junctions with the nasal cartilages, and on either side of the nasal bones 
the complete outline of the orbital margin can be made out. At the junction of 
the medial with the intermediate one-third of the supra-orbital margin the supra- 
orbital notch , when present, can be felt ; near the medial end of the infra-orbita 
margin is a little tubercle which serves as a guide to the position of the lacrimal 
sac. Below and lateral to the orbit, on either side, the zygomatic bone forms the 
prominence of the cheek ; its posterior margin is easily felt, and on it just above 
the level of the lateral palpebral commissure is the zygomatic tubercle. A slight 
depression, about 1 cm. above this tubercle, indicates the position of the zygomatico- 
. frontal suture. Below the orbit a considerable part of the anterior surface, and 
the whole of the alveolar process, of the maxilla , can be palpated. Almost the 
entire outline of the mandible can be recognised ; the condyle lies in front of the 
tragus and below the zygomatic arch, and from it the posterior border of the ramus 
descends to the angle ; from the angle to the symphysis the lower rounded border 
of the body of the bone is readily traced ; the lower part of the anterior border 
of the ramus and the alveolar process can be made out without difficulty. In the 
receding angle below the chin is the hyoid bone , and the finger can be carried along 
the bone to the tip of its greater cornu, which is most readily appreciated by 
pressing on one side of the bone, and thus rendering the cornu of the opposite 
side prominent beneath the skin. 

The transverse processes of the first, sixth, and seventh cervical vertebras can 
be felt. That of the first is about 1 cm. below and in front of the mastoid process 
of the temporal bone and can be recognised readily by pressing upwards and inwards 
behind the angle of the mandible ; that of the sixth is opposite to, and that of 
the seventh a little below, the cricoid cartilage. 

The joints and muscles, — The mandibular articulation is superficial and is 
situated below the posterior end of the zygomatic arch, in front of the external 
acoustic meatus. Its position can be ascertained by defining the condyle of the 
mandible ; when the mouth opens, the condyle advances out of the mandibular 
fossa on to the articular tubercle of the temporal bone, and a depression is felt in 
the situation of the joint. 

With the exceptions of the Masseter and Temporalis the outlines of the muscles 
of the head and face cannot be traced on the surface. The Masseter imparts fulness 
to the hinder part of the cheek ; if firmly contracted, as when the teeth are clenched, 
its quadrilateral outline is plainly visible ; its anterior border forms a prominent 
vertical ridge, behind which is a considerable fulness especially marked at the 
lower part of the muscle. The Temporalis, a fan-shaped muscle, fills the temporal 
fossa, and stands out in strong relief when in action. The muscles of the scalp 
are so thin that the contour of the skull is perceptible beneath them. Those of 
the face are small, covered by soft skin and often by a considerable layer of fat, 
and their outlines axe therefore concealed ; they serve, however, to round off and 
smooth prominent borders, and to fill up what would otherwise be unsightly angular 
depressions. Thus the Orbicularis « oculi rounds off the prominent margin of the 
orbit, and the Procerus fills in the sharp depression below the glabella. In like 
manner the labial muscles , converging to the lips, and assisted by the superimposed 
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faciafL^cles 6 SJd™ P h jJ 1 ° W ° f tlle lower P art of the face. When in action the 

into numerous folds and wrinkler 3 eXpressIons " and lu addifion throw the skin 

ridfjpJ -nara^lp^w'+l* 0 ^ 0 ^ ? le the skin of the neck is thrown into oblique 

1 7 - th fl e fascicuh of tlle muscle. The Steriwcleidomastoidms has 
the most important influence on the surface form of the neck (fit's. 1215 , 121 ( 1 ). 

hlw .muscle is at rest its anterior border forms an oblique rounded edge ending 
be!ow m the outline of the sternal head ; the posterior border is oniv distinct for 
about 2 cm. or 3 cm. above the middle of the clavicle. When the muscle is con- 
tracted the sternal head stands out as a sharply defined ridae, while the clavicular 
head is flatter and less prominent; between the two heads' is a slislit ib-mvsAvj. 


Fig. 1215. — An anterolateral view of the head and neck. 
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The middle portion of the muscle appears as an oblique elevation with a thick, 
anterior border, best marked in its lower part. The sternal heads of the two muscles 
are separated by a V-shaped depression (jugular notch), the floor of which is formed 
by the Sternohyoideus and Sternothyreoideas. The lateral border of the Scalenus 
anterior is just under cover of and parallel with the posterior border of the Sterno- 
cleidomastoideus. 

Above the hyoid hone, near the middle line, the anterior belly of the Digastricm 
gives rise to a slight convexity. 

The anterior border of the Trapezius produces a faint ridge running downwards 
and forwards from the superior nuchal line to the junction of the intermediate 
with the lateral one-third of the clavicle. Between the Sternocleidomastoideus and 
the Trapezius is the posterior triangle of the neck, the lower part of which appears 
as a shallow concavity— the supraclavicular fossa. In this fossa, the inferior belly 
of the Omohyoideus, when in action, causes a cord-like elevation a little above 
and almost parallel to the clavicle. 

The arteries.— The positions of several of the larger arteries can be ascertained 
from their pulsations. 
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The subclavian artery is felt on making pressure downwards, backwards, and 
medialwards behind the lateral margin of the clavicular head of the Sternocleido- 
mastoideus ; the transverse cervical artery may be detected parallel to, and about 
a finger’s breadth above, the clavicle. The common and external carotid arteries 
can be recognised immediately beneath the anterior edge of the Sternocleido- 
mastoideus, and the external maxillary artery can be traced over the inferior border 
of the mandible at the anterior edge of the Masseter, about 3 cm. in front of the 
angle of the mandible. The pulsation of the occipital artery may be felt about 3 cm. 
or 4 cm. lateral to the external occipital protuberance, and that of the posterior 
auricular artery in the groove between the mastoid process and the auricula. The 
course of the superficial temporal artery can be readily followed upwards across the 


Fig. 1216. — A front view of the neck. 
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posterior end of the zygomatic arch to a point about 4 cm. above the arch, where 
it divides into its frontal and parietal branches ; the pulsation of the frontal branch 
is frequently visible on the side of the forehead. The supra-orbital artery can 
usually be detected immediately above the supra-orbital notch or foramen. 

The larynx and trachea.— In the receding angle below the chin, the hyoid bone 
(p. 1258), situated opposite the lower part of the third cervical vertebra, can easily 
be made out ; when the head is erect the hyoid bone is on the same level as the 
lower border of the mandible. Immediately below it, is the laryngeal prominence 
(pomum Adami) of the thyreoid cartilage ; the space between the hyoid bone and 
the thyreoid cartilage is occupied by the hyothyreoid membrane. The outlines of 
the laminae and cornua of the thyreoid cartilage are readily palpated ; below this 
cartilage is a depression corresponding to the middle cricothyreoid ligament. The 
level of the vocal folds (true vocal cords) corresponds to the middle of the anterior 
margin of the thyreoid cartilage. The anterior part of the cricoid cartilage forms 
an important landmark on the front of the neck ; it lies opposite the sixth cervical 
vertebra, and indicates the junctions of the pharynx with the oesophagus, and 
of the larynx with the trachea. Below the cricoid cartilage the trachea can be 
felt, but only in thin subjects are its rings distinguishable ; as a rule there are 
seven or eight rings above the jugular notch of the sternum, and of these the second, 
third, and fourth are covered by the isthmus of the thyreoid gland. The normal 
thyreoid gland cannot be felt. 
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The submaxillary gland. — On either side of the neck the superficial portion of the 
submaxillary gland, as it lies partly under cover of the body of the mandible, can 
be felt. To palpate the entire gland the bead should he thrown forwards to relax 
the investing layer of the fascia colli ; the index finger of one hand is placed in the 
digastric triangle, that of the other hand is placed on the floor of the mouth, under 
the tongue ; the gland is easily made out between the fingers. 


THE SURFACE MARKINGS OF SPECIAL REGIONS OF THE HEAR 

AND NECK 

The Cranium 

The scalp. — The soft parts covering the upper surface of the skull form the scalp 
and comprise the following layers (fig. 1217) : (1) skin, (2) subcutaneous tissue, 
(3) Occipitalis, Frontalis, and galea aponeurotica, (4) subaponeurotic tissue, 
(5) pericranium. The subcutaneous tissue consists of a close meshwork of fibres, the 


Fig. 1217. — A coronal section through the scalp and skull. Diagrammatic. 



mesh.es of which contain fatty tissue ; the fibres bind the skin and galea aponeurotica 
firmly together, so that when the Occipitalis or the Frontalis w in action the skin 
moves with the aponeurosis. The subaponeurotic tissue is much looser in texture, 
and permits the movement of the galea aponeurotica over the underlying pen- 

eranium. kg {fi 12 U)._In addition to the bony points already 

described! which can be determined by palpation, the following are utilised for 

surface markings : . 

Asterion The point of meeting of the lambdoid, masto-oceipital, and masto- 

parietarsntures ; it lies Am. behind and 12 mm. above the level of the 

. a ™l r P°Tt eentre of the orifice of the external acoustic meatus. 

The mee ting -point of the coronal and sagittal sutures ; it lies at 
^ the point of intersection of the middle line of the scalp with a line drawn 

. i «“• 

in the middle line about 6'5 cm. above the mion. 
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Pre-ciuricular point — A point on the posterior root of the zygomatic arch 
immediately in front of the orifice of the external acoustic meatus. 

Pterion . — The point where the great wing of the sphenoid joins the sphenoidal 
angle of the parietal ; it is situated 35 mm. behind, and 12 mm. above 
the level of the frontozygomatic suture. 

A line passing through the inferior margin of the orbit and the auricular point 
is known as Reidis base-line. 

-The right or left half of the lambdoid suture is indicated by the upper two-thirds 
of a line uniting the lambda to the tip of the corresponding mastoid process. The 


Fig. 1218.— A drawing of a cast to illustrate the relations of the brain to the 
skull. (Cunningham.) 



sagittal suture is in the line joining the lambda to the bregma. The position of 
the coronal suture is represented by a line connecting the bregma with the centres 
oi: the zygomatic arches. 

The floor of the middle fossa of the skull is at the level of the posterior three- 
fourths of the upper border of the zygomatic arch ; the articular tubercle of the 
temporal bone is opposite the foramen spinosum and the semilunar ganglion. 

• , i e brain (figs. 1218, 1219). The general outline of the cerebral hemisphere, on 
either side, may be mapped out on the surface in the following manner. A line 
drawn from the nasion along the middle of the scalp to the inion represents the 
superomedial border. The line of the posterior part of the lower border is that of 
the transverse sinus (p. 1264), or more roughly a line convex upwards from the 
imon to the posterior root of the zygomatic process of the temporal bone ; thence 
a ong z e posterior thre^-fourths of the upper border of the zygomatic arch and 
then upwards to the pterion ; the anterior part of the lower border extends from 
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the pterion to the glabella about 1 cm. above the supra-orbital margin. The wre- 
bellum is so deeply situated that there is no satisfactory surface rnarkitm for it • 

dSy oveTit W ^ bd ™ tie leveI of the auricular ,’oint is^imated 

tPp the principal fissures and gyri of the cerebral hemispheres to 

^ SCa ^ P are u 0f practical hnportance, and several methods of 
indicating them haw been devised. These methods are only arww.aMv 
correct, but are sufficiently accurate for surgical purposes. The' .A, : ,n r .,ji 

fissure corresponds to the median line of the scalp between the nasion and inion. 


Fig. 1219. The relations of the brain and the middle meningeal artery to the 
surface of the skull. 



1. Nasion. 2. Inion. 3. Lambda. 4. Lateral cerebral fissure. 5. Central sulcus. A A. Reid’s 
base-line. B. Point for trephining over the anterior l ranch of the middle meningeal artery. C. Supra- 
meatal' triangle. D. Sigmoid bend of the transverse sinus. E. Point for in.- pinning ouir the straight 
portion of the transverse sinus, exposing dura mater of both cerebrum and cert.-NIlum. The outline 
of the cerebral hemisphere is indicated in blue ; the course of middle meningeal artery in red. 


To mark out the lateral cerebral {Sylvian) fissure a point, named the Sylvian 
point, is defined 35 mm. behind and 12 mm. above the level of the fronto- 
zygomatic suture, the latter being recognised by a notch in its- posterior 
border; the Sylvian point marks the spot where the stem of the lateral cere- 
bral fissure divides. Another method of defining the Sylvian point is to jiivide 
the distance between the nasion and inion into four equal parts; from the 
junction of the third with the fourth part (reckoning from the front) draw a 
line to the frontozygomatic suture ; from the junction of the first with the 
second part another line to the auricular point. These two lines intersect at 
the Sylvian point, and the portion of the first line behind this point overlies the 
posterior ramus of the lateral cerebral fissure. The position of the posterior ramus 
can also he obtained by joining the Sylvian point to a point 2 em ? below the summit 
of the parietal tubexasity. The anterior ascending ramus is marked by drawing a 
line upwards at right angles to the line of the posterior ramus for 2 cm., and the 
anterior horizontal ramus by a line of the same length drawn horizontally forwards 
—both from the Sylvian point. The upper end of th% central sulcus (fissure of 
Eojando) is in the median line of the skull 1:26. :,m, behind the middle of the line 
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joining tKe nasion and inion ; the lower end is 5 cm, vertically above the pre- 
auricular point, the fissure ending just above the posterior ramns of the lateral 
cerebral fissure. Measured on the scalp this line is 9 cm. long and forms an angle, 
opening forwards, of about 70° with the median line of the scalp. The precentral 
and postcentral sulci are nearly parallel with the central sulcus, and are situated 
about 15 mm. in front of, and behind, it respectively. The superior frontal sulcus 
is indicated by a line drawn from the junction of the upper with the middle one- 
third of the precentral sulcus, in a direction parallel with the longitudinal sulcus, 
to a point midway between the middle line of the forehead and the temporal line, 
4 cm. above the supra-orbital notch. The inferior frontal sulcus begins at the 
junction of the middle with the lower one- third of the precentral sulcus, and follows 
the course of the superior temporal line. 

The horizontal limb of the intraparietal sulcus begins near the junction of the 
lower with the middle one-third of the postcentral sulcus and curves backwards 
parallel to. the longitudinal fissure, midway between it and the parietal tuberosity ; 
it then curves downwards to end midw T ay between the lambda and the parietal 
tuberosity. The external part of the parieto-occipital fissure runs lateral wards at 
right angles to the longitudinal fissure for about 2*5 cm. from a point 5 mm. in 
front of the lambda. If the fine of the posterior ramus of the lateral cerebral 
fissure be continued back to the longitudinal fissure, the last 2*5 cm. of it will 
indicate the position of the parieto-occipital fissure. 

The lateral ventricle may be circumscribed by a quadrilateral figure. The upper 
limit is a horizontal line 5 cm. above the zygomatic arch ; this defines the roof 
of the ventricle. The lower limit is a horizontal line 1 cm. above the zygomatic 
arch ; it indicates the level of the end of the inferior cornu. Two vertical lines, 
one through the junction of the anterior with the middle one-third of the zygomatic 
arch, and the other 5 cm. behind the tip of the mastoid process, indicate the extent 
of the anterior cornu in front and the posterior cornu behind. 

The vessels. — The middle meningeal artery divides into its anterior and posterior 
branches at a point about 2 cm. above the middle of the upper border of the zygo- 
matic arch. Its anterior branch crosses the great wing of the sphenoidal bone, and 
then lies in a groove or canal on the inner surface of the sphenoidal angle of the 
parietal bone at a point 4 cm. behind the frontozygomatic suture and 4*5 cm. above 
the zygomatic arch. The posterior branch runs backwards less than a finger’s 
breadth above the zygomatic arch, and can be reached 2*5 cm. above the auricular 
point. 

The position of the transverse sinus is obtained by taking two lines' : the first 
from the inion to a point 2*5 cm. behind the auricular point ; the second from 
this latter point to the tip of the mastoid process. The second line corresponds 
roughly to that of the reflection of the skin from the cranial surface of the auricula, 
and its upper two-thirds represents the sigmoid part of the sinus. The first part 
of the sinus has a slight upward convexity, and its highest point is about 4 cm. 
behind and 1 cm. above the level of the auricular point. The width of the sinus 
is about 1 cm. 


The Face 

The air-sinuses (fig. 1220). — The frontal and maxillary air-sinuses vary so 
greatly, in form and size that their surface markings must be regarded as only 
a PP r0X i ma ^ e - To raark out the position of the frontal air-sinus three points are 
taken : one at the nasion, a second in the middle line 3 cm. above the nasion, and 
a third at the junction of the lateral with the intermediate one-third of the supra- 
orbital margin. By joining these a triangular field is described which overlies the 
greater part of the. air-sinus. The outline of the maxillary air-sinus is irregularly 
quadrilateral and is obtained by joining up the following points : (1) the lacrimal 
tubercle, (2) a point on the zygomatic bone at the junction of the inferior with the 
lateral margin of the orbit, (3) and (4) points on the alveolar process above the last 
molar and the second premolar teeth respectively. 

The external maxillary artery. — The course of the external maxillary artery on 
the face may be indicated by a line starting from the lower border of the mandible 
at the anterior margin of the Masseter, and running at first forwards and upwards 
to a point 1 cm. lateral to the angle of the mouth, thence to a point a little behind 
the ala of the nose and upwards to the medial commissure of the eye (fig. 1221). 
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trigeminal nerve.-— Tli e supratrochlear - nerve crosses the supra-orbital 
margin about 1 cm. from the middle line. The supra-orbital , 5? £> 7 -:^ A??, a nd 
mental nerves _ emerge from the corresponding foramina on the face fib*. 122F. 
The supra-orbital foramen is situated at the junction of the medial with the 
intermediate third of the supra-orbital margin. A line drawn from this foramen 
to the lower border of the mandible, through the interval between the lower 
premolar teeth, passes over the infra-orbital and mental foramina, : the former 
lies about 1 cm. below the margin of the orbit, while the latter varies in position 
according to the age of the individual ; in the adult it is midway between the 
upper and lower borders of the mandible, in the child it is nearer the lower 
border, while m the edentulous jaw of old age it is close to the upper margin. 


Fig. 1220. — An outline of the bones of the 
face, showing the positions of the frontal 
and maxillary air-sinuses. 


Fig. 1221. — An outline of the side of 
the face, showing the chief surface 
markings. 



The position of the sphenopalatine ganglion is indicated from the side by a 
point on the upper border of the zygomatic arch, 6 mm. from the temporal border 
of the zygomatic bone. The foramen ovale, which is the guide to the semilunar 
ganglion, lies opposite the anterior border of the neck of the mandible. 

The parotid gland (fig. 1221).— The upper border of the parotid gland corresponds 
to the posterior two-thirds of the lower border of the zygomatic arch ; the posterior 
border to the front of the external acoustic meatus, the mastoid process, and the 
anterior border of Sternocleidomastoideus. The inferior border is indicated by a 
line from the tip of the mastoid process to the junction of the body and greater 
cornu of the hyoid bone. In front, the anterior border extends for a variable 
distance on the superficial surface of the Masseter. The surface marking for the 
varotid duct is the middle one-third of a line drawn across the face about a finger’s 
breadth below the zygomatic arch, i.e. from the lower margin of the concha to 
midway between the red margin of the lip and the ala of the nose ; the duct ends 
opposite the second upper molar tooth and measures about 5 cm. m length. 



1266 


SURFACE ANATOMY AND SURFACE MARKINGS 


The Nose 

The outlines of the nasal bones and the cartilages forming the external nose 
can be easily felt. The mobile portion of the nasal septum, formed ’by the medial 
crura of the greater alar cartilages and the skin, is easily distinguished between 
the nares. When the head is tilted back and a speculum introduced through 
one naris, the floor of the nasal cavity, the lower part of the nasal septum, and 
the anterior ends of the middle and inferior nasal conchse can be examined. The 
opening of the nasolacrimal duct, which lies under cover of the front of the inferior 
nasal concha, is situated about 2*5 cm. behind the naris and 2 cm. above the floor 
of the nasal cavity. 


The Mouth 

The orifice of the mouth is bounded by the lips, and its angles usually correspond 
to the lateral borders of the canine teeth. In the middle of the outer surf ace. of the 
upper lip is a shallow groove— the philtrum. When the lips are everted, a small fold 

Fig. 1222. — The mouth-cavity. The cheeks have been slit transversely and 
the tongue pulled forwards. 


Pharyngopalatine arch 


Palatine tonsil 


(itossopalatinc arch 
/ 

- Buccinator 



Papillce 

vallatcc 


Isthmus 

faucium 


Papillce 

fungiformes 


of mucous membrane, termed the frenulum, is seen in the middle line of each, passing 
from the lip to the gum. By pulling the angle of the mouth outwards the mucous 
membrane of the cheek can be inspected, and on this, opposite the second upper 
molar tooth, is the little papilla which marks the orifice of the parotid duct. 

The upper surface of the tongue (fig. 1222) is convex and marked in the middle 
line by a, shallow sulcus ; its anterior two-thirds are rough and studded with papillae ; 
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llrfS one ' tl } ird is smoother and contains many muciparous srlands and 
lymph-tolacles , it is much more sensitive than the anterior papillary part The-,* 
ar( ; separated by a V-shaped furrow, the sulcus terminalis, which is 
situated immediately behind the papilla vallatre. 

The mucous membrane on the under surface of the tongue (fia. 12231 is smooth 
and devoid of papilke. In the middle line it extends to’ the floor .if the month 
as a .fold— the frcmdum— the free edge of which runs forwards to the symphysis 
ot tiie mandible. The lingual veins are seen immediately beneath the mucous 
membrane on either side of the frenulum. On either side of the attachment of the 


Fig. 1223. The mouth-cavity. The apex of the tongue is turned upwards, and . 
the right side a superficial dissection of its under surface has been made. 
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frenulum to the floor of the mouth is a papilla on which the slit-like orifice of the 
submaxillary duct is seen. Running backwards and lateralwards from the orifice 
of the submaxillary duct is the plica sublingualis, produced by the upward pro- 
1 ection of the sublingual gland which lies immediately beneath the mucous membrane. 
The plica sublingualis serves also to indicate the lines of the submaxillary duct 
and lingual nerve ; they lie on the medial side of the sublingual gland. At the 
back of the mouth is the isthmus faucium, bounded above by the palatine velum, 
from the free margin of which the uvula projects downwards in the middle line. 
On either side of the isthmus are the two palatine arches, the anterior formed 
by the Glossopalatinus and the posterior by the Pharyngopalatinus. Between 
the two arches of either side is the palatine tonsil, with the small supratonsillar 
recess above it ; the position of the tonsil corresponds to the angle of the mandible. 
When the mouth is opened widely, a tense band— the pterygomandibular raphe- 
can he seen and felt lateral to the glossopalatine arch. Its lower end is attached 
to the mandible behind the last molar tooth, and immediately below and in front 
of this attachment the lingual nerve can be felt ; the upper end of the raphe is 
fixed to the pterygoid hamulus, About 1 cm. anterior to the hamulus and 1 cm. 
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medial to the third upper molar tooth is the greater palatine foramen through 
which the greater palatine vessels and the anterior palatine nerve emerge. Behind 
the third upper molar tooth the coronoid process of the mandible is palpable. 


Fig. 1224. — The front of the nasal part of the pharynx, as seen with the 
laryngoscope. 
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By tilting the head well back a portion of the posterior pharyngeal wall 
corresponding to the level of the second and third cervical vertebrae, can be seen 
through the isthmus faucium. On introducing the finger the anterior surfaces 
of the upper cervical vertebrae can be felt through the thin muscular wall of the 
pharynx ; if the finger be hooked round the palatine velum, the choanae, the posterior 
ends of the middle and inferior nasal conchae, and the pharyngeal ostia of the 

auditory (Eustachian) tubes can be 

Fig. 1225.- 


Vallecula 


distinguished. The level of the 
choanae is that of the atlas, while 
the palatine velum is opposite the 
body of the epistropheus. 

With the laryngoscope the follow- 
ing structures can be seen. In the 
nasal part of the pharynx (fig. 1224), 
the choanae, the nasal septum and 
conchae, and the pharyngeal ostia of 
the auditory tubes can be examined. 
Farther down are the pharyngeal 
part of the dorsum of the tongue, the 
anterior surface of the epiglottis with 
the glosso-epiglottic and pharyngo- 
epiglottic folds bounding the valle- 
culae, and the pyriform recesses. 
Beyond these is the entrance to the 
larynx, bounded on either side by* 
the arvepiglottic folds, in eagli of 
which are two rounded eminences, 
corresponding to the corniculate and 
cuneiform cartilages. Within the larynx (fig. 1225) on either side are the ventri- 
cular and vocal folds (false and true vocal cords) with the ventricle of the larynx 
between them.^ Still deeper, the cricoid cartilage and the anterior parts of some 
of the cartilaginous rings of the trachea are visible, and sometimes, during deep 
inspiration, the bifurcation of the trachea. Further investigation of the interior of 
the lower part of the trachea and the upper parts of the bronchi can be carried 
out with the bronchoscope. 


-A laryngoscopic view of the interior 
of the larynx. 
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The Eye 


The palpebral fissure is elliptical in shape, and varies in form and size in different 
individuals and in different races of mankind ; normally it is oblique, in a direction 
upwards and lateral wards, so 

that the lateral commissure is 1226. — The front of the left eye with the eyelids 

on a slightly higher level than separated to show the structures at the medial com- 
the medial. When the eyes missure. 

are directed forward as in 
ordinary vision, the superior 
part of the cornea is covered 
by the upper eyelid and its 
inferior margin is on a level 
with the free margin of the 
lower eyelid. 

At- the medial commissure 
(fig. 1226) are the caruncula 
lacrimalis and the plica semi- 
lunaris. When the lids are 
everted, the tarsal glands 
appear as a series of vertical 
parallel rows of light yellow 
granules. On the margins of 
the lids about 5 mm. from 
the medial commissure are the 
puncta lacrimalia ; in the 
natural condition they are in 

contact with the conjunctiva of the bulb of the eye, so that it is necessary to 
evert the eyelids to expose them. The lacrimal sac lies immediately abo\ e 
and medial to a small tubercle which can be plainly felt on the inner part 
of the lower margin of the orbit. If the eyelids be drawn lateralwards the medial 

palpebral ligament (tendo 


Pimctum laerimale 
Plica semilunaris 
Caruncula 

Punctual laerimale 
Openings of tarsal 
glands 


Fig-. 1227 .— -The interior of* the posterior half of the left 
eyeball. 
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The veins are darker in appearance than the arteries. 


oculi) can be felt beneath the 
tightened skin at the medial 
commissure ; it crosses in front 
of and a little above the 
middle of the lacrimal sac, 
and forms a useful guide to it. 
The direction of the naso- 
lacrimal duct is indicated by 
a line from the lacrimal sac to 
the first upper molar tooth ; 
the length of the duct is about 
18 mm. 

On looking into the eye, 
the iris with its opening, the 
pupil, and the front of the 
lens can be examined, but 
for investigation of the retina 
an ophthalmoscope is neces- 
sary. With this instrument 
the lens, the vessels of the 
retina, the optic disc, and the 
macula lutea can all be in- 
spected (fig. 1227), 

On the lateral surface of 
the nasal part of the frontal 
bone the pulley of the Obli- 
quus superior can be easily 


reached by p ushing the finger backwards along the roof of the orbit ; the tendon 
readied oy pu g 5 * . stort distance backwards and lateralwards from 


of the muscle can be traced for a 
the pulley. 
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The Ear 


Fig. 1228. — The auricula or 
pinna. Lateral surface. 


The various prominences and fossae of the auricula (pp. 1022 to 1023) are visible 
(fig. 1228). The orifice of the external acoustic meatus is exposed by drawing 

the tragus forwards ; at the orifice are a few short 
crisp hairs which serve to prevent the entrance of 
dust or of small insects ; beyond this the secretion 
of the ceruminous glands serves to catch any small 
particles which may find their way into the meatus. 
The interior of the meatus can be examined through 
a speculum. At the junction of its 'bony and 
cartilaginous portions is an obtuse angle which pro- 
jects into the antero-inferior wall and produces a 
narrowing of the lumen. The cartilaginous part, 
however, is connected to the bony part by fibrous 
tissue only ; this renders the outer portion of the 
meatus very movable. By drawing the auricula 
upwards, backwards, and slightly outwards, the 
cartilaginous portion of the canal is straightened. 
In children the meatus is very short, and this 
should be remembered in introducing a speculum. 

Through the speculum the greater part of the 
tympanic membrane (fig. 1229) is visible. It is a 
pearly-grey, slightly glistening membrane; in the 
adult it is placed obliquely so as to form an angle 
of about fifty-five degrees with the floor and with 
the anterior wall of the meatus ; at birth it is more 
horizontal and situated in almost the same plane 
as the base of the skull. The membrane is concave outwards, and the point of 
deepest concavity is a little below the centre. Running upwards and slightly 
forwards from this point is a reddish-yellow streak produced by the manubrium of 
the malleus. This streak ends above near the roof of the meatus at a small 
white rounded prominence 



Fig. 1229.- 


-The right tympanic membrane, as seen 
through a speculum. 
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which is caused by the lateral 
process of the malleus pro- 
jecting against the • mem- 
brane. The anterior and 
posterior malleolar folds 
extend from the prominence 
to the circumference of the 
membrane and form the 
lower boundary of the pars 
flaccida of the membrane. 

Behind the streak caused 
by the manubrium of the 
malleus a shorter and fainter 
streak can sometimes be 
distinguished ; this is the 
long crus of the incus. A 
narrow triangular patch 
extending downwards and 
forwards from the lower end 
of the manubrium mallei 

reflects the light more brightly than any other part, and is usually described as 
the cone of light. 

The tympanic antrum. — The site of the tympanic antrum is indicated by the 
suprameatal triangle (fig. 1230) which is hounded above by the posterior root of 
the zygomatic arch, behind by a vertical line from the posterior border of the 
orifice of the bony external acoustic meatus, in front and below by the upper margin 
of the orifice. 


Cone of light 


Anteroinferior quadrant 
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Fig. 1230.— The left temporal bone showing the surface markings for t lie t vmnanie 
antrum (red), the transverse sinus (blue), and the facial nerve (yellow-). 
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The Neck (fig. 1231) 

The muscles. — The posterior belly of the Digastricus is marked out by a line 
from the tip of the mastoid process to the junction of the greater cornu and body 

Fig. 1231. — The side of the neck, showing the chief surface markings. 
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of the hyoid bone ; a line from this latter point to one just lateral to the symphysis 
of the mandible indicates the position of the anterior belly. The line of the 
Omohyoideus begins at the lower border of the body of the hyoid bone, runs down- 
wards and lateralwards to reach the anterior border of the Sternocleidomastoideus 
at the level of the cricoid cartilage, and then runs more horizontally to the acromial 
end of the clavicle. 

The arteries. — The position of the common carotid artery in the neck is indicated 
by a line drawn from the upper part of the sternal end of the clavicle to a point 
midway between the tip of the mastoid process and the angle of the mandible. 
From the clavicle to the upper border of the thyreoid cartilage this line overlies 
the common carotid artery, beyond this it is over the external carotid artery. The 
external carotid artery may be otherwise marked out by the upper part of a line, 
arching slightly forwards, from the side of the cric’oid cartilage to the front of the 
orifice of the external acoustic meatus. 

The points of origin of the main branches of the external carotid artery are 
related to the tip of the greater cornu of the hyoid bone as follows : (1) the superior 
thyreoid , just below it ; (2) the lingual , on a level with it ; (3) the external maxillary 
(facial) and (4) the occipital , a little above and behind it. 

The subclavian artery is indicated on the surface by a curved line, convex upwards, 
from the sternoclavicular articulation to the middle of the clavicle. The highest 
point of the convexity is about 2 cm. above the clavicle. 

The veins. — The surface marking for the internal jugular vein is parallel with and 
slightly lateral to that for the common carotid artery ; the line indicating it is 
drawn from the sternal end of the clavicle between the two heads of the Sterno- 
cleidomastoideus to a point just behind the angle of the mandible. The common 
facial vein joins the internal jugular vein about the level of the hyoid bone. The 
position of the external jugular vein is marked by a line from the angle of the 
mandible to the middle of the clavicle. A point on this line about 4 cm. above 
the clavicle indicates the spot where the -vein pierces the deep fascia. The line 
of the anterior jugular vein begins close to the symphysis of the mandible, runs 
downwards parallel with and a little to one side of the middle line, and, at a short 
distance above the jugular notch, turns lateralwards to the external jugular. 

The nerves. — The facial nerve at its exit from the stylomastoid foramen is 
situated, in the adult, about 2*5 cm. from the surface, opposite the middle of the 
anterior border of the mastoid process ; a horizontal line from this point to the 
ramus of the mandible overlies the stem of the nerve. In the infant there is no 
mastoid process, and the foramen is placed superficially just behind the orifice of 
the external acoustic meatus. To mark the course of the accessory nerve a line is 
drawn from a point midway between the angle of the mandible and the tip of the 
mastoid process to a point on the anterior border of the Sternocleidomastoid eus 
4 cm. below the apex of the mastoid process ; the line is continued across the 
posterior triangle of the neck to the Trapezius. 

The cutaneous branches of the cervical plexus emerge from beneath the posterior 
border of the Sternocleidomastoideus and may be indicated as follows : the lesser 
occipital nerve appears just above the midpoint of the border and ascends along 
it to the scalp ; the great auricular and cervical cutaneous nerves start from the 
middle of the border, the former running upwards towards the lobule of the auricula, 
the latter crossing the Sternocleidomastoideus at right angles to its long axis ; the 
supraclavicular nerves emerge just below the middle of the posterior border and 
run down over the clavicle. The phrenic nerve begins at the level of the middle of 
the thyreoid cartilage and runs behind the clavicle about midway between the 
anterior and posterior borders of the Sternocleidomastoideus. 

The upper border of the brachial plexus is indicated by a line from the side of 
the cricoid cartilage to the middle of the clavicle ; the plexus begins a short distance 
in front of the posterior border of the Sternocleidomastoideus. 


THE SURFACE ANATOMY OF THE BACK 

The bones. — The only subcutaneous parts of the vertebral column are the apices 
of the spinous processes. These are distinguishable at the bottom of a furrow which 
runs down the middle line of the back from the external occipital protuberance 



THE SURFACE ANATOMY OF THE BACK 


to the middle of £he sacrum. In the cervical region the furrow is broad 'nid ends 
below m a conspicuous projection caused by thf spinous 


Fig. 1232.— The surface anatomy of the back. 
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cervical and first thoracic vertebrae. Above this, the spinous process of the sixth 
cervical vertebra sometimes forms a projection ; the other cervical spinous processes 
are sunken, but that of the epistropheus can be felt. In the thoracic region the 
furrow is shallow and during stooping disappears, and then the spinous processes 
become more or less visible ; the markings produced by them are small and close 
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together. In the lumbar region the furrow is deep and the situations of the spinous 
processes are frequently indicated by little pits, especially when the muscles in the 
loins are well developed. In the sacral region the furrow is shallow and flattened, 
and ends below at the most prominent part of the dorsal surface *of the sacrum, 
i.e. the spinous process of the third sacral vertebra. At the bottom of the sacral 
furrow the irregular dorsal surface of the sacrum may be felt, and below this, in the 
deep groove running to the anus, the coccyx. 

The muscles. — The deep muscles' of the back are so covered by those of the 
upper extremity (fig. 1232) that they have very little influence on surface form. 
The Splenii by their divergence serve to broaden out the upper part of the back 
of the neck and produce a fulness in this situation. In the loin the Sacrospinales , 
bound down by the lumbodorsal fascia, form rounded vertical eminences which 
determine the depth of the spinal furrow and taper below to a point on the dorsal 
surface of the sacrum. The continuations of the Sacrospinales in the lower thoracic 
region form flattened planes which are gradually lost on passing upwards. 


THE SURFACE MARKINGS OF THE BACK 

The bony landmarks. — In order to identify any particular spinous process it is 
customary to count from the prominence caused by the seventh cervical and first 
thoracic ; of these the latter is the more prominent, although the seventh cervical 


Fig. 1233. — A diagram showing the relation of 
the medulla spinalis to the dorsal surface of 
the trunk. The bones are outlined in red. 


Fig. 1234.— A sagittal section through 
the lower part of the vertebral c-anal 
to show the lower ends of the 
medulla spinalis and subarachnoid 
cavity, and the filum terminale. 
(Testut.) 



L , L . First and fifth, lumbar vertebrae. S n - 
Second sacral vertebra. 3. Dura mater. 2. 
Lower part of subarachnoid cavity. 3. Lower 
extremity of medulla spinalis. 4. Filum ter-, 
minale internum. 5. Filum terminale exter- 
num. 6. Attachment of filum terminale to 
first segment of coccyx. 
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is known as the vertebra prominens. The root of the spine of the scapula is on 
a level with the. tip of the spinous process of the third thoracic vertebra, and the 
inferior angle, with that of the seventh. The highest point of the iliac crest is 
on a level, with the spinous process of the fourth lumbar, and the posterior 
superior iliac spine with that of the second sacral, vertebra. 

The medulla spinalis. — The position of the lower end of the medulla spinalis 
varies slightly with the movements of the vertebral column, but, in the adult, 
in the upright posture it is usually at the level of the spinous process of the second 
lumbar vertebra (fig. 1233) ; at birth it is at the level of the third. 

The subdural and subarachnoid cavities end opposite the spinous process of the 
third sacral vertebra (fig. 1234). 


The spinal nerves (fig. 1235).— The 
following table, after Macalister, shows 
the relations which the places of attach- 
ment of the nerves to the medulla spinalis 
bear to the bodies and spinous processes 
of the vertebrae : — 
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Fig. 1235. — A schema sLe-wuj the 
relations of the veru-hraL vinous 
processes to the regions of attach- 
ment of the spinal nerves. (After 
Be id.) 
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THE SURFACE ANATOMY OF THE THO RAX 

• 

The bones.— The skeleton of the thorax is covered to a considerable extent by 
muscles, so that in a strongly developed muscular subject it is for the most part 
concealed. In thin persons the ribs, especially in the lower and lateral regions, stand 
out as prominent ridges between the sunken intercostal spaces. 

In the middle line, in front, the anterior surface of the sternum can be felt 
throughout its entire length at the bottom of the sternal furrow, between the 
Pectorales majores. These muscles overlap the anterior surface ’somewhat, so 



that the whole width of the sternum is not subcutaneous, and this overlapping 
is greatest opposite the middle of the bone ; the sternal furrow, therefore, is wide 
at its upper and lower parts but narrow in the middle. At the upper border of the 
manubrium sterm is the jugular notch : the lateral parts of this notch are obscured 
by the tendinous origins of the Stern ocleidomastoidei, which appear as oblique 
cords narrowing and deepening the notch. At the junction of the manubrium 
anybody is a transverse ridge, the sternal angle (angulus Ludovici). From the 
middle of the sternum the sternal furrow widens, and ends at the junction of 
the body of the sternum with the xiphoid process. Immediately below this is the 
infrastemal notch _ ; between the sternal ends of the seventh costal cartilages, and 
below the notch, is a triangular depression, the epigastric fossa, in which the xiphoid 
pToccss can db ici u. j 

_ On either side of the sternum the costal cartilages and ribs on the front of the 

Sn ar l Pa Ju ally ob f Ured . b 7 the Pectoralis major, through which, however, 
they can be felt as ridges with yielding intervals between them corresponding 
to the intercostal spaces. The second spaces the widest, the third and fourth 
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are somewhat narrower, and the others, with the exception of the last two, are 
comparatively narrow. 

Below the lower border of the Pectoralis major on the front of the chest, the 
broad flat outlip.es of the ribs, and the more rounded outlines of the costal cartilages, 
are often visible. The lower boundary of the front of the thorax is most plainly 
seen when the body is bent backwards ; it is formed by the xiphoid process, the 
cartilages of the seventh, eighth, ninth, and tenth ribs, and the ends of the cartilages 
of the eleventh and twelfth ribs. 

On either side of the thorax, from the axilla downwards, the external surfaces 
of the ribs may be defined. Although covered by muscles, all the ribs, with the 
exception of the first, can generally be followed without difficulty over the front 
and sides of the thorax. The first rib, being almost completely covered by the 
clavicle, can only be distinguished 

in a small portion of its extent. Fig. 1237 .— The side of the thorax, showing the 

At the back, the angles of the surface markings for the bones, lung (purple), 
ribs lie on slightly marked oblique pleura (blue), and spleen (green), 
lines some distance from the 
spinous processes of the vertebrae. 

The lines diverge somewhat as 
they descend, and lateral to each 
line is a broad convex surface 
caused by the projection of the 
ribs beyond their angles. Over 
this surface, except where covered 
by the scapula, the individual ribs 
can be distinguished. 

The muscles. — The surface 
muscles covering the thorax belong 
to the musculature of the upper 
extremity (figs. 1236, 1240), and 
will be described in that section 
(p. 1295). There is, however, an 
area of practical importance 
bounded by these muscles. It is 
limited above by the lower border 
of the Trapezius, below by the 
upper border of the Latissimus. 
dorsi, and laterally by the verte- 
bral border of the scapula ; the 
floor is partly formed by the 
Rhomboideus major. If the trunk 
be flexed, and the scapula drawn 
forwards by folding the arms 
across the chest, parts of the sixth 
and seventh ribs and the inter- 
space between them become sub- . , 

cutaneous and available for auscultation. The space is therefore known as the 

triangle of auscultation. . T . r 

The mamma. — The size of the mamma is subject to great variations. In the 
adult nulliparous female it extends vertically from the second to the sixth rib, and 
transversely from the side of the sternum to the midaxillary line.. In the male 
and in the nulliparous female the mammary papilla or nipple is situated in the 
fourth interspace about 9 or 10 cm. from the middle line. 
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The bony landmar ks. — The second costal cartilage is on a level with the sternal 
angle, and is so readily found that it is used as a starting-point from which to count 
the ribs. The lower border of the Pectoralis major at its ongm corresponds to the 
fifth rib ; the uppermost visible digitation of the Serratus anterior indicates the 

sixth rib. 
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majora, and extending from the clitoris obliquely downwards, lateralwards, 
and backwards tor about 4 cm. on either side of the orifice of the vagina, 
between which and the labia majora they end; in the virgin the posterior 
ends oi the labia minora are usually joined across the middle line by a fold 
0 . skin, named the frenulum of the labia- , or fourchetle. Anteriorly, each labium 
minus divides into two portions : the upper division passes above the clitoris 
to meet its fellow of the opposite side, forming a fold which overhangs the 
glans clitoridis, and is 


Fig. 1194. — The external genital organs of the female. 
The labia have been drawn apart. 
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named the prceputium cli- 
toridis ; the lower division 
passes beneath the clitoris 
and is united to its under 
surface, forming, with its 
fellow of the opposite side, 
the frenulum clitoridis . On 
the opposed surfaces of the 
labia minora are numerous 
sebaceous follicles. 

The vestibule. — The 
cleft between the labia 
minora is named the vesti- 
bule of the vagina : in it 
are the vaginal and ex- 
ternal urethral orifices and 
the openings of the ducts 
of the greater vestibular 
glands. The part of the ves - 
tibule between the vaginal 
orifice and the frenulum of 
the labia minora consists 
of a shallow depression 
named the navicular fossa. 

The clitoris is an erec- 
tile structure, homologous 
with the penis. It is situ- 
ated beneath the anterior 
labial commissure, partially 
hidden between the anterior 
ends of the labia minora. 

The body of the clitoris 
(corpus clitoridis) consists 
of two corpora cavernosa, 
composed of erectile tissue 

enclosed in a dense layer of fibrous membrane, and separated along their medial 
surfaces by an incomplete fibrous pectiniform septum ; each corpus caver - 
nosum is connected to the pubic and ischial rami by a crus. The free extremity, 
or glans clitoridis , is a small rounded tubercle, consisting of spongy erectile 
tissue, and highly sensitive. The clitoris is provided, like the penis, with a 
suspensory ligament, and with two small muscles, the Ischiocavernosi, which 
are inserted into the crura of the clitoris. 

The vaginal orifice is a median sht below and behind the opening of the 
urethra ; its size varies inversely with that of the hymen . 

The hymen is a thin fold of mucous membrane situated at the orifice of 
the vagina ; the inner surfaces of the fold are normally in contact with each 
other, and the vaginal orifice appears as a cleft between them. The hymen 
varies much in shape. When stretched, its commonest form is that of a ring, 
generally broadest posteriorly ; sometimes it is represented by a semilunar 
fold, with its concave margin turned towards the pubes. Occasionally it is 
cribriform, or its free margin forms a membranous fringe. It may be entirely 
absent, or may form a complete septum across the lower end of the vagina ; 
the latter condition is known as an imperforate hymen. When the hymen 
has been ruptured, small rounded elevations known as the camnculce hymenales 
are found as its remains. 
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junction between the manubrium and body of the sternum. It follows the mid- 
sternal line to the lower end of the body of the sternum or on to the xiphoid process, 
and then turns lateralwards and downwards across the seventh sternocostal 


articulation. It crosses the eighth costochondral junction in the mammary line, 
the tenth rib in the midaxillary line, and is prolonged thence to the spinous process 
of the twelfth thoracic vertebra, to reach which it passes below the level of the 
medial part of the twelfth rib. The most dependent part of the pleural cavity 
is opposite the tenth rib in the midaxillary line. 

On the left side the line passes through the sternoclavicular articulation, reaches 
the midpoint of the junction between the manubrium and body of the sternum, 
and extends down the midsternal line to the level of the fourth costal cartilage. 
It then inclines to the left and is continued downwards as far as the sixth costal 
cartilage ; it is situated at a variable distance from the midsternal line ; frequently 
it is behind the sternum all the way down, or it may be as much as T25 cm. from 
the side of the sternum. * Running downwards and lateralwards from the sixth 
costal cartilage it crosses the seventh costal cartilage, and from this onwards it is 
similar to the line on the right side but at a slightly lower level. 

The lungs (figs. 1237, 1238).— -The apex of the lung is situated in the neck above 
the medial one-third of the clavicle. The average height to which it rises above the 
clavicle is about 2*5 cm. 

In order to mark out the anterior borders of the lungs two lines, one from each 
apex, are drawn downwards and medialwards across the sternoclavicular articu- 
lation and manubrium sterni until they meet, or almost meet, at the midpoint 
of the sternal angle. From this point the two lines run downwards, in the mid- 
sternal line, as far as the level of the fourth costal cartilages. On the rigid side 
the line is continued in the midsternal line to the level of the sixth costal cartilage, 
and then it turns lateralwards and downwards. On the left side the line curves 
lateralwards and downwards across the fourth sternocostal articulation to reach 
the parasternal line at the fifth costal cartilage, and then turns medialwards and 
downwards to the sixth sternocostal articulation. 

In the position of expiration the lower border of the lung may be marked by a 
line slightly carved with its convexity downwards, from the sixth sternocostal junction 
to the tenth thoracic spinous process. This line crosses the mammary line at the 
sixth, the midaxillary line at the eighth, and the scapular line at the tenth rib 

The posterior borders of the lungs are indicated by lines drawn from the level 
of the spinous process of the seventh cervical vertebra, down either side ot the 
vertebral column, across the costovertebral joints, as low as the spmous process 


of the tenth thoracic vertebra. , _ 

The position of the oblique fissure in either lung can be shown bv a line drawn 
from the spinous process of the second thoracic vertebra round the side of the 
thorax to the sixth rib in the mammary line ; this line corresponds roughly to 
that of the vertebral border of the scapula when the hand is placed on the top 
of the head. The horizontal fissure in the right lung is indicated by an almos 
horizontal line drawn from the midsternal line at the level of the fourth costal 
cartilage to the point where the oblique fissure cuts the midaxillary line. 

■The roots of the lungs are placed opposite the spmous processes of the fo . • , 
fifth and sixth thoracic vertebrae, i.e. they extend from just below the root of th 
spine of the scapula, almost to the inferior angle of the scapula. 

1 The trachea.-— The course of the trachea may he marked out on the hack by a 
line from the spinous process of the sixth cervical to that of the fourth thoracic 
vertebra • at the latter level the trachea bifurcates, and from its bifurcation the 
two bronchi are directed downwards and lateralwards. Anteriorly, the p m ■ 
of bifurcation is opposite to or a little below the sternal angLe. , •, 

The esophagus.— -The extent of the oesophagus may be indicated on the back 
by a line from the sixth cervical spinous process to a point 2'5 cm. on the left of 

heart in relation to the front of the thorax 
cfi 1 9^3 1 o-rqi can be represented bv a quadrangular figure. («) The apex of 

IKSVS siTr point a. “ “ 

of the line. The oth» t&ge 1 cm 

costal articulation , c) the upper Doraer m 8 second left costal 
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The size of the spleen slowly increases during digestion, and varies according to the 
state of nutrition of the body, being large in highly fed, and small in starved, animals. 
In malarial fever it is greatly enlarged, and may weigh as much as 9 kilos. 

Frequently in the neighbourhood of the spleen, and especially in the gastrolienal ligament 
and greater omentum, small encapsulated nodules of splenic tissue may be found, either 
isolated or connected to the spleen by thin bands of splenic tissue. They are known as 
accessory spleens. 

Structure. — The spleen is invested by two coats : an external serous and an internal 
fibro-elastic coat. 

The external or serous coat is derived from the peritoneum ; it is thin, smooth, and in 
the human subject intimately adherent to the fibro-elastic coat. It invents the entire 
organ, except at the hilum and along the lines of reflection of the lienorenal and gastrolienal 
ligaments. 

The fibro-elastic coat or tunica propria invests the organ, and at the hilum is reflected 
inwards upon the vessels in the form of sheaths. From these sheaths, as well as from the 


Fig. 1210. — A transverse section through the spleen, showing the trabecular tissue 
and the splenic, vein and its tributaries. 








inner surface of the fibro-elastic coat, numerous small fibrous bands, trabeculae (fig. 1210), 
are given off in all directions ; these unite to form the framework of the spleen, in the 
interspaces of which is contained the splenic pulp . 

The fibro-elastic coat, the sheaths of the vessels, and the trabeculae, are composed of 
white, and yellow elastic, fibres, the latter predominating. It is owing to the presence 
of the elastic tissue that the spleen possesses a considerable amount of elasticity, which 
allows of the very great variations in size that it presents under certain circumstances. 
In addition to these constituents there is a small amount of non-striped muscular fibre. 
In some mammals (e.g. dog, pig, and cat) the trabeculse consist chiefly of muscular tissue. 

The splenic pulp is a soft mass of a dark reddish-brown colour; it consists of a fine 
reticulum of fibres, continuous with those of the trabeculse, to which are applied fiat, 
branching cells. The meshes of the reticulum are filled with blood, in which, however, 
the white corpuscles are found to be in larger proportion than they are in ordinary blood. 
Large, rounded cells, termed splenic cells , are also seen ; these are capable of amoeboid 
movement, and often contain pigment and red blood-corpuscles in their interior. The 
cells of the reticulum each possess a round or oval nucleus, and like the splenic cells they 
may contain pigment-granules in their cytoplasm ; they do not stain deeply with carmine, 
and in this respect differ from the cells of the Malpighian bodies. In the young spleen 
giant cells may be found, each containing numerous nuclei or one compound nucleus. 
Nucleated red blood-corpuscles have also been found in the spleen in young animals. 

Blood-vessels of the spleen. — The lienal artery is remarkable for its large calibre in 
proportion to the size of the organ, and also for its tortuous course. It divides into six or 
more branches, . which enter the hilum of the spleen and ramify throughout its substance 
(ng. 1211) receiving sheaths from an involution of the external fibrous tissue. Similar 
sheaths also invest the nerves and veins. 



1282 


SURFACE ANATOMY AND SURFACE MARKINGS 


midway between this point and the umbilicus, are usually well marked ; the third, 
opposite the umbilicus, is not so distinct. Between the two Recti the furrow of 
the linea alba can be traced from the xiphoid process to a poi&t just below the 
umbilicus, beyond which it disappears owing to the apposition of the muscles ; 


Big. 1240. — The surface anatomy of the front of the thorax and abdomen. 



aboxe the umbilicus the linea alba is felt as a band, whilst below, it is a rounded 
cord. 

The vessels. In thin subjects the pulsation of the abdominal aorta is felt on 
making deep pressure in the middle line above the umbilicus. 

The viscera.— Under normal conditions the various portions of the digestive tube 
cannot be identified by simple palpation, but under certain conditions peristalsis 
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of the sis of small intestine can be observed in persons with extreme! v thin 
abdommai walls. In cases of constipation it is commonly possible to trace portions 
. great intestine by feehng the fecal masses within the gut. In thin persons 
with relaxed abdominal walls the iliac portion of the descending colon can be felt 
in the left iliac region— -rolling under the fingers when empty, anti formintr a distinct 
tumour when distended. 

. The liver lies mainly under cover of the lower ribs and their cartilages, but 
m the epigastric fossa a portion of it comes in contact with the abdominal wall. 
The position of the liver varies according to the posture of the body. In the erect 
posture the inferior margin of the liver projects about 1 cm. below the lower margin 
of the right costal cartilages, and can often be felt if the abdominal wall is thin. 
In the supine position the liver recedes above the lower margin of the thorax and 
cannot then be detected by the' fingers ; in the prone position it fails forwards 
and is then generally palpable in a patient with lax abdominal walls. Its position 
varies with the respiratory movements ; during a deep inspiration it descends 
below the ribs, in expiration it is raised. Pressure from without, as in tight lacing, 
displaces, the liver considerably, its anterior edge frequently extending as low 
as the iliac crest. Again, the position of the liver varies greatly with the state 
of the stomach and intestines ; when these are empty the liver descends, when 
they are distended it is pushed upwards. 

The pancreas can sometimes be felt in emaciated subjects, if the stomach and 
colon are empty, by making deep pressure in the middle line about 7 or 8 cm. above 
the umbilicus. 

The spleen , unless it is enlarged or misplaced, cannot be felt. 

The kidneys are deeply situated at the back of the abdominal cavity ; they 
can be palpated bimanually, i.e. with one hand pressing forwards in the loin between 
the last rib and the iliac crest, and the other pressing strongly backwards under 
the costal margin urthe lateral abdominal line. 


THE SURFACE MARKINGS OF THE ABDOMEN 

The bony landmarks. — Above, the chief bony markings are the xiphoid process, 
the lower six costal cartilages and the anterior ends of the low r er six ribs. The 
junction between the body of the sternum and the xiphoid process is at the level of 
the fibrocartilage between the ninth and tenth thoracic vertebrae. Below, the 
main landmarks are the symphysis pubis, the pubic crest and tubercle, the anterior 
superior iliac spine, and the iliac crest. 

The muscles (fig. 1240). — The Rectus abdominis lies between the linea alba and 
the linea semilunaris ; the latter is indicated by a curved line, convex lateralwards, 
from the tip of the cartilage of the ninth rib to the pubic tubercle ; at. the level of 
the umbilicus the linea semilunaris is about 7 cm. from the middle line, i.e. about 
midway between the umbilicus and the anterior superior iliac spine. The line 
indicating the junction of the muscular fibres of Obliquus externus with its aponeurosis 
extends from the tip of the ninth costal cartilage to a point just medial to the 
anterior superior iliac spine. 

The umbilicus is at the level of the middle of the body of the fourth lumbar 
vertebra. 

The centre of the subcutaneous inguinal ring is situated ! cm. above and lateral 
to the pubic tubercle ; the centre of the abdominal inguinal ring is about 1 cm. 
above* the middle of the inguinal ligament. The position of the inguinal canal is 
indicated by a line joining these two points. 

The surface lines.-— For convenience of description of the viscera and of reference 
to morbid conditions of the contained parts, the abdomen is divided into nine 
regions, by imaginary planes, two horizontal and two sagittal, the edges of the 
planes being indicated by lines drawn on the surface of the body (fig. 1241). In 
the older method the upper, or subcostal, horizontal line encircles the body at 
the level of the lowest points of the tenth costal cartilages ; the lower, or inter- 
tubercular, is a line carried through the highest points of the iliac crests seen from 
the front, i.e, through the tubercles on the iliac crests about 5 cm. behind the anterior 
superio r spines. An alternative method is that of Addison, who adopted the following 
lines * (1) an upper transverse, the transpylorie t halfway between the jugular notch 
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and tiie upper border of the symphysis pubis this indicates* the edge of the 
transpyloric plane which in most cases cuts through the pylorus, the tips of the 
ninth costal cartilages and the lower border of the first lumbar vertebra ; clinically 
it is convenient but not so accurate to draw this line transversely through a point 
midway between the infrasternal notch and the umbilicus ; (2) a lower transverse 


’Fig. 1241. — The surface lines of the front of the thorax and abdomen. 



line midway between the transpyloric and the upper border of the symphysis 
pubis ; this is termed the transtubercular since it very nearly corresponds to that 
passing through the tubercles on the iliac crests ; behind, its plane cuts the body 
of the fifth lumbar vertebra. 

By means of these horizontal planes the abdomen is divided into three zones 
named from above, subcostal, umbilical, and hypogastric. Each of these is further 
subdivided into three regions by the two sagittal planes, which are indicated on 
the surface by a right and a left lateral line drawn vertically through points halfway 
between the anterior superior iliac spine and the middle line. The middle region 
of the upper zone is called the epigastric, and the lateral regions the right and 
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left hypochondriac. The central region of the middle zone is the umbilical, and 
the lateral regions the right and left lumbar. The middle region of the lower zone 
is the hypogastrib or pubic, and the lateral regions are the right and left iliac or 
inguinal. The* epigastric, umbilical, and pubic regions can each be divided into 
right and left portions by the middle line. In the following description of the 
viscera the regions marked out by Addison’s lines are those referred to. 

The stomach (fig. 1243). — The shape of the stomach is constantly undergoing 
alteration ; it is affected by the particular phase of the process of gastric digestion, 
by the state of the surrounding viscera, and by the amount and character of its 
contents. Its position also varies with that of the body (fig. 1242), so that it is 
impossible to indicate it on tbe surface with any degree of accuracy. The measure- 
ments given refer to a moderately filled stomach with the body in the supine 
position. 

The cardiac orifice is opposite the seventh left costal cartilage about 2*5 cm. 
from the side of the sternum ; it corresponds to the level of the tenth thoracic 
vertebra. The pyloric orifice is on the transpylorie line about 1 cm. to the right 
of the middle line, or alternatively 5 cm. below the seventh right sternocostal 


Fig. 1242. — Skiagrams of a half -filled stomach, showing the influence of 
posture. (After A. F. Hurst.) 



articulation ; it is at the level of the first lumbar vertebra. A curved line, convex 
downwards and to the left, joining these points indicates the lesser curvature. 
In the left lateral line the fundus of the stomach reaches as high as the fifth inter- 
costal space or the sixth costal cartilage, a little below the apex of the heart, io 
indicate the greater curvature a curved line is drawn from the cardiac orifice to tne 
summit of the fundus, thence downwards and to the left, finally turning medialwards 
to the pyloric orifice, but passing on its way, through the intersection of the Jett 
lateral with the transpylorie line. The portion of the stomach which is in contact 
with the abdominal wall can be represented roughly by a triangular area, the base 
of which is formed by a line drawn from the tip of the tenth left costal cartilage to 
the tip of the ninth right cartilage, and the sides by two lines drawn from the end 
' of the eighth left costal cartilage to the ends of the base line. i , 

A space of some clinical importance— the space of Traube — -overlies the s.omach , 
it is semilunar in outline and has the following boundaries : the lower edge of the 
left lung, the anterior border of the spleen, the left costal margin, and the inferior 

mar fhe duodenum (fig. 1244).— The superior part is nearly horizontal and extends 
frol the pvTorrto the right lateral line ; the descending part is situated medial 
to the right lateral line, and reaches from the transpylonc line to a point midway 
between the transpylorie and transtubercular lines. The horizontal part runs 
with a slight upward slope from the end of the descending part to the left of the 
middle line • tihe ascending part is vertical, and ends in the duodenojejunal flexure, 
S i ; to toe left of the middle line and a little below the transpylorie plane. 

The small intestine.— The coils of small intestine occupy the front of the abdo- 
tr .fi mA(! f r>arfc those of the iejunum are situated on the left side, i.e. m 

in L left Mf .< 
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of the ileum lie towards the right in the right lumbar and iliac regions, in the right 
half of the umbilical region, and in the hypogastric region ; a portion of the ileum 
is within the pelvis. The end of the ileum, i.e. the ileocolic junction, is slightly 
below and medial to the intersection of the right lateral and transtnbercular lines' 

The caecum and vermiform process. — The caecum is in the right iliac and hypo- 
gastric regions ; its position varies with its degree of distension, but the midpoint 
of a line drawn from the right anterior superior iliac spine to the upper margin of 
the symphysis pubis will mark approximately the middle of its lower border. 

The position of the opening of the vermiform process into the caecum is indicated 
by a point on the right lateral line on a level with the anterior superior iliac spine. 


Fig. 1243. — The front of the abdomen, showing the surface markings for the 
liver, stomach, and large intestine. 



The ascending colon. — The ascending colon passes upwards through the right 
lumbar region, just lateral to the right lateral line. The. right colic flexure is situated 
in the right lower angle of intersection of the transpyloric and right lateral lines. 

The^ transverse colon. — The transverse colon crosses the abdomen ; its lower 
border is slightly above the level of the umbilicus, its upper border just -below 
the greater curvature of the stomach. 

The descending colon. — The left colic flexure is situated in the upper left angle of 
the intersection between the left lateral and transpyloric lines. The descending 
colon courses down through the left lumbar region, lateral to the left lateral line, 
thence slightly medialwards to cross the left lateral line at the level of the anterior 
superior iliac spine. 

The liver (fig. 1243). — The upper limit of the right lobe of the liver, in the middle 
line, is at the level of the junction between the body and xiphoid process of the 
sternum ^ on the right side the line must be carried upwards as far as the fifth costal 
cartilage in the mammary line, and then downwards to reach the seventh rib at 
the side of the thorax. The upper limit of the left lobe can be defined by continuing 



1287 


THE SURFACE MARKINGS OF THE ABDOMEN 

this line to the sfeth left costal cartilage, 5 cm. from the middle line. The lower 
limit is represented by a lme drawn 1 chi. below the lower margin of the thorax 

Fig. 1244.— The front of the abdomen, showing the surface markings for the 
duodenum, pancreas and kidneys. 



on the right side as far as the ninth costal cartilage, thence obliquely upwards to 
the eighth left costal cartilage, crossing the middle line at the transpylorie plane 
and finally, with a slight left convexity, to the end of the line indicating the upper 
limit. 


According to Birmingham, 
the limits of the normal liver 
may he marked out on the 
surface of the body in the 
following manner. Take three 
points : (a) 1'25 cm. below 
the right nipple; (b) T25 
cm. below the tip of the right 
tenth rib ; ( c ) 2*5 cm. below 
the left nipple. Join (a) and 
(c) by a line slightly concave 
upwards at its middle part ; 
(a) and (b) by a line slightly 
convex lateral wards ; and (b) 
and (c) by a line slightly 
convex downwards. 

The fundus of the gall- 
bladder approaches the sur- 
face behind the anterior end 
of the ninth right costal car- 
tilage close to the lateral 
margin of the Rectus abdo- 
minis. 


Fig. 1245. — The back of the lumbar region, show- 
ing the surface markings for the kidneys, 
ureters, and spleen. 



The lower portions of the lung and pleura are shown on the right side. 


Tbe pancreas (fig. 1244).— , , , rj . , 

The pancreas lies in front of tbe first and second lumbar vertebras. Its bead 
occupies tbe curve of the duodenum, and is therefore indicated by the same lines as 
that viscus; its neck corresponds to the pylorus. Its body extends along the 
transpylorie line, the bulk of it lying above this line, to tbe tail, which is in the 
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left hypochondriac region slightly to the left of the lateral liile and above the 
transpyloric line. 

The spleen (figs. 1238, 1245).— To map out the spleen the tenth rib is taken 
as represen ting its long axis ; vertically it extends from the upper, border of the 
ninth rib to the lower border of the eleventh rib. The highest point is 4 cm. from 
the middle line of the back at the level of the tip of the ninth thoracic spinous 
process ; the lowest and foremost point is in the midaxillary line at the level of 
the first lumbar spinous process. 

The kidneys (figs. 1244, 1245).— The right kidney usually lies about 1 cm. lower 
than the left, but for practical purposes similar surface markings are taken for each. 

Fig. 1246— The front of the abdomen, showing the surface markings for the 
arteries and the inguinal canal. The line A, A is drawn at the level of 
the highest points of the iliac crests. 


Linea semilunaris 



On the front of the abdomen the upper pole lies midway between tbe plane of 
the lower end of the body of the sternum and the transpyloric plane, 5 cm. from 
the middle line. The lower pole is situated midway between the transpyloric 
and transtubercular planes, 7 cm. from the middle line. The hilum is on the 
transpyloric plane, 5 cm. from the middle line * Round these three points a kidney* 
shaped figure 4 cim to 5 cm. broad is drawn two-thirds of which lie medial to the 
lateral line. To indicate the position of the kidney from the back, the parallelogram 
of Morris is used ; two vertical lines are drawn, the first 2*5 cm., the second 9*5 cm. 
from the middle line ; the parallelogram is completed by two horizontal lines, 
one drawn at the level of the tip of the spinous process of the eleventh thoracic 
vertebra, and the other at the level of the lower border of tbe spinous process of 
tbe third lumbar vertebra. The hilum is 5 cm. from the middle line at the level 
of the spinous process of the first lumbar vertebra. 

The ureters. — On the front of the abdomen, the line of the ureter is from the 
hilum of the kidney to the pubic tubercle ; on the back, from the hilum vertically 
downwards, passing through the posterior superior iliac spine (fig. 1245). 

The arteries (fig. 1246). — The position of the inferior epigastric artery is marked 
by a line from a point midway between the anterior superior iliac spine and the 

* * Addison says that (1) one-third of the right kidney and two-fifths of the left are above the 
transpyloric plane, and (2) one-third of the right kidney and two-fifths of the left lie on the 
medial side of the corresponding lateral line. 
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pubic symphysis *to the umbilicus. This line also indicates the lateral boundary 
of Hesselbach's triangle , the other boundaries of which are the lateral edge of Rectus 
abdominis, and the medial half of the inguinal ligament. The line of the abdominal 
aorta begins in the middle line about 4 cm. above the transpyloric line and ends 
at a point 2 cm. below and to the left of the umbilicus — or 2 cm. to the left of the 
middle line at the level of the highest points of the iliac crests (A A, fig. 1246) ; 
the abdominal aorta ends at the level of the fourth lumbar vertebra. A line drawn 
from the point of termination of the abdominal aorta to a point midway between 
the anterior superior iliac spine and the symphysis pubis overlies tie* common 
aud external iliac arteries. The common iliac artery is represented by the upper 
one-third, and the external iliac artery by the lower two-thirds of rhis line. 

Of the larger branches of the abdominal aorta, the cceliac artery is 4 cm., and the 
superior mesenteric artery 2 cm. above the transpyloric Line ; the renal arteries are 
2 cm, below this line. The inferior mesenteric artery is 4 cm. above the bifurca- 
tion of the abdominal aorta. 

The nerves, — The positions of the lower six thoracic nerves on the anterior 
abdominal wall are represented by lines continuing those of the ribs. The seventh 
thoracic nerve ends at the level of the xiphoid process, the tenth at the level of 
the umbilicus, and the twelfth about midway between the umbilicus and the upper 
border of the symphysis pubis. The anterior branch of the iliohypogastric nerve 
becomes cutaneous about 3 cm. above the subcutaneous inguinal ring ; the ilio- 
inguinal nerve at the ring. 


THE SURFACE ANATOMY OF THE PERINEUM 

The skin.— In the middle line of the posterior part of the perinfeum and about 
4 cm. in front of the tip of the coccyx is the anal orifice, the skin around which is 
thrown into a series of folds which converge towards the orifice, and are continued 
upwards into the lower part of the anal canal. The junction of the mucous mem- 
brane of the anal canal with the skin is marked by a white line which indicates 
also the line of contact of the external and internal Sphincters. The external 
genital organs are situated in the anterior part of the permseum. The skm covering 
the scrotum is rough and corrugated, but over the penis it is smoQ*. Extendmg 
forwards from the anus on to the scrotum and perns is a median ridge which indicates 
the scrotal raphe. In th e female are seen the skra reduplications forming the labia 
majora and minora laterally, the prepuce of the clitoris m front, and still more 

ant Th°e rl b 7 ones.— In^SnSateral boundaries of the perinaeum the whole outline 
of the pubic arch can he readily traced ending m the ischial tuberosities. Behind 
the middle line is the tip of the coccyx. * t 

The muscles and ligaments.-The margin of the Glutaus maxmmjor^Jhe 



SK= S lies on the s^e of the 

pubic arch, and the Sphincter am extemus, which, in action, closes the anal onhee 
and causes a puckering of the skin around it. 


THE SURFACE MARKINGS OF THE PERIN.UUM 
A 1- A,^-n transversely in front of the ischial tuberosities divides the 

iTcmTfcSnhl .Ml aperture, or, in the male, midway between the anus 

id reflection td through th. anal oriiio. enter. 

The rectum md ^ A uger^ 2 . 5 co „ d 

bmdTtLSi almost at right angle, into the rectum. The finger is first grasped 

, 2s2 

G.A, 
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by the Sphincter aui externus, passes into the region of the Sphincter ani internus, 
and higher up encounters the resistance of the Puborectalis : beyond this it may 
reach the lowest of the transverse rectal folds. In front (fig. 12^7), the urethral 
bulb and membranous part of the urethra are first identified, and then about 4 cm. 
above the anal orifice the prostate is felt ; beyond this the vesiculse seminales, 
if enlarged, and the fundus of the bladder, when distended, can be recognised. 
On either side is the ischiorectal fossa. Behind are the anococcygeal body, the 
pelvic surfaces of the coccyx and lower part of the sacrum, and the sacrospinous 
ligaments. 


Fig. 1247 . — A median sagittal section through the male pelvis. 
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In the female the posterior wall and fornix of the vagina, and the cervix and 
body of the uterus can be felt in front, while somewhat laterally the ovaries can 
just be reached. 

Further examination of the interior of the lower end of the digestive tube can 
be accomplished by viewing it through the proctoscope or sigmoidoscope. 

The male urogenital organs. — The corpora cavernosa penis can be followed 
backwards to the crura which are attached to the sides of the pubic arch. The glans 
penis, covered by the prepuce, and the external urethral orifice can be examined, 
and the course of the urethra traced along the under surface of the penis to the 
urethral bulb which is situated immediately in front of the central point of the 
perinaeum. The testes can be palpated through the wall of the scrotum, and along 
the posterior border of each the curved epididymis can be felt ; the spermatic cord 
ascends on the medial side of the epididymis, and may be traced upwards to the 
subcutaneous inguinal ring. The ductus deferens feels like a piece of whipcord,, 
and thus can be easily recognised in the posterior part of the spermatic cord. 

dEJy means of a sound the general topography of the urethra and bladder can 
be investigated ; with the urethroscope the interior of the urethra can be illuminated 
and viewed directly ; with the cystoscope the interior of the bladder may be illumin- 
ated in a similar manner for visual examination. In the bladder the main points to 
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which attention iS directed 
are : the trigone, the torus 
uretericus, the plicae ure- 
tericae, and th§ openings of 
the ureters and urethra (see 
fig. 1169). 

The female urogenital 
organs. — In the pudendal 
cleft (fig. 1248) between the 
labia minora are the open- 
ings of the vagina and 
urethra. In the virgin the 
vaginal opening is partly 
closed by the hymen — after 
coitus the remains of the 
hymen are represented by 
the carunculae hymenales. 
Between the vaginal orifice 
and the frenulum of the 
labia is the fossa navi- 
cularis, while in the groove 
between the hymen and the 
labium minus, on either side, 
the small opening of the 
greater vestibular (Bartho- 
lin’s) gland is visible. These 
glands when enlarged can 
be felt on either side of the 
posterior part of the vaginal 
orifice. By inserting a finger 
into the vagina the following 
structures may be examined 
through its wall (fig. 1249). 


Pig. 1248 -— Tke external genital organs of the female. 
Ihe labia minora have been drawn apart. 



Clitoris 


Vestibule 

, External 
urethral 
orifice 


v Vaginal 
orifice 
Hymen 



Fig. 1249. — A median sagittal section through the female pelvis. 
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Behind, from below upwards, are the anal canal, the rectum, and the recto-uterine 
excavation. Projecting into the roof of the vagina is the vaginal portion of the 
cervix uteri with the external uterine orifice ; in front of and behind the cervix 
are the anterior and posterior vaginal fornices. With a finger in the vagina and 
the other hand on the abdominal wall the whole of the cervix and bodv of the 
uterus, the uterine tubes, and the ovaries can be palpated ; the ureter, as it crosses 
the lateral fornix to enter the bladder, can be rolled between the finger and the 
inner surface of the os pubis. If a speculum be introduced into the vagina, the walls 
of the passage, the vaginal portion of the cervix uteri, and the external uterine orifice 
can all be exposed for visual examination. 

The external urethral orifice lies in front of the vaginal opening, and has rather 
prominent margins. The urethral canal in the female is very dilatable and can 
be explored with the finger. About 2'5 cm. in front of the external orifice of the 
urethra are the glans and prepuce of the clitoris, and still further forward, the 
mons pubis. 


THE SURFACE ANATOMY OF THE UPPER EXTREMITY 

The skin. — The skin covering the shoulder and arm is smooth and very movable 
on the underlying structures. In the axilla there are numerous hairs and many 
sudoriferous and sebaceous glands. On the medial side and front of the forearm 
the skin is thin and smooth, and contains few hairs but many sudoriferous glands ; 
on the lateral side and back of the arm and forearm it is thicker, denser, and con- 
tains more hairs but fewer sudoriferous glands. In the region of the olecranon 
it is thick and rough ; it is very loosely connected to the underlying tissue, and 
falls into transverse wrinkles when the forearm is extended. At the front of the 
wrist there are three transverse furrows in the skin ; they correspond from above 
downwards to the positions of the styloid process of the ulna, the radiocarpal 
or wrist-joint, and the midcarpal joint. 

The skin of the palm of the hand is hard and dense, and covered with a thick 
layer of epidermis ; on the thenar eminence these characteristics are less marked 
than elsewhere. It is exceedingly sensitive and very vascular, but is destitute 
of hairs and sebaceous glands. It is tied down by fibrous bands along the lines 
of flexion of the digits, and exhibits certain furrows of a permanent character. 
One of these furrows begins in front of the wrist at the tuberosity of the navicular 
hone, curves round the thenar eminence, and ends on the lateral border of the hand 
near the level of the metacarpophalangeal joint of the index finger; a second 
begins at the distal end of the first and extends obliquely across the palm to reach the 
medial border about the middle of the fifth metacarpal bone ; a third begins at the 
medial border about 2*5 cm. distal to the end of the second, and extends across 
the heads of the fifth, fourth, and third metacarpal bones. The medial part of the 
third line and the lateral part of the second line lie in front of the metacarpophalan- 
geal joints of the fingers. The proximal segments of the fingers are joined to one 
another on the volar aspect by folds of skin constituting the 4 web 5 of the fingers ; 
these folds are about opposite the level of the centres of the proximal phalanges 
and their free margins are continuous with the transverse furrows at the roots 
of the fingers. . Since the web is confined to the volar aspect, the fingers appear 
shorter when viewed from in front than from behind. Over the fingers and thumb 
the skin is thinner, especially at the flexures of the joints (where it is crossed by 
transverse furrows) and over the terminal phalanges ; it is disposed in numerous 
ridges in consequence of the arrangement of the papillae in it. These ridges form, 
in different individuals, distinctive and permanent patterns which can be used 
for purposes of identification. 

The superficial fascia in the palm of the hand is made up of dense fibro-fatty 
tissue which binds the skin so firmly to the palmar aponeurosis that very little 
movement is permitted between the two. 

> On the back of the hand and fingers the subcutaneous tissue is lax, and the 
skin is freely movable on the underlying parts. Over the interphalangeal joints 
it is very loose and is thrown into transverse wrinkles when the fingers are extended. 

The bones.~-The clavicle can be felt throughout its entire length. The enlarged 
sternal end projects above the sternum at the side of the jugular notch, and from 
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this the body of the bone can be traced lateralwards under the skin. The medial 
part is_convex forwards,, but the surface is partially obscured by the attachments 
of the Sternocleidomastoideus and Pectoralis major ; the lateral one- third is concave 
forwards and *ends in a slight enlargement at the acromion of the scapula. The 
clavicle is almost horizontal when the arm is lying by the side, although in muscular 
subjects it may incline a little upwards at its acromial end, which is on a plane 
posterior to tlie sternal end. 

The only parts of the scapula that are subcutaneous are the spine and acromion, 
but the coracoid process, the vertebral border, the inferior angle, and to a lesser 
extent the axillary border can be readily defined. The acromion and the posterior 
border of the spine are easily recognisable throughout their entire extent, forming 
with the clavicle the arch of the shoulder. The acromion forms the point of the 
shoulder ; it joins the clavicle at an acute angle — the acromial r.n.de— sli'ihth* 
medial to, and behind the tip of the acromion. The spine can be felt in tlm floor 
of an oblique depression and becomes less distinct when traced medial wards ; 
it ends in a slight dimple a little lateral to the spinous process of the third thoracic 
vertebra. Below this point the vertebral border may be followed downwards and 
lateralwards to the inferior angle, which is easily identified although covered by 
the Latissimus dorsi. From the inferior angle the axillary border may be traced 
upwards through its thick muscular covering, forming with its enveloping muscles 
the posterior fold of the axilla ; this fold is more vertical in direction than the 
anterior fold of the axilla, and can he seen from the front. The coracoid process is 
situated about 2 cm. below the junction of the intermediate with the lateral one-third 
of the clavicle ; it is covered by the anterior border of the Deltoideus, and thus lies 
a little lateral to the infraclavicular fossa or depression which marks the interval 


between the Pectoralis major and Deltoideus. 

The humerus is almost entirely surrounded by muscles, and the only^ parts 
which are subcutaneous are its medial and lateral epicondyles ; in addition to 
these, however, the tubercles and a part of the head of the bone can be felt under 
the slrin and muscles by which they are covered. The greater tubercle forms the 
most prominent bony point of the shoulder, extending beyond the acromion ; it 
is best recognised when the arm is lying passive by the side, for if the arm he raised 
it recedes under the arch of the shoulder. The lesser tubercle, directed forwards, 
is medial to the greater, and is separated from it by the intertubercular sulcus, which 
can be made out bv deep pressure. When the arm is abducted the lower part 
of the head of the humerus can be felt by pressing deeply in the axilla, On either 
side of the elbow-joint and just above it are the medial and lateral epicondyles. 
Of these, the former is the more prominent, hut the medial supracondylar ridge 
is much less marked than the lateral, and as a rule is not palpable ; occasionally , 
however, the hook-shaped supracondylar process (p. 284*) is found on this border. 
The position of the lateral epicondyle is best seen during semiflexion of the forearm, 
and is indicated by a depression *, from it the strongly marked lateral supra- 
condylar ridge runs upwards. 

The most prominent part of the alna } the olecranon, can always be identified at 
the back of the elbow-joint; when the forearm is flexed its upper quadrilateral 
surface is palpable, but during extension this surface recedes into the olecranon 
fossa. During extension the upper border of the olecranon is slightly above the 
level of the medial epicondyle and nearer to this than to the lateral epicondyle ; 
when the forearm is fully flexed the olecranon and the epicondyles form the angles 
of an equilateral triangle. On the back of the olecranon is a smooth triangular 
subcutaneous surface, and running down the back of the f^earm 
of this triangle the sinuous dorsal border of the ulna can be felt m its whole length . . 
above, it is situated in the middle of the back of the limb ; bu below, where t s 
rounded off, it may be traced to the small subcutaneous surface of the styloid process 

the medial side of the wrist. The styloid process forms a prominent tubercle 
continues above with the dorsal border and ending below in a blunt apex at the 
level of tbe wrist-joint ; it is most evident when the hand is m a position midday 
between supination and pronation. When tbe forearm is pronated the bead o 
the Xa projects on the back of the wrist ; between the head and styloid process 
of the ulna is the groove which lodges the tendon of the Extensor carpi uluaris. ^ 

t> t __ la-f-JL] enicondvle of the humerus a portion of the head of the radius 
i. ™£bl. * to To ST Sk on the surface by a little dimple which is 
best K when the arm is extended. Ii a finger he placed m tics dimple and tire 
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semiflexed * forearm pronated and supinated the head of the radius will be felt 
rotating in the radial notch. The upper half of the body of the bone is obscured 
by muscles ; the lower half can be readily examined, and when traced downwards 
is found to end in a lozenge-shaped convex surface on the lateral side of the base 
of the styloid process ; this is the only subcutaneous part of the bone, and from 
its lower end the apex of the styloid process bends medialwards towards the wrist. 
The styloid process of the radius is about 1*25 cm. below the level of the styloid 
process of the ulna. About the middle of the dorsal surface of the lower end of 
the radius is the dorsal radial tubercle, best perceived when the wrist is slightly 
flexed ; it forms the lateral boundary of the oblique groove in which the tendon 
of the Extensor pollicis longus lies. 

On the front of the wrist are two subcutaneous eminences, one, on the radial 
side, produced by the tuberosity of the navicular bone , and the ridge on the greater 
multangular lone ; the other, on the ulnar side, by the pisiform bone . These 
eminences are crossed by the most distal of the three transverse skin furrows on the 
front of the wrist. The rest of the volar surface of the carpus is covered by tendons 
and the transverse carpal ligament, and is entirely concealed, with the exception 
of the hamulus of the hamate bone , which, however, is difficult to' define. On the 
dorsal surface of the carpus the triquetral bone can be clearly made out, and when 
the wrist-joint is acutely flexed the head of the capitate bone may be felt. 

The dorsal surfaces of the metacarpal bones , except that of the fifth, are covered 
by the extensor tendons, and are visible only in very thin hands ; the dorsal surface 
of the fifth is, however, subcutaneous throughout almost its whole length. The 
styloid process of the third metacarpal bone is frequently well marked ; it forms 
a prominence situated slightly lateral to the middle line of the hand and about 
4 cm. distal to the dorsal radial tubercle. The heads of the metacarpal bones 
are rounded in contour and stand out in bold relief under the skin when the fist 
is clenched ; the head of the third is the most prominent. In the palm of the hand 
the metacarpal bones of the fingers are covered by muscles, tendons, and 
aponeuroses, so that only their heads can be distinguished. The base of the meta- 
carpal bone of the thumb, however, is prominent dorsally, and the body of the 
bone is easily palpable, ending at the head in a flattened prominence in front of 
which are the sesamoid bones. 

The enlarged ends of the phalanges can be easily felt. When the digits are 
flexed, a slight concavity can be recognised on the distal end .of each of the first 
phalanges ; the distal ends of the second phalanges are flattened and square-shaped. 

The articulations. — The sternoclavicular joint is subcutaneous, and its position is 
indicated by the enlarged sternal extremity of the clavicle, lateral to the long 
cord-like sternal head of Sternocleidomastoideus. If this muscle be relaxed a 
depression between the end of the clavicle and the sternum can he felt, defining 
the exact position of the joint. 

The position of the acromioclavicular joint is ascertained by determining the 
slightly enlarged acromial end of the clavicle which projects above the level of 
the acromion ; sometimes this enlargement is so considerable as to form a rounded 
eminence. The shoulder-joint is deeply seated and cannot he palpated. 

When the forearm is slightly flexed a curved crease or fold with its convexity 
downwards is seen in front of the elbow, extending from one epicondyle to the 
other ; the elbow-joint is slightly distal to the middle of the fold. The position 
of the radiohumeral part of the joint can he ascertained by feeling for a slight 
groove or depression between the head of the radius and the capitulum of the 
humerus, at the hack of the elbow-joint. 

The position of the proximal radio-ulnar joint is marked on the surface at the*back 
of the elbow by the dimple which indicates fche position of the head of the radius. 
The site of the distal radio-ulnar joint can be defined by feeling for the slight 
groove at the hack of the wrist, between the prominent head of the ulna and the 
lower end of the radius, when the forearm is in a state of almost complete pronation. 

Of the three transverse skin furrows on the front of the wrist, the middle corre- 
sponds fairly accurately with the radiocarpal or wrist- joint , and the most distal 
indicates the position of the midcarpal articulation . 

The metacarpophalangeal and inter phalangeal joints are readily available for 
surface examination ; the former are situated just distal to the prominences of 
the knuckles, the latter are sufficiently indicated by the furrows on the volar, 
and the wrinkles on the dorsal, surfaces. 
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The muscles (figs. 1250 3 1251).-The anterior border of the Trapezius present, as 
Lnmht . do w “ wards and forwards from the superior nuchal line of the 
^Tt, JU v Ct T ° f intermediate with the lateral one-third of the 

clavicle. Th® inferior border of the muscle forms an undulating ridge passing 
downwards and medialwards from the root of the spine of the scapula to the spinous 
process of the twelfth thoracic vertebra. 


Fic. 1250. — The front of the right upper ext remit v. 



The lateral border of the Latissimus dorsi (fig. 1236) may he traced, when the 
muscle is in action, as a rounded edge starting from the iliac crest a little lateral 
to the Sacrospinalis, and slanting obliquely forwards and upwards to the axilla, 
where it takes part with the Teres major in forming the posterior axillary fold ; 
the Latissimus dorsi forms the medial rounded muscular part of the fold, the Teres 
major the thinner lateral part. 

The Pectoralis major (fig. 1240) conceals a considerable part of the thoracic 
wall in front. Its sternal origin presents a border which bounds and determines 
the width of the sternal furrow. The upper margin is generally well marked near 
the clavicle, and forms the medial boundary of the infraclavicular fossa, which 
separates the Pectoralis major from the Deltoideus ; it gradually becomes less 
distinct as it approaches the tendon of insertion and cannot be differentiated from 
the Deltoideus. The lower border of the Pectoralis major forms the rounded 


Fig. 1251. — The hack of the right upper extremity. 



anterior axillary fold. Occasionally a gap is visible between the clavicular and 

sternal parts of the muscle. . . . . „ , 7 . , , 

When the arm is raised the lowest slip of origin of the Pectoralis minor produces 
a fulness below the anterior axillary fold and serves to break the sharp outline 

of the lower border of the Pectoralis major. 

The origin of the Serratus anterior (figs. 1236, 1240) causes a very characteristic 
surface marking. When the arm is abducted the lower five or six serrations can 
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be seen, separated from those of the Obliquus externus abdominis by a zigzag 
line. When the arm is by the side the highest visible serration is that attached 
to the fifth rib. 

The Deltoideus with the underlying prominence of the upper end of the humerus 
produces the rounded contour of the shoulder ; it is rounder and fuller in front 
than behind, where it presents a somewhat flattened form. Above, its anterior 
border presents a slightly curved eminence which forms the lateral boundary of 
the infraclavicular fossa ; below, it is closely united with the Pectoralis major. 
Its posterior border is thin, flattened, and scarcely evident above, but is thicker and 
more prominent below. The insertion of the Deltoideus is marked by a depression 
on the lateral side of the middle of the arm. *■ 

Of the scapular muscles the Teres major assists the Latissimus dorsi to form 
the thick, rounded posterior axillary fold. 

When the arm is raised the Coracobrachialis appears as a narrow elevation 
emerging from under cover of the anterior axillary fold and running medially to 
the upper half of the body of the humerus. 

On the front and medial aspects of the arm is the prominence of the Biceps 
brachii , bounded on either side by a depression. It determines the contour of 
the front of the arm and extends from the anterior axillary fold to the bend of the 
elbow ; its upper tendons are concealed by the Pectoralis major and Deltoideus, 
and its lower tendon sinks into the cubital fossa. When the muscle is fully con- 
tracted it presents a globular form, and the lacertus fibrosus (bicipital fascia) attached 
to its tendon of insertion becomes prominent as a sharp ridge running downwards 
and medial wards. 

On either side of the Biceps brachii at the lower part of the arm the Brachialis 
is discernible. Laterally it forms a narrow eminence extending some distance up 
the arm ; medially it produces only a slight fulness above the elbow. 

On the back of the arm the long head of the Triceps brachii may be seen as a 
longitudinal eminence, emerging from under cover of the Deltoideus and gradually 
passing into the flattened plane of the tendon of insertion of the muscle at the 
lower part of the back of the arm. When the muscle is in action its medial and 
lateral heads are prominent. 

On the front of the elbow are two muscular elevations, one on either side, which 
converge below and form the medial and lateral boundaries of the cubital fossa.. 
The medial elevation consists of the Pronator teres and the flexors, and is fusiform, 
pointed above at the medial epicondyle, and gradually tapering ofE below. The 
Pronator teres is the most lateral of the group, while the Flexor carpi radialis , lying 
to its medial side, is the most prominent and may be traced downwards to its 
tendon ; this tendon is easily identified as far as the front of the wrist where it 
is placed on the medial side of the radial artery and on the lateral side of the 
median nerve. The Palmans longus presents no surface marking above, but below, 
its tendon stands out when the muscle is in action as a sharp cord in front of 
the middle of the wrist, just medial to the tendon of the Flexor carpi radialis, and 
immediately in front of the median nerve. The Flexor digitorum sublimis does 
not directly influence surface form ; the position of its four tendons on the front 
of the lower part of the forearm is indicated by an elongated depression between the 
tendon of the Palmaris longus and that of the Flexor carpi ulnaris. The Flexor 
carpi ulnaris determines the contour of the medial border of the forearm, and 
is separated from the extensor group of muscles by the ulnar furrow the floor 
of which is formed by the subcutaneous dorsal border of the ulna ; its tendon is 
evident along the ulnar border of the lower part of the forearm, and stands out 
when the little finger is strongly abducted. 

The elevation on the lateral side of the cubital fossa is produced by the Brachio- 
radialis, the extensors, and the Supinator ; it occupies the lateral and a considerable 
part of the dorsal surface of the forearm in the region of the elbow, and appears 
as a fusiform swelling which is on a higher level than that produced by the medial 
elevation. Its apex is between the Triceps brachii and Brachialis some distance 
above the elbow-joint ; . its greatest breadth is opposite the lateral epicondyle ; 
below this it shades off: into a flattened surface. About the middle of the forearm 
a furrow divides it into a lateral and a medial eminence. The lateral eminence 
consists of the Brachioradialis , the Extensor carpi radialis longus and the Extensor 
carpi radialis brevis. The medial border of the Brachioradialis starts as a rounded 
elevation above the lateral epicondyle ; lower down, the muscle forms a prominent 
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mass on the radial side of the upper part of the forearm ; below, it tapers to its 
tendon which may be traced to the base of the styloid process of the radius. The 
medial eminence comprises the Extensor digitorum communis. Extensor dig id guluti 
proprius, and^the Extensor carpi ulnaris ; it begins at the lateral epieondvle of the 
humerus as a tapering mass which is separated above from the Anconteus by a 
well-marked groove, and below from the Flexor carpi ulnaris by the ulnar furrow. 
The Anconceus produces a triangular, slightly elevated area, immediately lateral 
to the subcutaneous surface of the olecranon and separated from the extensor 
group by an oblique ^ depression ; the upper angle of the triangle is at the dimple 
behind the lateral epicondyle. 

At the dower part of the back of the forearm in the interval between the lateral 
and medial eminences is an oblique elongated swelling, full above but flattened 
and partially subdivided below ; it is caused by the Abductor poUicis long us and 
the Extensor poUicis brevis. It crosses the dorsal and lateral surfaces of the radius 
to the lateral side of the wrist-joint, whence it is continued to the dorsal surface of 
the thumb as a ridge which is best marked when the thumb is extended. 

The tendons of most of the extensor muscles can be seen and felt on the back 
of the wrist. Laterally is the oblique ridge produced by the Extensor pollicis 
longus ; it may be followed from the ridge on the dorsal surface of the lower end of 
the radius to the base of the distal phalanx of the thumb. When the wrist is extended 
the Extensor carpi radialis longus and the Extensor carpi radialis brevis can be 
identified running side by side from the lateral edge of the ridge on the dorsal 
surface of the lower end of the radius to the bases of the second and third metacarpal 
bones. Medial to these the extensor tendons of the fingers can be felt, the Extensor 
digiti quinti proprius being separated from those of the Extensor digitorum com- 
munis by a slight furrow. 

The muscles of the hand are principally concerned, as regards surface form, m 
producing the thenar and hypothenar eminences, and cannot be individually 
distinguished; the thenar eminence, on the lateral side, is larger and rounder 
then the hypothenar, which is a long narrow elevation along the medial side of the 
palm. When the Palmaris brevis is in action it produces a wrinkling of the skin 
over the proximal part of the hypothenar eminence and a dimple on the medial 
border of the hand. On the back of the hand the Interossei donates fill the intervals 
between the metacarpal bones ; the first forms a prominent fusiform bulging when 

the thumb is adducted. . , , , . . , 77 . 

The arteries. — Above the middle of the clavicle the pulsation of the subclavian 
artery can be detected by pressing downwards, backwards, and medialwards against 
the first rib. The pulsation of the axillary artery , where the vessel crosses the 
second rib, can be felt below the middle of the clavicle medial to the coracoid 
process : along the lateral wall of the axilla the course of the artery can be easily 
followed close to the medial border of the Coracobrachiahs. The pulsation of the 
brachial artery can be recognised and the thickness of the vessel wall determined 
in the greater part of its course as it lies along the medial margin of the Biceps 
brachii f in the upper two-thirds of the arm it lies on the medial side of the humerus, 
but in the lower one-third is more directly in front of the bone. In front of the lower 
end of the radius, between the styloid process and Flexor carpi radialis, a portion 
of the radial artery is superficial and is used clinically for observations on the pulse. 

The veins -The superficial veins of the upper extremity are easily rendered 
visible by compressing the proximal trunks near the axilla ; their arrangement is 

deS The e irves ^ -Tht upMmost trunks of the brachial plexus can be felt for a short 
distance above* the clavicle as they emerge from under the lateral border of I Sterno- 
r . fiifk larver nerves derived from the plexus can he rolled under 

iKZ IgS £ S S” y »U, but ...not b, .ep.rat.ly identic. 

nerve can be detected in the sulcus nem ulnaris behind the medial epi- 
condyle of tbe humerus, but is more easily felt about 2 cm. below the elbow-]omt. 

THE SURFACE MARKINGS OF THE UPPER EXTREMITY 

The bony landmarks.-The bony landmarks as described above are so readily 
available for surface recognition that no special measurements are required to 
Scate theL It may be noted, however, that the medial angle of the scapula 
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is applied to tlie second rib, while the inferior angle lies against the seventh. . The 
intertubercular sulcus of the humerus is vertically below the acromioclavicular 
joint when the arm hangs by the side of the body with the palm of the hand 
forwards. 


Fig. 1252. — The mucous sheaths of the tendons on the front of the wrist and 
digits. (From a preparation by J. C. B. Grant.) 


Sheaths of terminal 
parts of Flexures 
digit orum 



Muscles of thenar 'ff.™ 


Sheath of Flexor 
pollicis longus 


Sheath of Flexor carpi 
radzalis 


Muscles of hypo- 
thenar eminence 


Common sheath of 
Flexores digit orum 
suhlimis et 
profundus 


Flexor carpi ulnaris 


The articulations. — The acromioclavicular joint is situated in a plane passing 
sagitally through the middle line of the front of the arm. The line of the elbow-joint 
is not straight ; the humeroradial portion is practically at right angles to the long 
axis of the humerus, and is situated about 2 cm. distal to the lateral epicondyle ; 
the humero-ulnar portion is oblique, and its medial end is about 2*5 cm. distal 
to the medial epicondyle. The position of the ivrist-joint can be indicated by. 



1299 


THE SURFACE MARKINGS OF THE UPPER EXTREMITY 

drawing a curved line, with its convexity upwards, between the stvloid processes 
of the radius and ulna ; the summit of the convexity is about 1 cm. above the centre 
of a straight line joining the two processes. 


Fig. 1253. The mucous sheaths of the tendons on the back of the wrist. 
(From a preparation by J. 0. B. Grant.) 



The muscles The only muscles of the upper extremity which occasionally 

require definition by surface fines are the Trapezius, the Latissimus dorsx and the 
Pectorales maior et minor. The anterosupenor border of the Trapezius is indicated 
bv a fine from a point about 3 cm. lateral to the external occipital protuberance 
to the i unction of the intermediate with the lateral one-third of the clavicle ; the 
line of the lower border extends from the spinous process of the twelfth thoracic 
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vertebra to the root of the spine of the scapula. The upper border of the Latissimus 
dorsi is almost horizontal, running from the spinous process of the seventh thoracic 
vertebra to the inferior angle of the scapula and thence somewhat obliquely to 
the intertubercular sulcus of the humerus ; the lower border corresponds roughly 
to a line drawn from the iliac crest about 2 cm. from the lateral margin of the 
Sacrospinalis to the intertubercular sulcus of the humerus. The upper margin 


Fig. 1254. — The front of the right upper extremity, showing the surface 
markings for the bones, arteries, and nerves. 



of the Pectoralis major extends from the middle of the clavicle to the surgical neck 
of the humerus ; its lower border is practically in the line of the fifth rib and reaches 
from the fifth costochondral junction to the middle of the anterior border of the 
Deltoideus. The lines indicating the upper and lower borders of the Pectoralis 
minor begin at the coracoid process of the scapula and extend to the third and 
fifth ribs respectively, just lateral to the corresponding costal cartilages. On 
the front of the elbow-joint a triangular space — the cubital fossa — is mapped out 
for convenience of reference. The base of the triangle is a line joining the medial 
and lateral epicondyles of the humerus, while the sides are formed respectively 
by the salient margins of the Brachioradialis and Pronator teres. 

The mucous sheaths. — On the volar surfaces of the wrist and hand the mucous 
sheaths of the flexor tendons (fig. 1252) can be indicated as follows. The sheath 
for the Flexor pollicis longus extends from a point about 3 cm. above the upper 
edge of the transverse carpal ligament to the base of the terminal phalanx of the 


Fig. 1255. — The back of the right upper extremity, showing the surface 
markings for the bones and nerves. 



thumb. The common sheath for the tendons of the Flexor digitorum sublimis 
and Flexor digitorum profundus reaches about 4 cm. above the upper edge of the 
transverse carpal ligament and extends into the palm to about the level of the 
centres of the metacarpal bones. The sheath for the tendons to the little finger 
is continued from the common sheath to the base of the terminal phalanx of this 
finger ; the sheaths of the tendons to the index, middle and ring fingers are separ- 
ated from the common sheath by an interval; they begin opposite the necks of 
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the metacarpal bones and extend to the bases of the terminal phalanges. The 
mucous sheaths of the extensor tendons are shown in fig. 1253 (see also p". 519), 

. arterieS (fig. 1251). — The course of the axillary artery can be indicated by 
raising the arm to the level of the shoulder and drawing a line from the middle of 
the clavicle to the point where the tendon of the Pectoralis major crosses the 
prominence of the Coracobrachialis. The origin of the ihoraco-acrom inf artery 
corresponds to the point where the axillary artery is crossed by the upper border 
of the Pectoralis minor ; the lateral thoracic artery follows the line of the lower 
border of the Pectoralis minor ; the subscapular artery is sufficiently indicated by the 
axillary border of the scapula ; the scapular circumflex artery rises from the 
subscapukr artery opposite the 

midpoint of a line joining the tip Fig, 1256. — The palm of the left hand, showing 
of the acromion to the lower edge the positions of the skin creases and the bones , 

of the deltoid tuberosity, or, alter- and the surface markings for the volar arches, 

natively, from a point on the 
axillary border of the scapula 5 
cm. from the inferior angle ; the 
humeral circumflex arteries arise 
from the axillary artery about 
2 cm. above this. The course of 
the brachial artery is marked by 
a line drawn from the medial 
border of the Coracobrachialis 
at the level of the posterior axil- 
lary fold to a point in front of 
the elbow-joint midway between 
the epicondyles of the humerus, 
and continued distally for 2*5 cm., 
where the artery bifurcates. The 
arteria profunda brachii crosses 
the back of the humerus at the 
level of the insertion of Del- 
toideus ; the nutrient artery of the 
humerus arises opposite the middle 
of the body of the bone ; a line 
from this point to the back of the 
medial epicondyle represents the 
superior ulnar collateral artery ; 
the inferior ulnar collateral artery 
arises about 5 cm. above the fold of 
the elbow-joint and runs medial- 
wards. 

The position of the radial artery 
in the forearm is represented by 
a line drawn from the lateral 
margin of the tendon of the Biceps 
brachii in the centre of the cubital 
fossa, to the medial side of the 
front of the styloid process of the radius. The situation of the distal portion of 
the artery is indicated by continuing this line round the radial side of the wrist to 
the proximal end of the first intermetacarpal space. 

, On account of the curved direction of the ulnar artery , two lines are required 
to indicate its course in the forearm ; one is drawn from the front of the medial 
epicondyle of the humerus to the radial side of the pisiform bone ; the distal two- 
thirds of this line represent the distal two-thirds of the artery ; the proximal 
one-third of the artery is represented by a line, convex mediahvards, from the 
centre of the hollow in front of the elbow-joint to the junction of the upper with 
the middle one-third of the first line. . 

The position of the superficial volar arch (fig. 1256) is indicated by a curved 
line starting from the radial side of the pisiform bone, running distalwards for 
about one-half of the length of the palm, then lateralwards as far as the base of 
the thumb, and finally proximalwards towards the middle of the thenar eminence. 
The summit of the arch is usually on a level with the distal border of the outstretched 
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thumb. The deep volar arch is transverse in direction, and is situated about 1 cm. 
nearer to the carpus. 

The nerves (figs. 1254, 1255). — In the arm the line of the meditin nerve is that 
for the brachial artery ; at the upper part of the arm it is lateral tp the artery, 
whereas at the bend of the elbow it is medial to it. The course of the nerve in the 
forearm is marked by a line starting from a point just medial to the centre of one 
joining the humeral epicondyles, or midway between the medial epicondyle and the 
tendon of Biceps brachii, and extending to the middle of the front of the wrist 
where it lies deep to the tendon of the Palmaris longus. 

The ulnar nerve follows the line of the brachial artery in the upper half of the 
arm, but at the middle of the arm it leaves the artery and descends to the back of 
the medial epicondyle. In the forearm it is represented by a line from the front of 
the medial epicondyle to the lateral side of the pisiform bone. 

The course of the radial nerve can be indicated by a line drawn from just 
below the posterior axillary fold, to the lateral side of the humerus at the junction 
of its middle with its lower one-third ; thence it passes vertically downwards on 
the front of the arm to the level of the lateral epicondyle. The course of the 
superficial radial nerve is represented by a continuation of this line to the junction 
of the middle with the lower one-third of the radius ; it then crosses the lateral 
border of the radius and runs distalwards to the dorsum of the base of the first 
metacarpal bone. 

The axillary nerve crosses the humerus about 2 cm. above the centre of a line 
joining the tip of the acromion to the lower edge of the deltoid tuberosity. 


THE SURFACE ANATOMY OF THE LOWER EXTREMITY 

The skin. — The skin on the medial side of the thigh and in the hollow of the 
groin is thin, smooth, and elastic, and contains few hairs except in the neighbourhood 
of the os pubis ; on the lateral side of the thigh it is thicker, and the hairs are 
more numerous. At the junction of the front of the thigh with the abdomen is a 
well-defined furrow which indicates the site of the inguinal ligament ; the furrow 
presents a general convexity downwards, but its medial half, which is the better 
marked, is nearly straight. The skin of the buttock is fairly thick and as a rule 
is destitute of conspicuous hairs except towards the post-anal furrow, where in some 
males they are abundantly developed. An almost transverse fold — the fold of the 
buttock or glutwal fold — crosses the lower part of the buttock ; it practically bisects 
the lower margin of the Glutseus maximus and is most evident when the hip- joint 
is extended. The skin over the front of the knee is covered by thickened epidermis ; 
it is loose and is thrown into transverse wrinkles when the leg is extended. The 
skin of the leg is thin, especially on the medial side, and is covered with numerous 
large hairs. On the dorsum of the foot the skin is thin, loosely connected to 
subjacent parts, and contains few hairs ; on the plantar surface, and especially 
over the heel, the epidermis is of great thickness, and here, as in the palm of the 
hand, there are neither hairs nor sebaceous glands. 

The hones. — The hip-bones are largely covered with muscles, and only approach 
the surface at a few points. In front, the anterior superior iliac spine is easily 
recognised, and in thin subjects stands out as a prominence at the lateral end of 
the fold of the groin ; in fat subjects its position is indicated by an oblique 
depression, at the bottom of which the bony process can be felt. Proceeding 
upwards and backwards from the anterior superior iliac spine the sinuously curved 
iliac crest can be traced to the posterior superior iliac spine, the site of which is 
indicated by a slight depression : on the outer lip of the crest, about 5 cm. behind 
the anterior superior spine, is the iliac tubercle. In thin subjects the pubic 
tubercle is very apparent, but in the obese it is obscured by the pubic fat ; it can, 
however, be detected by following the tendon of origin of the Adductor longus. 
Another part of the hip-bone which is accessible to touch is the ischial tuberosity, 
situated beneath the Glutseus maximus and easily felt when the hip-joint is flexed, 
as it is then uncovered by muscle. On the boundary of the perineum the whole 
outline of the pubic arch can be recognised. 

The femur is enveloped by muscles, so that the only subcutaneous parts of it 
are the lateral surface of the greater trochanter and the lower expanded end of 



Fig. 1257. — Tlis front and medial surface of the 
right thigh. 
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the bone. The ate of the greater trochanter is generally indicated by a depression 
owing to the thickness of the Glutaeus medins and Glutasus minimus which project 
above it ; when; however, the thigh is flexed, and especially if it be crossed over 
the opposite one, the trochanter produces a blunt eminence on the surface. The 
condyles and epicondyles can he readily identified, and at the upper part of the 
medial condyle the sharp adductor tubercle can be recognised without difficulty. 
When the knee is flexed the upper portion of the patellar surface of the femur is 
palpable above the patella. 

The anterior surface of the patella is subcutaneous. When the knee is extended 
the medial border of the bone is a little more prominent than the lateral, and if 
the Quadriceps femoris be re- 
laxed the bone can be moved 
from side to side. When 
the joint is flexed the patella 
recedes into the • hollow be- 
tween the femoral condyles and 
the upper end of the tibia, and 
is firmly applied to the femur. 

A considerable portion of 
the tibia is subcutaneous. At 
the upper end the condyles can 
be felt just below the knee ; the 
medial condyle is broad and 
smooth, and merges below into 
the subcutaneous surface of 
the body or shaft of the hone ; 
the lateral is narrower and 
more prominent, and on it, 
about midway between the 
apex of the patella and 
the head of the fibula, is the 
tubercle for the attachment 
of the iliotibial tract of the 
fascia lata of the thigh. In 
front of the upper end of the 
bone, between the condyles, is 
the tuberosity, which is con- 
tinuous below with the anterior 
crest of the bone. This crest 
is subcutaneous throughout ; 
it is sharp in its upper three- 
fourths but more rounded 
below where it ultimately be- 
comes continuous with the 
anterior border of the medial 
malleolus. Medial to the an- 
terior crest is the broad sub- 
cutaneous surface. The medial 
malleolus forms a broad pro- 
minence, situated at a higher . 

level and somewhat farther forward than the lateral malleolus ; its anterior 
border is nearly straight ; on its posterior is a sharp edge which forms the medial 
margin of the groove for the tendon of the Tibialis posterior. . , 

The only subcutaneous parts of the fibula are the head, the lower part of the 
body or shaft, and the lateral malleolus. The head lies behind and lateral to the 
lateral condyle of the tibia, and appears as a small prominent pyramidal eminence 
slightly above the level of the tibial tuberosity ; its position can be located by 
following the tendon of Biceps femoris downwards. The lateral malleolub is a 
narrow elongated prominence from which the lower one-third or half of the lateral 
surface of the body of the hone can be traced upwards. 

On the dorsum of the tarsus the individual bones cannot be distinguished, with 
the exception of the head of the talus which forms a rounded projection m front * of 
the ankle-joint when the foot is extended. The whole dorsal surface of the foot 
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has a smooth convex outline, the summit of which is the 
Fig. 1258. — The back of the left lower extremity. 



ridge formed by the head 
of the talus, the navi- 
cular, the second cunei- 
form, and the second 
metatarsal bone ; from 
this it inclines gradu- 
ally lateralwards, and 
rapidly medialwards. 
On the medial side of 
the foot the medial pro- 
cess of the tuberosity of 
the calcaneus and the 
ridge separating the pos- 
terior from the medial 
surface of the bone 
are distinguishable ; in 
front of this, and 2 
cm. below the medial 
malleolus, is the sus- 
tentaculum tali. The 
tuberosity of the navi * 
cular is palpable about 
2*5 cm. in front of the 
sustentaculum tali. 

Farther forwards, the 
ridge formed by the 
base of the first meta- 
tarsal hone can be ob* 
scurely felt, and from 
this the body of the 
bone can be traced to 
the expanded head ; 
beneath the head is the 
medial sesamoid bone. 
On the lateral side of 
the foot, the most pos- 
terior bony point is the 
lateral process of the 
tuberosity of the cal- 
caneus, with the ridge 
separating the posterior 
from the lateral surface 
of the bone. In front of 
this the greater part 
of the lateral surface 
of the calcaneus is sub- 
cutaneous ; on it, below 
and in front of the 
lateral malleolus, the 
trochlear process, when 
present, can be felt. 
Farther forwards, the 
base of the fifth meta- 
tarsal hone is prominent, 
and from it the body of 
the bone can be traced 
forwards to the head. 

As in the case of the 
metacarpals, the dorsal 
surfaces of the metatarsal 
hones are easily defined, 
although their heads do 
not form prominences ; 
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the plantar surfaces are obscured by muscles, 
are readily palpable. 


Tlie phalanges in their whole extent 


Fig. 1259. — The lateral surface of the right leg. 


The articulations. The hip-joint is deeply seated and cannot be paiinuuu. 

The internal between the tibia and femur, indicating the level of the 
can always be easily felt. When the knee is semi-flexed, the medial border of the 
condyle of the femur, and the upper border of the medial condyle 
oi the tibia, bound a triangular depressed area which indicates the position of 
the joint and is in front of the anterior end of the medial meniscus. 

The ankle-joint can be felt in the hollows between the extensor tendons and the 
medial and lateral malleoli ; during extension of the joint the superior articular 
surface of the talus projects 
below the anterior border of the 
lower end of the tibia. 

The metatarsophalangeal and 
inter phalangeal joints are all 
palpable. 

The muscles.— Of the muscles 
of the thigh, those of the anterior 
femoral region (fig. 1257) con- 
tribute largely to surface form. 

The Tensor fascice latce produces 
an elevation immediately below 
the anterior part of the iliac crest 
and above and in front of the 
greater trochanter of the femur ; 
it is most apparent in standing 
on one leg ; from its lower border 
a groove caused by the iliotibial 
tract of the fascia lata extends 
downwards to the lateral side 
of the knee-joint. At the knee- 
joint the iliotibial tract forms 
a prominent band between the 
head of the fibula and the lateral 
margin of the patella ; it is 
parallel with, and a finger’s 
breadth in front of, the tendon 
of the Biceps femoris. The upper 
portion of the Sartorius consti- 
tutes the lateral boundary of the 
femoral triangle, and, when the 
muscle is in action, forms a pro- 
minent oblique ridge which is 
continued below into a flattened 
plane and then gradually merges 
into a general fulness on the 
medial side of the knee-joint. 

When the Sartorius is not in 
action, a depression exists between 1 . , 

the Quadriceps femoris and the Adductores and extends obliquely downwards and 
medialwards from the apex of the femoral triangle to the side of the knee. In 
the angle between the Sartorius and Tensor fascia) latae, just below the anterior 
superior iliac spine, the Rectus femoris appears, and its borders can be denned w hen 
the muscle is in action. The Vastus lateralis forms a long flattened plane trav ersed 
by the groove of the iliotibial tract. The Vastus medialis causes a considerable 
prominence on the medial side of the lower half of the thigh ; this prominence 
increases towards the knee and ends somewhat abruptly with a full cnrved outline. 
The Vastus intermedins is completely hidden. The Adductores cannot be difierenti- 
ated from one another, with the exception of the tendon of origin of the Adductor 
longus and the lower tendon of the Adductor magnus. When the Adductor hugus 
is in action, or when the limb is passively abducted, ite tendon of origin stands 
out as a prominent ridge running obliquely downwards and lateral wards .from 
the neighbourhood of th'e pubic tubercle, and forming the medial border of the 
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femoral triangle. The lower tendon of the Adductor magnus is. felt as a short ridge 
extending downwards between the Sartorius and Vastus medialis to the adductor 
tubercle on the medial condyle of the femur. The Adductores fill the triangular 
space at the upper part of the thigh, between the femur and the pelvis, and to 
them is due the contour of the medial border of the thigh, the Gracilis contributing 
largely to the smoothness of the outline. 

The Gliilams maximus (fig. 1258), prominent behind, compressed in front, forms 
the full rounded outline of the buttock ; its lower border runs from the side of the 
coccyx, over the ischial tuberosity, to about 9 cm. below the greater trochanter 
of the femur, and crosses the glutaeal fold obliquely downwards and lateralwards ; 
its upper border is ill-defined, the lower part of its medial border is. separated 
from the corresponding part of the opposite muscle by the deep glutseal cleft. 
The upper part of the Glutceus medius is visible above and behind the greater 


Figl 1260. — The mucous sheaths of the tendons round the ankle. Lateral aspect. 
(From a preparation by J. C. B. Grant.) 



Peronceus brevis Peronceus tertius 


trochanter, but its lower part, together with the Glutceus minimus and the external 
rotators of the thigh, is completely hidden by the Glutseus maximus. The hamstring 
muscles appear from beneath the lower margin of the Glutseus maximus ; at first 
they are narrow and not well defined, but as they descend they become more 
prominent and eventually divide into two well-marked ridges formed by their 
tendons ; these constitute the upper boundaries of the popliteal fossa. The tendon 
of the Biceps femor is is a thick cord running to the head of the fibula : the tendons 
of the Semimembranosus and Semitendinosus run medial wards to the tibia and 
are separated by a slight furrow ; the Semitendinosus is the more superficial, and 
can be felt in certain positions of the limb as a sharp cord, while the Semimembrano- 
sus is thick and rounded. The Gracilis is situated a little in front of them. 

The Tibialis anterior (fig. 1259) presents a fusiform enlargement at the lateral 
side of the tibia and projects beyond the anterior crest of the bone ; its tendon can 
be traced on the front of the tibia and ankle-joint and thence along the medial side 
of the foot to the base of the first metatarsal bone. The fleshy fibres of the Peronceus 
longus are strongly marked at the upper part of the lateral side of the leg ; it is 
separated by furrows from the Extensor digitorum longus in front and the Soleus 
behind. Below, the fleshy fibres end abruptly in a tendon which overlaps the more 
flattened elevation of the Beronxus brevis ; below the lateral malleolus the tendon 
of the Peronaeus brevis is the more marked and can be traced to the base of the 
fifth metatarsal bone. 

On the dorsum of the foot (fig. 1260) the tendons emerging from beneath the 
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either side of the Gastrocnemius, curved eminences, of which the lateral is the longer. 
The fleshy mass of the calf ends somewhat abruptly in the tendo calcaneus, which 
tapers in the upper three-fourths of its extent but widens out slightly below. When 
the Tibialis posterior is in action, its tendon produces a well-defined ridge between 
the medial border of the lower part of the tibia and the tuberosity of the navicular 
bone ; the tendon may be followed upwards behind the medial malleolus for a 
distance of about 5 cm. 

On the sole of the foot the Abductor digiti quinti forms a narrow rounded 
elevation on the lateral side, and the Abductor hallucis a lesser elevation on the 
medial side. The Flexor digitorum brevis , bound down by the plantar aponeurosis, 
is not very apparent. 

The arteries. — The femoral artery is readily felt as it crosses the brim of the 
pelvis ; in its course down the thigh its pulsation becomes gradually more difficult 
of recognition. When the knee is flexed the pulsation of the popliteal artery can 
easily be detected in the popliteal fossa. 

The anterior tibial artery is superficial on the lower part of the front of the tibia 
and can be traced over the ankle into the dorsalis pedis artery ; the latter can 
be followed to the proximal end of the first intermetatarsal space. The pulsation 
of the posterior tibial artery is evident near the lower end of the back of the tibia, 
and is easily detected behind the medial malleolus. 

The veins. — By compressing the proximal trunks, the venous arch on the dorsum 
of the foot and the great and small saphenous veins (pp. 733 to 735) are rendered 
visible. 
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the fourth interspace of the right side. The lines indicating the atrioventricular 
ortnces are parallel with and slightly below the line of the coronary sulcus. 

ihe arteries. The line of the ascending aorta begins slightly to the left of the 
midsternai line opposite the third costal cartilage, and extends upwards and to 
the right to the level of the upper border of the second right costal cartilage. The 
arG J l . les behind the lower half of the manubrium sterni, A line from the 
middle of the manubrium sterni to the right sternoclavicular articulation represents 
the site of the innominate artery , while another line from a point slightly to the 
left of the middle of the manubrium sterni to the left sternoclavicular articulation 
indicates the position of the thoracic part of the left common carotid artery . 

The internal mammary artery descends behind the first six costal cartilages 
about 1 cm. from the lateral sternal line. 

The veins. — The line of the right innominate vein crosses the sternal end of the 
right clavicle and the upper border of the first right costal cartilage about 1 cm. 
from the lateral sternal line ; that of the left innominate vein extends from the 
sternal end of the left clavicle to meet the line of the right innominate vein at the 
upper border of the first right costal cartilage. The junction of the two lines 
indicates the origin of the superior vena cava , and the line of this vessel is continued 
vertically down to the level of the third right costal cartilage. The inferior vena 
cava opens into the right atrium at the level of the upper margin of the sixth right 
costal cartilage about 2 cm. from the midsternai line. 


THE SURFACE ANATOMY OF THE ABDOMEN 

The skin. — The skin of the front of the abdomen is thin. In the male it is often 
thickly clad with hairs, especially towards the lower part of the middle line ; in 
the female the hairs are confined to the pubes. Just below the iliac crest is a 
shallow groove termed the iliac furrow, while in the site of the inguinal ligament 
a sharper fold known as the fold of the groin is easily distinguishable. 

After distension of the abdomen from pregnancy or other causes the skin 
commonly presents transverse white lines which are quite smooth, being destitute 
of papillae ; these are known as strice gravidarum or strive albicantes. The linea 
nigra of pregnancy is a brown streak in the middle line between the umbilicus and 
symphysis pubis. 

In the middle line of the front of the abdomen is a shallow furrow which extends 
from the junction between the body of the sternum and the xiphoid process to a 
short distance below the umbilicus ; it corresponds to the linea alba. The umbilicus 
is situated in the middle line, but varies as regards its height ; in an adult subject 
it is always placed above the middle point of the body, and is slightly below the 
level of the highest points of the iliac crests. 

The bones. — The bones in relation with the surface of the abdomen are (1) the 
lower part of the vertebral column and the lower ribs and (2) tbe pelvis ; the former 
have already been described (pp. 1272 and 1276), the latter will be considered 
with the lower limb. 

The muscles (fig. 1240).— The only muscles of the abdomen which have any 
considerable influence on surface form are the Obliquus externus abdominis and 
tbe Rectus abdominis. The upper digitations of origin of the Obliquus externus 
are well marked and interdigitate with those of the Serratus anterior ; the lower are 
covered by tbe border of the Latissimus dorsi. The attachment of the Obliquus 
externus and Obliquus internus to the iliac crest forms a thick oblique roll which 
determines the iliac furrow. On the front of the lateral region of the abdomen an 
undulating line sometimes marks the passing of the muscular fibres of the Obliquus 
externus into its aponeurosis. The posterior margin of the Obliquus externus is 
frequently separated from the lateral margin of the Latissimus dorsi by a small 
triangular interval— the lumbar triangle— the base of which is formed by the iliac 
crest. ,and the floor by the Obliquus internus. 

The lateral margin of the Rectus abdominis is indicated by the lima semilunaris , 
which is easily defined when the muscle is in action. On the surface of the Rectus 
are three transverse furrows, the tendinous inscriptions ; the upper two of these, 
viz. one opposite, or a little below, the tip of the xiphoid process, and the other 
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The articulations. The posterior superior iliac spine overlies the centre of the 
mcro-umc articulation. 

r hip-joint may be indicated, as described above, by the centre o! a horizontal 
line drawn xrpm the pubic tubercle to the top of the greater trochanter; or bv a 
point, below and slightly lateral to the middle of the inguinal ligament. The 
knee-joint is superficial and requires no surface marking. The. level of the ankle- 
joint is that of a transverse line about 1 cm. above the level of the tip of the 
medial malleolus. If the foot be extended, the head of the talus appears as a 


Fig. 1263.*—The front of the right thigh, 
showing the surface markings for the 
bones, the femoral artery, and the 
femoral nerve. 



Fig. 1264. — The lateral aspect of the 
right leg, showing the surface mark- 
ings for the bones, the anterior tibia! 
and dorsalis pedis arteries, and the 
deep peronival nerve. 



rounded prominence on the medial side of the dorsum; between it. and the 
tuberosity of the navicular is the talonavicular joint. The calcaneocuboid joint is 
midway between the lateral malleolus and the prominent base of the. fifth meta- 
tarsal bone : the line indicating it is parallel to that of the talonavicular joint. 
Thejine of the fifth tarsometatarsal joint is very oblique ; it starts behind the pro- 
jection of the base of the fifth metatarsal bone, and if continued would pass 
through the head of the first metatarsal bone. The lines of the fourth and third 
tarsometatarsal joints are less oblique. The first tarsometatarsal joint corresponds 
to a groove which can be felt by making firm pressure on the medial border of the 
foot 2*5 cm. in front of the tuberosity of the navicular; the position of the second 
tarsometatarsal joint is 1*25 cm. behind this. The metatarsophalangeal joints are 
about 2*5 cm. behind the webs of the corresponding toes. 
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Fig. 1265. — The back of the left lower extremity, 
showing the surface markings for the bones, 
vessels, and nerves. 



The muscles. — The muscles 
do not require surface *lines to 
indicate them,* but there are 
three intermuscular spaces 
which must be identified, viz. : 
the femoral triangle, the 
adductor canal, and the popli- 
teal fossa. 

The femoral triangle is 
bounded above by the inguinal 
ligament, laterally* by the 
medial border of the Sartorius, 
and medially by the medial 
border of the Adductor longus. 
In the triangle is the fossa 
ovalis (saphenous opening), 
through which the great saphe- 
nous vein dips to join the 
femoral ; the centre of this 
fossa is about 4: cm. below and 
lateral to the pubic tubercle, 
its vertical diameter measures 
about & cm. and its transverse 
about 1*5 cm. The centre of 
the femoral ring is about 1*25 
cm. lateral to the pubic 
tubercle. 

The adductor canal occupies 
the medial part of the middle 
third of the thigh ; it begins at 
the apex of the femoral triangle 
and lies deep to the vertical 
part of the Sartorius. The 
popliteal fossa is bounded, 
above and medially by the 

tendons of the Semimem- 
branosus and Semitendinosus, 
above and laterally by the 

tendon of the^ Biceps femoris, 

below and medially by the 

medial head of the Gastro- 
cnemius, below and laterally by 
the lateral head of the Gastro- 
cnemius and the Plantaris. 

The mucous sheaths. — The 
positions of the mucous 
sheaths of the tendons round 
the ankle-joint are sufficiently 
indicated in figs. 1260, 1261 
(see also p. 560). 

The arteries. — The points of 
emergence of the three main 
arteries on the buttock, viz. 
the superior and inferior glutseal 
arteries and the internal 
pudendal artery, may be indi- 
cated in the following manner 
(fig. 1265). With the femur 
slightly flexed and rotated 
inwards, a line is drawn from 
the posterior superior iliac 
spine to the posterior superior 
angle of the greater trochanter ; 
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the point oi emergence of the superior glutceal artery from the upper part of the 
greater sciatic foramen corresponds to the junction of the upper with the middle 
one-third of this line. A second line is drawn from the posterior superior iliac- 
spine to the Quter part of the ischial tuberosity ; the point of emergence of the 
inferior glutceal and internal pudendal arteries from the lower part of the greater 
sciatic foramen corresponds to the junction of its middle with its lower one-third. 
The course of the femoral artery (fig. 1263) is represented by the upper two-thirds 
of a line drawn from a point midway between the anterior superior iliac spine 
and the symphysis pubis to the adductor tubercle of the femur, with the thigh 
abducted and rotated outwards; the arteria profunda fcmoris rises from the 
femoral artery about 3 cm. below the inguinal ligament. The course of the upper 
part of the popliteal artery (fig. 1265) is indicated by a line drawn from the lateral 
margin of the Semimembranosus at the junction of the middle with the lower one- 
third of the thigh to the middle of the popliteal fossa ; from this point it runs 
vertically downwards to the level of a line drawn through the lower part of the 
tibial tuberosity. The line indicating the anterior tibial artery (fig. 1264) is drawn 
from the medial side of the head of the fibula to a point midway between the 
malleoli ; the artery begins about 3 cm. below the head of the fibula. The dorsalis 
pedis artery is represented by a line drawn from a point midway between the 
malleoli to the proximal end of the first intermetatarsal space. 

The course of the posterior tibial artery (fig. 1265) can be shown by a line drawn 
from the end of the popliteal artery, i.e. 2*5 cm. below the centre of the popliteal 
fossa, to midway between the tip of the medial malleolus and the medial margin 
of the tendo calcaneus ; its main branch, the peronceal artery , begins about 7 or 
8 cm. below the level of the knee-joint and follows the line of the fibula to the back 
of the inferior tihio-fihular joint. The medial and lateral plantar arteries begin from 
the end of the posterior tibial; the medial extends to the middle of the ball of 
the great toe, the lateral to a finger’s breadth medial to the tuberosity of the fifth 
metatarsal bone ; from this latter point the plantar arch crosses the foot to the 
proximal end of the first intermetatarsal space. 

The veins. — The line of the great saphenous vein is drawn from the front of the 
medial malleolus along the medial margin of the tibia to the adductor tubercle, 
and thence to the centre of the fossa ovalis (saphenous opening) ; the small 
saphenous vein runs upwards from the back of the lateral malleolus to the centre 
of the popliteal fossa. 

The nerves. — When the thigh is rotated outwards the course of the sciatic nerve 
(fig. 1265) can he indicated by a line drawn from a point about midway between 
the outer border of the ischial tuberosity and the posterior superior angle of the 
greater trochanter to the upper angle of the popliteal fossa. The continuation of 
this line vertically through the centre of the popliteal fossa represents the position 
of the upper part of the tibial nerve, while the common peronceal nerve follows the 
line of the tendon of the Biceps femoris. The line for the deep peronml nerve 
corresponds with that of the anterior tibial artery, and the line for the lower part 
of the tibial nerve to that of the posterior tibial artery. 
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Abdomen, 1130 
abdomen, proper, 1132 
pelvis, 1133 

anterolateral muscles of, 469 
boundaries of, 1132 
fasciae of, 469 
lymph-glands of, 763 
parietal, 763 
visceral, 765 

lymphatic vessels of, 768 
posterior muscles of, 481 
regions of, 1132 
surface anatomy of, 1281 
lines of, 1283 
veins of, 737 
Abdominal aorta, 665 

applied anatomy of, 666 
branches of, 666 
surface marking of, 1281 
aortic plexus, 981 
muscles, 469 

ostium of uterine tube, 1230 
part of oesophagus, 1129 
portion of sympathetic sys- 
tem, 977 
pregnancy, 47 
ling, external, 472 
inguinal, 480 
internal, 480 
Abducent nerve, 906 
applied anatomy of, 907 
nucleus of, 813 
Abductor digiti quinti, 
of hand, 526 
of foot, 563 
hallucis, 562 
indicis, 526 
pollicis brevis, 523 
longus, 516 

applied anatomy of, 518 
Abemethy, fascia of, 531 
Aberrant ducts of epididymis, 
1217 

ganglia, 926 

Abnormalities of reflex action, 
876 

Abscess, alveolar, 1111 
ischiorectal, 486, 1176 
lumbar, 533 
perinephric, 1200 
psoas, 532 

retropharyngeal, 449, 1127 
superior pelvirectal, 1176 
tropical of liver, 745, 1191 
Accessory nerve, 912 

applied anatomy of, 922 
cerebral part of, 922 
spinal part of, 922 
surface marking of, 1272 
cephalic vein, 726 
glands of mouth, 1 101 
hemiazygos vein, 731 
lacrimal glands, 1018 


Accessory opening 

of maxillary sinus, 266, 992 
organs of digestive tube, 
1093 

organs of the eye, 1010 
pancreatic duct, 1180 
part of parotid gland, 1096 
plantar ligaments, 430 
processes of vertebrae, 174 
renal arteries, 674, 1199 
saphenous vein, 734 
sinuses of the nose, 991 
applied anatomy of, 992 
spleens, 1254 
suprarenal glands, 1251 
tectorial membrane, 1046 
thyreoid glands, 1245 
volar ligaments, 396 
Acetabular fossa, 311 
ligament, transverse, 406 
notch, 311 
Acetabulum, 311 
Achromatic spindle, 2 
Acoustic meatus, external, 212, 
1024 

applied anatomy of, 214, 
1026 

development of, 108 
lymphatic vessels of, 754 
primary, 108 
secondary, 108 

Acoustic meatus, internal, 210, 
264 

nerve, 913, 1046 
applied anatomy of, 915 
development of, 108 
nuclei of, 813, 914 
Acromegaly, 840 
Acromioclavicular articulation, 
376 

applied anatomy of, 377 
movements of, 377 
surface anatomy of, 1294, 
1298 

ligament, 376 
Acromion, 276 
fracture of, 528 

Acrosome of spermatozoon, 44 
Actions of valves of heart, 591 
Acute margin of heart, 580 
Adams-Stokes’ syndrome, 591, 
715 

Addison’s disease, 14 
Adductor brevis, 539 
canal, 689, 1310 
hallucis, 565 
longus, 539 

applied anatomy of, 539 
magnus, 539 
minimus, 539* 
pollicis, 524 
tubercle, 321 
Adenoids, 1127 


Aditus ad antrum, 1030 
laryngis, 1066 

Adminiculum lineee albas, 473, 
480 

Adrenalin, 1252 
Adventitious dentine, 1106 
Afferent lymphatic vessels, 746 
nerves, 781 

vessels of kidney, 1197 
After-birth, 67 
Age changes in larynx, 1059 
in mandible, 244 
in maxilla, 235 
in skull, 267 
Ageusia, 903 
Agger nasi, 233, 987 
Aggregated lymphatic nodules, 
1160 

Air passages, applied anatomy 
of, 1076 
Air sinuses, 164 
accessory of nose, 911 
ethmoidal, 221, 265, 266, 991 
frontal, 219, 991, 1264 
mastoid, 209, 1030 
maxillary, 231, 992, 1264 
sphenoidal, 201, 991 
Akanthion, 269 
Ala cinerea, 825 
of ilium, 307 
lobuli centralis, 815 
sacralis, 176 
Alse magnse, 202 
nasi, 984 
parvse, 203 
of vomer, 227 
Alar cartilages of nose, 985 
folds of synovial stratum of 
knee-joint, 411 
lamina, 85 
ligaments, 367 

processes of ethmoidal bone, 
220 

thoracic artery, 648 
Albinism, 14 
Alcock’s canal, 483 
Alimentary canal, 1092 
Allantoic vessels, 58* 

Allantois, 58 
Alveolar arch, 233 
abscess, 1111 

artery, anterior superior, 620 
inferior, 619 
posterior superior, 619 
canals, 230, 232, 253 
index, 271 
nerve, inferior, 902 
nerves, superior, 896, 897 
part of mandible, 241 
point, 269 

process of maxilla, 233 
Alveoli, formation of, for teeth, 
1110 
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Alveoli of lungs, 1083 
Alveus, 8fi7, 863, 871 
Amacrine cells of retina, 1004 
Ameloblasts, 1107 
Amitosis, 2 , 

Amnion, 60 
false, 60* 

Amniotic cavity, 49, 60 
ectoderm, 60 
fold, 60* 

Amphiarthroses, 353 
symphysis, 353 
syndesmosis, 353 
Ampulla of ‘'ductus deferens, 
1216 


rectal, 1168 
of uterine tube, 1230 
of Vater, 1190 

Ampullfe of lacrimal ducts, 
1019 

of semicircular canals, 1037 
of semicircular ducts, 1037 
of tubuli lactiferi, 1242 
Amputations of foot, 349 
Anaesthesia, spinal, 884 
Anal canal, 1169 

development of, 142 
lymphatic vessels of, 771 
fascia, 483, 485 
orifice, 1170 
pit, 142 

region, muscles of, 486 
valves, 1170 

Anaphase of karyokinesis, 2 
Anastomoses of arteries, 595 
Anastomosis around elbow- 
joint, 652 

around knee-joint, 699 
Anastomosis, cruciate, 694 
Anastomotic vein of Labbe, 716 
of Trolard, 716 

Anastomotica magna of bra- 
chial artery, 652 
of femoral artery, 695 
Anatomical neck of humerus, 
282 


Anconseus, 515 
Angina pectoris, 600 
Angioblast, 109 
Angiology, 569 
Angle, anterior of rib, luO 
inferior lateral of sacrum, 176 
iridial or filtration, 995 
of Louis, 185* 
of mandible, 242, 2o7 
of mouth, 1094 
parietal, of sphenoidal bone, 

203 


pubic, 311 
of rib, 190 
sacro vertebral, 174 


sternal, 185 
subcostal, 194 

ngles or canthi of eyelids, 1016 
ngular artery, 614 
gyrus, 848 
movement, 354 
vein, 710 

ngulus Ludovici, 185 
nim?d cell, 1 
nkle- joint, 420 
applied anatomy of, 4-4 
fascia around, 558 
movements of, 423 
relations of tendons and. 

vessels to, 423 
surface anatomy of, 130a 
marking of, 1309 


Annular ligament of ankle, ! 
anterior, 558, 559 j 
external, 560 
internal, 560 

of base of stapes, 1033 j 
of proximal radio-ulnar ! 

joint, 387 j 

of wrist, anterior, 51 S 
posterior, 519 

plexus of cornea, 997 ! 

Annulus fibrosus, 359 
ovalis, 582 
stapedis, 108 

tendineus communis, 1011 
Anococcygeal body, 1170 
nerves, 987 
raphe, 485, 487 
Anorchism, 1215 
Anosmia, 887 
Ansa hypoglossi, 925, 934 
lentiformis, 858, 860 
subclavia (Vieussenii), 975 
Anterolateral fasciculus, super- 
ficial, 795 

muscles of abdomen, 469 
Anteroposterior diameters of 
pelvis, 313, 314 
Antibrachial fascia, 507 
cutaneous nerve, dorsal, 945 
lateral, 939 
medial, 939 

interosseous membrane, 388 
muscles, dorsal, 513 
volar, 507 
vein, median, 727 
Anticlinal vertebra, 170* 
Antihelix, 1022 
Antitragicus, 1024 
Antitragus, 1022 
Antrum eardiacum, 1129, 1146 ! 
folliculi, 1228 
of Highmore, 231, 992 
applied anatomy of, 232 
mastoid, 103, 209 
tympanic, 209, 1030 
entrance to, 1030 
Anus, 1170 

lymphatic vessels of, 771 
Aorta, 597 
abdominal, 665 
applied anatomy of, 666 
branches of, 666 
coarctation of, 661 
surface marking of, 1289 
arch of, 600 

applied anatomy of, 601, 
661 

branches of, 602 
peculiarities of, 601 
ascending, 598 
branches of, 598 
bulb of, 598 
descending, 661 
thoracic, 661 

applied anatomy of, 663 
branches of, 663 
nerve-plexus of, 981 
Aorta 1 , dorsal, 121 
primitive, 110, 120 
ventral, 120 

Aortic arches, 111, 120, 121 
bodies, 101, 1249 
structure of, 1249 
hiatus in diaphragm, 466 
isthmus, 121, 601 
lymph-glands, 764 
orifice, 586 

J semilunar valves, 586 

■ 


Aortic sinuses, 587 
spindle, 601 
vestibule, 588 
Aorticorena! ganglion , 979 
Aortopulmonary' septum, 1 17 
Ape-like hand, 94.7 
Ap- rtun . i:‘f 256 

t yi'\ • Mi i , v.m ■ :i d 5 chord®, 

‘ id 2 7 

Aperture, anterior nasal, 256, 
260 

inferior of pelvis, 314 
superior, 313 
posterior nasal, 266 
Apertures in dia phragm, 466 
Apex of fibula, 331 
of heart, 579 
. of nose, 984 
of sacrum, 176 
| Aponeuroses, 435 
| Aponeurosis, epicranial, 437 
glutuaii, 342 
lumbar, 457 

of obliquus externals abdo- 
minis, 47 1 
palatine, 1 120 
palmar, 521 
plantar, 561 
suprahyoid, 451 
Aponeurotic falx, inguinal, 
476 

Apoplexy, 872 
Apparatus, digestive, 1092 
development of, 132 
excretory of liver, 1188 
lacrimal, 1018 
respiratory, 1059 
development of, 145 
reticular, of Golgi, 2 
urogenital, 1191 
Appendages of skin, 1054 
hairs. 1055 
nails, 1054 

j sebaceous glands, 1057 

j sudoriferous or sweat- 

j glands, 1057 

i of testis and epididymis, 
12!2 

i Appendices epiploic ie, 1144, 

I 1162, 1170 

! vesiculosa*, 1230 
Appendicular artery, 672 
part of skeleton, 163 
Appendix of epididymis, 1212 
of testis, 1212 

of ventricle of larynx, 1068 
vermiform, 1164 
lymphatic vessels of, 770 
Applied Anatomy of— 
abdominal aorta, 666 
abducent nerve, 907 
abductor poliicis longus, 
518 

accessory nerve, 922 
acoustic nerve, 915 
acromioclavicular joint 
377 

adductor longus, 539 
air-passages, 1076 
ankle-joint, 424 
anterior facial vein, ,710 
anterior tibia! artery, 701 
antrum of Highmore, 232 
arch of aorta, 601 
arches of foot, 432 
arteries, 595 

atrioventricular bundle, 

| 591 
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Applied Anatomy of — 
auditory tube, 1035 
auricula or pinna, 1026 
axilla, 496, 643 
axillary artery, 645 
fascia, 496 
lymph-glands, 759 
nerve, 947 
vein, 737 
azygos veins, 731 
biceps brachii, 505 
bile-duct, 1191 
bladder, urinary, 1207 
bone, 25 

bones of foot, 349 

of forearm, 294, 529 
of hand, 306 
of leg, 333, 568 
of pelvis, 317 
of skull, 271 
brachial artery, 649 
plexus, 946 
brain, 876 
bulb of eye, 1008 
cardiac septa, 118 
carotid artery, common, 
607 

external, 609 
internal, 625 
carpal bones, 306 
cavernous sinus, 722 
cerebellum, 822 
cerebrospinal fluid, 883 
cervical fascia, 449 
lymph-glands, 757 
plexus, 934, 935 
ribs, 195 
chorioid, 1009 
circumflex nerve, 947 
clavicle, 281, 527 
coccyx, 317 
colon, 1175 

common carotid artery, 
607 

iliac artery, 678 
peronaeal nerve, 969 
conjunctiva, 1021 
cornea, 1008 
coronary arteries, 600 
coxal articulation, 409 
cranial bones, 229 
cubital articulation, 409 
deep cervical fascia, 449 
deltoideus, 501 
descending palatine artery, 
620 

descent of testes, 156 
diaphragm, 468 
dorsalis pedis artery, 703 
duodenum, 1172 
' elbow- joint, 389 
emissary veins, 724 
epigastric artery, inferior, 
687 

extensor tendons of inter- 
phalangeal joints, 398 
extensor tendons of 
thumb, 518 

external acoustic meatus, 
1026 

carotid artery, 609 
ear, 1026 
iliac artery, 685 
jugular vein, 713 
maxillary artery, 614 
eyelids, 1020 
facial artery, 614 
nerve, 912 


Applied Anatomy of — 

facial vein, anterior, 710 
fascia colli, 449 
fascia of axilla, 496 

of psoas and iliacus, 
532 

femoral artery, 691 
nerve, 967 
femur, 326, 566 
fertilized ovum, 47 
fibula, 333, 568 
filtration angle of eye, 1009 
flexor sheaths of fingers, 
523 

foot, bones of, 349 
joints of, 432 
forearm, bones of, 294 
» gall-bladder, 1191 

ganglia on posterior nerve - 
roots, 799 
gastrocnemius, 558 
glutseal arteries, 685 
gums, 1094 

hsemorrhoidal venous 
plexus, 739 

hamstring tendons, 548 
hand, bones of, 306 
hare -lip, 82 
heart, 591 
hip -joint, 409 
humeral articulation, 382 
humerus, 286, 528 
hypogastric artery, 678 
hypoglossal nerve, 925 
hypophysis, 840 
iliac artery, common, 678 
external, 686 
internal, 678 
iliac fascia, 533 
inferior epigastric artery, 
687 

inferior vena cava, 740 
inguinal and subinguinal 
glands, 762 

innominate artery, 603 
intercostal arteries, 664 
nerves, 951 
internal capsule, 872 
carotid artery, 625 
ear, 1048 
iliac artery, 678 
jugular vein, 714 
mammary artery, 640 
interphalangeal joints, 398 
intervertebral fibrocarti- 
lages, 359 

intestine, large, 1175 
small, 1172 
iris, 1009 

ischiorectal fossa, 486 
jugular vein, external, 713 
internal, 714 
kidneys, 1199 
knee-joint, 419, 548 
labyrinth of ear, 1048 
lacrimal apparatus, 1022 
laryngeal nerves, 921 
larynx, 1076 
leg, bones of, 333 
lens, 1009 

lienal (splenic) artery, 669 
ligamentous action of 
muscles, 355 
lingual artery, 612 
liver, 1190 

long thoracic nerve, 947 
lumbar plexus, 967 
lungs, 1091 


Applied Afiatomy of — 

lymph -glands and lym- 
phatic vessels, 748 
mamma, 1242 
mandible, 273 
mandibular joint, 357 
maxillary air-sinus, 232 
median cubital vein, 727 
nerve, 947 

mediastinal cavity, 1084 
medulla oblongata, 811 
spinalis, 798, 876 
meninges, 883 
mesenteric afteries, 673 
lymph-glands, 767 
metacarpal bones, 306 
metatarsal bones, 349, 431 
metatarsophalangeal joint 
of great toe, 431 
middle meningeal artery, 
618 

motor and sensory neu- 
rons, 877 
muscles, 434 

of bulb of eye, 1015 
of leg, 558 

of lower extremity, 
566 

of upper extremity, 
527 

musculospiral nerve, 947 
nose and nasal cavities, 992 
obturator nerve, 968 
ocular muscles, 1015 
oculomotor nerve, 891 
oesophagus, 1130 
olfactory nerves, 887 
optic nerve, 889 
ovary, 1229 
palate, 82, 1095 
palmar arches, 661 
aponeurosis, 523 
pancreas, 1181 
parametrium, 1237 
parathyreoid glands, 1247 
parotid glands, 1101 
patella, 334, 568 
pelvic diaphragm, 486 
pelvis, 317 
penis, 1223 
pericardium, 576 
peritoneal fossse, 1146 
peronaeal nerve, common, 
968, 969 
phalanges, 306 
pharynx, 1127 
phrenic nerve, 935 
pigment, 14 
pineal body, 837 
pituitary body, 840 
placenta, 66 
plantar arch, 707 
plantar calcaneonavicular 
ligament, 427 
plantaris, 558 , • 

pleura, 1080 
pons, 814 

popliteal artery, 897 
lymph-crlends. 762 
Ijorj&l vein*. 744 

posterior tibial artery, 704 
pronator teres muscle, 508 
prostate, 1225 
prostatic venous plexus, 73 9 
psoas major muscle, 532 
pulmonary artery, 596 
quadriceps femoris muscle, 
537 
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Applied Anatomy of— 
radial artery, 654 
nerve, 947 

radiocarpal jomt, 395 
radio -ulnar joints. 3S9 
radius, 295, 390, 529 
recti muscles of eye, 1015 
rectum, 1176 
rectus femoris, 537 
retina, 1009 
ribs, 194 

salivary glands, 1101 
saphenous veins, 735 
sartorius, 535 
scalp, 437 
scapula, 279 

sciatic (inferior gluteal) 
artery, 685 
nerve, 968, 969 
sclera, 1008 
scrotum, 1220 
septum of tongue, 1117 
serratus anterior, 500 
sheath of psoas muscle, 
532 

sheath of rectus abdo- 
minis, 478 
shoulder-joint, 382 
skull, 271 

small intestine, 1172 
spermatic plexus, 981 
veins, 741 

sphenoidal bone, 206 
spinal cord, 798 
ganglia, 799 
spleen, 1256 

splenic or lienal artery, 669 
sternoclavicular joint, 375 
stemocleidomastoideus, 

451 

sternum, 194 
stomach, 1153 
subclavian artery, 634 
superior thyreoid artery, 
610 

sagittal sinus, 718 
vena cava, 731 
suprarenal glands, 1252 
sutural bones, 229 
sympathetic nervous sys- 
tem, 982 
tarsal bones, 349 
joints, 428 
teeth, 1111 

temporal artery, super- 
ficial, 616 I 

tendons of leg and foot, 


Applied Anatomy of — 
trigeminal nerve, 903 
trochlear nerve, 892 
tympanic eavitv, 1034 
ulna, 294, 529 ‘ 
ulnar artery, 657 
nerve/947 
ureter, 1202 
urethra, 1210 
urinary bladder, 1207 
uterine tube, 1230 ! 

uterus, 1237 j 

vagus nerve, 921 
veins in front of elbow, I 
727 ! 

vena cava, inferior, 740 ! 

superior, 731 j 

vermiform process, 1172 ! 

vertebral column, 184, 359, ' 
367 

vesicate seminales, 1218 j 
volar arches, 661 
Wormian bones, 229 
wrist -joint, 395 

Aquaeductus cochlea*, 212, 1038 ; 
Fallopii, 211, 1030 
vestibuli, 211, 264, 1036 
Aqueduct, cerebral, 831 
of Sylvius, 831 
Aqueous humour, 1006 
Arachnoid, cerebral, 881 
spinal, S81 
structure of, SSI 
Araehnoideal granulations, 882 
structure of, 882 
Arantii, corpus, 585, 587 
ligament-urn venosum, 1180 
Arbor vite cere belli, 817 
uteri, 1233 

Arc, longitudinal, of skull, 270 
Arch, alveolar, 233 
of aorta, 600 
axillary, 495, 645 
carotid, 121 

of cricoid cartilage, 1062 
dorsal venous, 733 
glossopalatine, 1 1 1 S 
hyoid, 77 

lumbocostal, lateral, 465 
medial, 465 
mandibular, 76 
nasal, 710 
palmar, deep, 656 
superficial, 660 
pharyngopalatine, 1118 
plantar, 706 j 

cutaneous venous, 734 


Arcuate fibres of cere tel turn, 

819 

ligaments of dim A.-i ;m. 465 

line of ilium, ;>n»> 
nucleus, Nu,s 
popliteal ligament, 413 
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; i ii « ■ '• a- ■■ \ . 871 
facialis, 211 

for heat, cold, arul pain, 871 
for muscular seme, 871 
for sense of smell, 871 
for sense of taste, 871 
for tactile sense, 871 
motor, 870' 
oval, of Fieohsig, 797 
parolfactory of Broca, .852 
pericardial, 50 
postrema, 825 
striata, 871 
vasciilosa, 109 
ve>tilus?.iri> inferior, 211 
superior, 2 1 1 
visnopsyehie, 87 1 
visuosensory, 871 
j Areas of Cohnheim, 30 
associational, STL 
| Areola of mamma, 1241, 
i Areolae of bone, primary, 23 
| ^.r.-ndan*. 23 

; :! * :_ f !.i 1241 

| Argyli-Hobertson pupil, 877 
| Arm, fascia of, 503 
I muscles of, 503 
Arnold, canaliculus hmomina- 
tus of, 203* 
j nerve of, 919 
I Arreetores ptlonsm, 32, 1057 
! Arteria auastmiiottei magna, 
of arm, 652 
of thigh, 695 
i anonyma, 602 
i centralis retime, 626, 1005 
j cervical is profunda, 642 
j eomitans nervi ischiadici, 682 
nervi phrenic i, 640 
dorsalis hallueis, 703 
i pedis, 702 

applied anatomy of, 703 
scapula*, 647 
femoris, 6S7 
hyaloidea, 104, 1007 
intercostalis suprema, 642 
magna hallueis, 707 


558 pubic, 314 mediana, 123, 658 

testicular veins, 741 tendinous, of pelvic fascia, pancreatica magna, 669 

testis, 1215 484 pr bleeps cervicis, 614 

thoracic aorta, 663 venous jugular, 712 j pollieis, 656 

duct, 750 vertebral, 164 ! profunda braehii, 651 

nerves, 951 volar, deep, 656 j femoris, 693 

thorax, 194 superficial, 660 j linguae, 611 

•thymus, 1249 zygomatic, 252 trans versa colli, 642 

thyreoid artery, superior, Archenteron, 49 volaris indie is radialis, 656 

610 Arches, aortic. 111, 120, 121 Arterial circle of Willis, 630 


gland, 1245 
tibia, 333, 568 
tibial artery, anterior, 
701 


branchial, 76 
cortical, of kidney, 1196 
of fauces, 1118 
of foot, 431 


I mesoeardimn, 576 
| Arteria* propria* renales, 1199 
| Arterioles, 569 
} Arteriosclerosis, 595 


posterior, 704 primitive costal, 70 ■ j Artery or Arteries — 

tongue, 1118 superciliary, 217, 247, 251, abdominal amt a, 605 

palatine tonsils, 1119 256 * accessory pudendal, 682 

trachea, 1076 visceral, 76 meningeal, 619 

tracheobronchial glands, Arcuate artery, 703 renal, 674, 1199 

777 fibres, external, 808 alar, of nose, 614 

triceps braehii, 507 internal, 805 thoracic, 648 
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Artery or Arteries ( coni .) 

alveolar, anterior superior, 
620 

inferior, 619 
posterior superior, 619 
anastomoses of, 595 
anastomosis cruciate, 694 
around the elbow- joint, 
652 

around the knee-joint, 699 
anastomotic branch of in- 
ferior glutseal, 682 
anastomotiea magna, of 
brachial, 652 
of femoral, 695 
angular, 614 
anterior cerebral, 629 
chorioidal, 630 
ciliary, 627 
communicating, 629 
ethmoidal, 627 
humeral circumflex, 647 
inferior cerebellar, 638 
lateral malleolar, 702 
medial malleolar, 701 
mediastinal, 640 
meningeal, 626, 628 
spinal, 637 

superior alveolar, 620 
tibial, 700 
recurrent, 701 
tympanic, 618 

anterolateral ganglionic, 630 
anteromedial ganglionic, 629 
aorta, 597 
abdominal, 665 
arch of, 600 
ascending, 598 
descending, 661 
thoracic, 661 
appendicular, 672 
applied anatomy of, 595 
arcuate, 703 
arteriosclerosis of, 595 
articular, of knee, 698, 699 
ascending cervical, 641 . 
palatine, 612 
pharyngeal, 610 
auditory, internal, 638, 1048 
auricular, anterior, 616 
deep, 618 
of occipital, 615 
posterior, 615 
axillary, 644 

azygos articular of knee, 
699 

of vagina, 680 
basilar, 637 
brachial, 648 
of brain, 631 
cortical system, 631 
ganglionic system, 631 
bronchial, 663, 1091 
of innominate, 602 
buccinator, 619 
csecal, of ileocolic, 672 
calcaneal, lateral, 705 
medial, 705 
caroticotympanic, 626 
carotid, common, 605 
external, 609 
internal, 623 
carpal, dorsal, 656, 660 
volar, 655, 660 
carpal network, dorsal, 655 
volar, 656 
cavernous, 626 
central, of retina, 1005 


Artery or Arteries (coni.) 

cerebellar, anterior inferior, 
638 

posterior inferior, 637 
superior, 638 
cerebral, anterior, 629 
middle, 629 
posterior, 638 

of cerebral haemorrhage, 630, 
872 

cervical, ascending, 641 
superficial, 642 
transverse, 642 
cervicalis profunda, 642 
chorioidal, anterior, 630 
posterior, 638 
ciliary, 627 
circle of Willis, 630 
circulus arteriosus major, 627 
minor, 672 

circumflex, anterior humeral, 
647 

external, 693 
internal, 693 
lateral femoral, 693 
medial femoral, 694 
posterior humeral, 647 
scapular, 647 
superficial iliac, 693 
coccygeal, of inferior glutseal, 
682 

cceliac, 666 
colic, left, 672 
of ileocolic, 672 
middle, 672 
right, 672 

collateral circulation, 595 
intercostal, 664 
comitans nervi ischiadici, 682 
nervi phreniei, 640 
common carotid, 605 
iliac, 676 
interosseous, 658 
volar digital, 661 
communicating, anterior, 629 
of dorsalis pedis, 703 
of peroneal, 705 
posterior, 630 
of posterior tibial, 705 
coronary, of heart, 598, 599 
of lips, 614 

of corpus cavemosum penis, 
681 

cortical arteries of brain, 631 
cos to cervical, 642 
cremasteric, 686, 1219 
cricothyreoid, 610 
cruciate anastomosis, 694 
cystic, 669 
deep auricular, 618 
cervical, 642 
epigastric, 686 
external pudendal, 693 
iliac circumflex, 687 
palmar arch, 656 
of penis, 681 
plantar, 703 
temporal, 619 
volar branch of ulnar, 660 
dental, inferior, 619 
posterior, 619 
descending aorta, 661 
branch of occipital, 615 
palatine, 620 
development of, 119 
digital, volar, 661 
distribution of, 595 
dorsal carpal of radial, 656 


Artery or Arteries ( cont .) 
dorsal carpal of uln^r, 660 
interosseous, 659 
metacarpal, 656 
first, 65§ 
metatarsal, 703 
first, 703 
plantar, 707 
first, 703 
nasal, 626, 628 
of penis, 682 
segmental, 122 
dorsales linguae, 611 
dorsalis hallucis, r 703 
pedis, 702 
scapulae, 647 

of ductus deferens, 679, 
1219 
end, 595 

epigastric, deep or inferior, 
686 

superficial, 693 
superior, 640 
ethmoidal, 627 
external carotid, 609 
circumflex, 693 
iliac, 685 
mammary, 647 
maxillary, 612 
plantar, 706 
pudendal, deep, 693 
superficial* 693 
spermatic, 686 
facial, 612 

transverse, 616 
femoral, 687 

circumflex, lateral, 693 
medial, 694 
fibular, 705 

first dorsal metacarpal, 656 
dorsal metatarsal, 703 
plantar metatarsal, 703 
frontal, 626, 628 

of superficial temporal, 

616 

ganglionic of brain, antero- 
lateral, 630 
anteromedial, 629 
posterolateral, 631, 638 
posteromedial, 630, 638 
gastric, left, 667 
right, 668 
short, 669 

gastroduodenal, 668 
gas tro -epiploic, right, 668 
left, 669 

genicular, highest, 695 
inferior, 699 
middle, 699 
superior, 698 

glomerular, of kidney, 1199 
glutseal, inferior, 682 
superior, 684 
greater palatine, 620 
hsemorrhoidal, inferior, $81 
middle, 679 
superior, 672 
of head and neck, 605 
liclieh.o, 1222. 
bop.srio, C»67, |'18S 
highest genicular, 695 
thoracic, 646 

humeral circumflex, anterior, 
647 

posterior, 647 
hyaloid, 104, 1007 
hyoid, 610, 611 
hypogastric, 592, 594, 678 
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SURFACE ANATOMY AND SURFACE MARKINGS 


The jugular notch is at the level of the lower border of the body of the second 
thoracic vertebra, and the sternal angle at the level of the fibrooartilage between 
the fourth and fifth ; the junction between the body and xiphoid process of the 
sternum corresponds to the fibrocartilage between the ninth and* tenth thoracic 
vertebrse. 

The degree of obliquity of the ribs is such that 6 if a horizontal line be drawn 
round the body at the level of the inferior angle of the scapula, while the arms 
are at the sides, the line would cut the sternum in front between the fourth and 
fifth ribs, the fifth rib in the nipple line and the ninth rib at the vertebral 
column.’ (Treves.) 

The Diaphragm. — The shape and variations of the Diaphragm .as seen by 
sKagraphy have already been described (p. 467). 


Fig. 1238. — The front of the thorax, showing the surface relations of the bones, 
lungs (purple), pleura (blue), and heart (red outline). 



The surface lines. — For clinical purposes, and for convenience of description, 
the surface of the thorax has been mapped out by arbitrary lines (fig. 1241). On 
the front of the thorax the most important vertical lines are the midsternal or 
median line, and the mammary line, the latter of which descends vertically from 
a point midway between the centre of the jugular notch and the tip of the acromion, 
and, if prolonged, almost corresponds with the lateral line on the front of the 
abdomen. Other vertical lines are the lateral sternal along the sternal margin, and 
the parasternal midway between the lateral sternal and mammary lines. 

On either side of the thorax the anterior and posterior axillary lines are drawn 
vertically from the corresponding axillary folds ; the midaxillary line runs down- 
wards from the apex of the axilla. 

On the posterior surface of the thorax the scapular line is drawn vertically 
through the inferior angle of the scapula. 

The pleurae (figs. 1237, 1238). — The lines of reflection of the pleurae can be indi- 
cated on the surface. On the right side the line passes through the sternoclavicular 
articulation and runs downwards and medialwards to the midpoint of the 
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Artery or Arteries ( cont .) 
pudendal, accessory, 682 
deep external, 693 
internal, 680 
in female, 682 
in male, 681 
superficial external, 693 
pulmonary, 595 
pyloric, 668 
radial, 653 
recurrent, 655 

ramus descendens of occipi- 
tal, 614 
ranine, 611 

recurrent of hand, 656 
interosseous, 660 
radial, 655 
tibial, anterior, 701 
posterior, 701 
ulnar, volar, 658 
dorsal, 658 
renal, 674, 1198 
accessory, 1199 
right colic, 672 
gastric, 668 
gastro -epiploic, 668 
sacral, lateral, 684 
middle, 676 

scapular circumflex, 647 
posterior, 642 
transverse, 641 
sciatic, 682 
scrotal, posterior, 681 
segmental, 121 
semilunar, 626 
septal, of nose, 614 
posterior, 620 
sheaths of, 570 
short posterior ciliary, 627 
gastric, 669 
sigmoid, 672 
smaller palatine, 620 
spermatic, external, 686 
internal, 674 
sphenopalatine, 620 
spinal, anterior, 637 
posterior, 637 
splenic, 669 
stapedial, 121 
sternal, 640 

sternocleidomastoid, 610, 615 
striate, lateral, 630 
striate, medial, 630 
structure of, 570 
stylomastoid, 615 
subclavian, left, 631 
right, 632 
subcostal, 664 
sublingual, 611 
submental, 613 
subscapular, 647 
superficial cervical, 642 
epigastric, 693 
external pudendal, 693 
iliac circumflex, 693 
palmar arch, 660 
petrosal, 618 
temporal, 616 
volar, 655 
volar arch, 660 
superior articular of knee, 
698 

cerebellar, 638 
coronary, 614 
epigastric, 640 
genicular, 698 
glutseal, 684 
haemorrhoidal, 672 


INDEX 

Artery or Arteries {cont.) 
superior intercostal, 642 
labial, 614 
laryngeal, 610 
mesenteric, 669 
pancreaticoduodenal, 668 
phrenic, 663 
profunda, 651 
suprarenal, 676 
thoracic, 646 
thyreoid, 609 
ulnar collateral, 652 
vesical, 679 
supra -orbital, 627 
suprarenal, inferior, 674 
middle, 674 
superior, 676 
suprascapular, 641 
sural, 698 
tarsal, lateral, 703 
medial, 703 
temporal, deep, 619 
middle, 616 
superficial, 616 
testicular, 674, 1215 
thoracic aorta, 661 
axis, 646 
highest, 646 
lateral, 647 
long, 647 
superior, 646 
thoraco -acromial, 646 
thymic branch of innominate, 
602 

thyreocervical trunk, 640 
thyreoid axis, 640 
inferior, 640 
superior, 609 
thyreoidea ima, 602 
tibial, anterior, 700 
posterior, 703 
recurrent, 701 
tonsillar, 613 

tracheal, of inferior thyreoid, 
641 

transversa colli, 642 
transverse cervical, 642 
facial, 616 
scapular, 641 
of the trunk, 661 
tympanic, anterior, 618 
inferior, 610 
superior, 618 
ulnar, 656 

collateral, inferior, 652 
superior, 652 

ulnar recurrent, dorsal, 658 
volar, 658 

umbilical, in foetus, 64, 592, 
678 

of upper extremity, 631 
urethral, 681 
of urethral bulb, 681 
uterine, 679 
vaginal, 680 

vasa aberrantia of brachial, 
649 . 
brevia, 669 
intestini tenuis, 670 
vasorum, 574 
ventral segmental, 121 
vertebral, 636 
vesical, inferior, 679 
superior, 679 
branch of obturator, 680 
Vidian, 620 
volar arch, deep, 656 
superficial, 660 


Artery or Arteries {cont . ) 
volar carpal of radial, 655 
of ulnar r 600 
volar, deep, of ulnar, 660 
digital, common, 661 
proper, 661 
interosseous, 658 
metacarpal, 656 
first, 656 

superficial of radial, 655 
volaris indicis radialis, 656 
zygomatic of lacrimal, 626 
zygomatico -orbital, 616 
Arterioles, 569 
Arthrodia, 354 

Articular arteries from popli- 
teal, 698, 699 
capsules, 351 

stratum fibrosum, 351 
stratum synoviale, 351 
cartilage, 15, 351, 353 
disc of acromioclavicular 
joint, 376 

of distal radio -ulnar joint, 
388 

of mandibular joint, 356 
of sternoclavicular joint, 
375 

end-bulbs, 1048 
lamella of bone, 351 
processes of vertebrae, 165 
tubercle of temporal bone, 
207, 252 

Articularis genus, 537 
Artieulatio ellipsoidea, 354 
sellaris, 354 
sphseroidea, 354 
trochoidea, 354 
Articulations — 

acromioclavicular, 376 
ampin' a rchroses, 353 
ankle, 420 
arthrodia, 354 

of atlas with epistropheus 
or axis, 363 

of atlas with occipital bone, 
366 

of auditory ossicles, 1032 
ball and socket, 354 
calcaneocuboid, 426 
carpometacarpal, 395 
classification of, 352 
! condyloid, 354 
costocentral, 367 
costochondral, 372 
costotransverse, 369 
costovertebral, 367 
coxal, 403 

of cranium with vertebral 
column, 366 
cubital, 383 
cuboideonavicular, 428 
cuneocuboid, 428 
cuneonavicular, 427 
development of, 82 
diarthroses, 353 
digital, of hand, 397 
of foot, 430 
elbow, 383 
ellipsoid, 354 
enarthrosis, 354 
ginglymus, 354 
gomphosis, 353 
of heads of ribs, 367 
hinge-joint, 354 
hip, 403 
humeral, 378 
immovable, 352 
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Articulations (contt) 
intercarpal, 393 
interchondral, 372 
in tercuneif orm * 42 8 
intermetacarpal, 396 
intermetatarsal, 429 
intertarsal, 424 
knee, 410 

of laryngeal cartilages, 1063 
of lower extremity, 398 
mandibular, 355 
of manubrium with body of 
sternum, 372 
metacarpophalangeal, 396 
metatarsophalangeal, 430 
movable, 353 

movements permitted in, 354 
pivot, 354 

pubic symphysis, 400 
radiocarpal, 390 
radio -ulnar, distal, 388 
proximal, 387 
of ribs, 367 

sacrococcygeal symphysis, 

361 

, sacro-iliac, 398 
saddle, 354 
shoulder, 378 
sphseroid, 354 
sternoclavicular, 374 
sternocostal, 370 
sutura, 35£ 
symphysis, 353 
pubic, 400 
synarthroses, 352 
synchondrosis, 353 
syndesmosis, 353 
talocalcaneal, 424 
talocalcaneonavicular, 424 
talocrural, 420 
tarsometatarsal, 428 
temporomandibular, 355 
tibiofibular, 419, 420 
syndesmosis, 420 
transverse tarsal, 426 
trochoid, 3§4 
of upper extremity, 374 
of vertebra] arches, 360 
of vertebral bodies, 357 
of vertebral column, 357 
with cranium, 366 
wrist, 390 

Aryepiglottic fold, 1066 
Aryepiglotticus muscle, 1069 
Arytsenoid cartilages, 1062 
glands, 1071 
swellings, 145 

Arytsenoideus obliquus, 1069 
transversus, 1069 
Ascending aorta, 598 
branches of, 598 
bulb of, 598 
cervical artery, 641 
colon, 1165 
degeneration, 793 
Association fibres of cerebral 
hemispheres, 866 
of cerebellum, 819 
neurons of medulla spinalis, 
* 790 

Associational areas, 871 
Asterion, 270 
Astragalus, 334 

ossification of, 347, 348 
Atavistic epiphyses, 25 
Atlanto -occipital joints, 366 
ligaments of, 366 
movements at, 367 


Atlanto-occipital membrane, j Auricu lar surface < >f sacrum, 1 7 6 


anterior, 366 
posterior, 366 
Atlanto -epistrophic joints, 363 
ligaments of, 363, 365 
movements at, 366 
Atlas, 167 

development of anterior arch 
of, 69, 70 
ossification of, 180 
transverse ligament of, 364 


tubercle of Darwin, 1022 
[ vein, posterior, 712 
j Aurieularis anterior, 1024 
posterior, 1024 
| superior, 1024 
| Auriculotemporal nerve, 901 
t Aurieuloventrieulitr groove, 578 
j Auscultation of lungs, 1002 
i Auscultation, trianule of, 495, 
' 1277 


urans verse ugameiu oi, du~t ; ij.i i 

Atresia, congenital, of pupil, i Autacoid substances, 1243* 

1 A4 ‘ f A-.i- : ... 


33, 


104 

of pulmonary orifice, 596 
Atria of heart, 580, 585 
muscular fibres of, 588 
of lungs, 1089 
Atrial canal, 113, 115 
septum, 580 
systole, 591 

Atrioventricular bundle, 

589 

applied anatomy of, 591 
node, 589 
orifice, left, 586 
right, 583 

Atrium of heart, left, 585 
right, 580 
primitive, 113 
division of, 115 
of middle meatus of nasal 
cavity, 987 

Attic or epitympanic recess, | 
209, 1027 

Auditopsyehic area, 871 
Auditory artery, internal, 638, j 
1048 

ossicles, 1031 j 

articulations of, 1032 j 
development of, 108 
pit, 106 
plates, 106 

teeth of Huschke, 1043 
tube, 1030 

cartilaginous portion 
1030 
isthmus of, 1031 
osseous portion of, 1030 
pharyngeal ostium of, 1122 
tonsil of, 1031 , 

torus tubarius or cushion 
of, 1031, 1122 
veins, internal, 1048 
vesicle, 106 

Auditosensory area, 871 
Auerbach’s plexus, 1162 
Auricula of ear, 1022 
cartilage of, 1023 
development of, 108 
ligaments of, 1023 
lymphatic vessels of, 754 
muscles of, 1023 
structure of, 1022 


system, 


of, 


of, I 


Autonomic nervous 
779, 969 

parasympathetic part 

779 

postganglionic fibres of, 779 
preganglionic fibres of, 779 
sympathetic part of, 779 
nerves, 781, 928 
Axes of pelvis, 314 
Axial filament of spermato- 
zoon, 44 

Axial part of skeleton, 163 
Axilla, 496, 643 
applied anatomy of, 043 
contents of, 643 
Axillary arch, 495, 645 
artery, 644 

applied anatomy of, 645 
branches of, 646 
peculiarities of, 648 
surface marking of, 1301 
fascia, 496, 642 

applied anatomy of, 496 
lymph -glands, 759 
" applied anatomy of, 760 
nerve, 938 

applied anatomy of, 947 
surface marking of, 1302 
sheath, 645 
vein, 727 

applied anatomy of, 727 
Axis, cerebrospinal, 779 
of lens, 1007 
optic, 993 
thyreoid, 640 

Axis cylinder process, 35, 37 
cone of origin of, 36 
Axis vertebra or epistropheus, 
! 168 

ossification of, ISO 
Axon, 35 

Azygos arteries of vagina, 680 
artery, articular, 699 
uvuli, 1120 
vein, 731 


Back, deep muscles of, 456 
surface anatomy of, 1272 
surface markings of, 1274 
Baillarger, inner and outer 
bands of, 869 


vessels and nerves of, 1024 j Ball and socket joint, 3o4 


Auricula of heart, left, 585 
right, 581 
Auricular arteries, 615, 616 
deep, 618 
of occipital, 614 
posterior, 614 

lymph -glands, anterior, 751 
posterior, 751 
nerves, anterior, 901 
great, 932 
posterior, 911 
nerve of vagus, 919 
point, 270 

surface of ilium, 309 


817 


Band of Baillarger, inner, 869 
outer, 869 

diagonal of Broca, 852 
furrowed, of cerebellum 
of Gennari, 869 
of Giacomini, 852 
iliotibial, 534 
moderator,' 584 
peripheral dorsal, 796 
Bar, hypoehordal, 69 
Bare area of liver, 1122, 1184 
Barrel-shaped chest, 195 
Bartholin, duct of, 1099 
glands of, 158, 1240 
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Basal column, posterior, 791 
Basal ganglia, 859 
knobs of Engelmann, 5 
lamina, 85 
membrane, 1228 
optic nucleus, 838 
plate of placenta, 65 
veins, 717 

Bands, enamel, 1108 
Base of sacrum, 176 
of cerebral peduncle, 827 
of heart, 578 
of nose, 984 

of skull, inferior surface, 247 
superior surface, 260 
Base-line, Beid’s, 1262 
Basement-membranes, 12 
Basilar artery, 637 
Basilar membrane, 1043 
zona arcuata, 1043 
pectinata, 1043 
part of occipital bone, 198 
of pons, 812 
plexus, 723 
Basilic vein, 726 
median, 725 

Basinasal length of skull, 270 
Basion, 270 
Basiphil leucocytes, 28 
Basis bundle, anterior, 794, 806 
lateral, 795, 806 
Basis cranii externa, 247 
interna, 257 

Basivertebral veins, 733 
Basket cells of cerebellum, 821 
Bechterew, nucleus of, 814, 914 
Bed of stomach, 1147 
Bell, nerve of, 937 
Bell’s paralysis, 912 
Bellini, ducts of, 1197 
Betz, giant cells of, 869 
Biceps brachii, 503 

applied anatomy of, 505 
femoris, 547 
Bicipital fascia, 504 
groove, 283 
ridges, 283 
Bicuspid teeth, 1103 
valve, 586 

Bifurcated ligament, 426 
calcaneocuboid part of, 426 
calcaneonavicular part of, 
426 

Bigelow, Y-shaped ligament of, 
405 

Bile-capillaries, 1188 
Bile-duct, 1189 
lymphatic vessels of, 771 
structure of, 1190 
Bipolar cells of retina, 1003 
cone-bipolars, 1003 
rod-bipolars, 1003 
Bipolar nerve-cells, 34 
Bird’s nest of cerebellum, 817 
Bismuth poisoning, 1095 
Biventer cervicis, 460 
Biventral lobules of cerebellum, 
817 

Bladder, gall, 1189 
urinary, 1202 
applied anatomy of, 1207 
in child, 1204 
development of, 157 
extroversion of, 317, 1207 
in female, 1204 
interior of, 1206 
ligaments of, 1204 
lymphatic vessels of, 771 


Bladder, urinary (cont.) 
structure of, 1207 
trigone of, 1206 
vessels and nerves of, 1207 
Blandin, glands of, 1117 
Blastopore, 50 
Blind spot, 1003 
Blood, 26 

cells, ichthyoid, 110 
sauroid, 110 

corpuscles, colourless, 27 
red, 26 
origin of, 109 
course of, in adult, 569 
in fcetus, 592 
eosinophil corpuscles, 28 
erythyrocytes, 26 
hyaline cells, 28 
islands, 109 
leucocytes, 27 
polymorphonuclear, 27 
liquor sanguinis of, 26 
! lymphocytes, 28 
macrocytes, 28 
microcytes, 26 
plasma, 26 
plastids, 110 
platelets, 28 
thrombokinase, 28 
Bloodless fold of Treves, 1146 
Blood-vascular system, 569 
Bodies, aortic, 101, 1249 
of Call and Exner, 1228 
: carotid, 101, 1249 
chromaffin, 1249 
Malpighian, of kidney, 1197 
of spleen, 1255 
paraterminal, 99 
polar, 42 
restiform, 808 
ultimo branchial, 135 
Body, anococcygeal, 1170 
ciliary, 998 
coccygeal, 1252 
of fornix, 862 
geniculate, lateral, 835 
medial, 835 
paranephric, 1195 
perimeal, 1170, 1238 
pineal, 836 
pituitary, 838 
trapezoid, 813 
of uterus, 1232, 1233 
vitreous, 105, 1006 
Wolffian, 150 

Body-cavities, development of, 
146 

Body-stalk, 55, 58, 61 
Bone, 17 

acute diaphysitis, 25 
acute infective necrosis, 25 
acute infective periostitis, 25 
applied anatomy of, 25 
articular lamella of, 351 
canaliculi of, 20, 21 
cancellous tissue of, 17 
cavum medullare, 18 
cells, 21 

centres of ossification, 23 
chemical composition of, 21 
compact substance of, 17 
diaphysis, 25 
diploe of, 164 

eminences and depressions 
of, 164 
epiphyses, 25 
foramen nutrieium, 19 
growth of, 22 


Bone {cont.y 
Haversian canals of w 20 
systems pf, 20 
lacunse of, 20, 21 
lamellae of, 2Q 
lymphatics of, 19 
marrow or medulla, ossium 
of, 18 

marrow-cells, 19 
medullary membrane of, 18 
megakaryocytes, 19 
minute anatomy of, 19 
myelocytes, 19 
myeloplaxes, 19 ' 
necrosis of, 25 
nerves of, 19 
nutrient artery of, 19 
ossein, 22 
ossification of, 22 
osteoblasts, 22, 23 
osteoclasts, 23 
osteogenic fibres, 22 
perforating fibres of, 21 
periosteum of, 18 
premature synostosis of, 26 
sequestrum, 25 
spongy substance of, 17 
structure and physical pro- 
perties of, 17 

substantia compacta of, 17 
spongiosa of, 17 
vessels of, 19 
Bones — 
astragalus, 334 
atlas, 167 

axis or epistropheus, 168 
calcaneus, 339 
capitate, 301 
carpal, 298 
of chest, 193 

classes of, viz. long, flat, 
mixed or irregular, short, 
163 

clavicle or collar bone, 279 
clavicula, 279 
coccyx, 179 

of columna vertebralis, 164 
concha?, inferior nasal, 224 
costse, 188 
cranial, 196 
cuboid, 344 

cuneiform of carpus, 299 

cuneiforms, of tarsus, 342 

dermal or covering, 76 

epihyal, 452 

epistemal, 187 

epistropheus or axis, 168 

ethmoidal, 220 

facial, 230 

femur, 317 

fibula, 330 

flat, 163 

of foot, 334 

frontal, 217 

hamate, 302 

of hand, 298 

hip, 306 

humerus, 282 

hyoid, 246 

ilium, 306 

incus, 1032 

of inferior extremity, 306 
inferior nasal conchse, 224 
innominate, 306 
interparietal, 200 
irregular, 164 
ischium, 309 
lacrimal, 225 
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Bones (coni) 

lacrimal, lesser, 226 
long, 163 # 

lunate, 299 
malar, 239 * 

malleus, 1031 
mandible, 240 
maxillae, 230 
metacarpal, 302 
metatarsal, 344 
of middle ear, 1031 
development of, 108 
multangular, greater, 300 
lesser, 300 
nasal, 226 

navicular of carpus, 298 
of tarsus, 341 

number of, in the body, 163 
occipital, 196 
os acetabuli, 313 
calcis, 339 
capitatum, 301 
coccygis, 179 
cordis, 587 
coxae, 306 
cuboideum, 344 
cuneiforme primum, 342 
secundum, 342 
tertium, 343 
ethmoidale, 220 
frontale, 217 
hamatum* 302 
hyoideum, 246 
ilii, 308 
ineisivum, 234 
ischii, 309 
lunatum, 299 
magnum, 301 
multangulum. majus, 300 
minus, 300 

naviculare manus, 298 
pedis, 341 
occipitale, 196 
pisiforme, 300 
planum of ethmoidal, 222 
pubis, 310 
sacrum, 174 
sphenoidale, 200 
trigonum, 339 
triquetrum, 299 
ossa carpi, 298 
cranii, 196 
faciei, 230 
lacrimalia, 225 
metacarpi, 302 
metatarsi, 344 
nasalia, 226 
palatina, 236 
parietalia, 215 
suturarum, 229 
tarsi, 334 

temporalia, 206 
zygomatica, 239 
palatine, 236 
parietal, 215 
patella, 333 
of pelvic-girdle, 274 
of pelvis, 313 
phalanges of foot, 346 
of hand, 304 
pisiform, 300 
premaxilla, 234 
radius, 287 
ribs, 188 
sacrum, 174 
scapula, 274 
semilunar, 299 
sesamoid, 350 


Bones (coni.) 
short, 163 
shoulder-blade, 274 
of skull, 195 
sphenoidal, 200 
conchse, 205 
stapes, 1032 
sternum, 185 
of superior extremity, 274 
of shoulder-girdle, 274 
surface of, 164 
sutural, 229 
talus, 334 
tarsal, 334 
of thorax, 193 
temporal, 206 
tibia, 327 
j trapezium 300 
trapezoid, 300 
triquetral, 299 
ulna, 291 
unciform, 302 
vertebra prominens, 169 
vertebrae, 164 
! structure of, 165 

cervical, 165 
first, 167 
second, 168 
seventh, 169 
coccygeal, 179 
fixed, 164 
lumbar, 172 
fifth, 174 
movable, 164 
sacral, 174 
thoracic, 170 
eleventh, 172 
first, 171 
ninth, 172 
tenth, 172 
twelfth, 172 
vertebral column, 164 
vomer, 227 
Wormian, 229 
zygomatic, 239 
Bony framework of outer nose, ! 
984 

semicircular canals, 1037 
Boundary layer of decidua, 63 
zone of suprarenal gland, 
1251 

Bowman, capsule of, 1197 
glands of, 990 

Brachia of corpora quadrige- 
mina, 829 

Brachia conjunctiva of cere- 
bellum, 818, 823 
pontis, 818 
Brachial artery, 648 

applied anatomy of, 649 
branches of, 651 ^ 
peculiarities of, 651 
surface markings of, 1301 
cutaneous nerve, lateral, 938 
medial, 940 
posterior, 945 
fascia, 502 
plexus, 935 

applied anatomy of, 946 
surface anatomy of, 1272, 
1297 
veins, 727 
Brachialis, 504 
Brachialis anticus, 504 
Brachioradialis, 513 
Braohyfacial skulls, 271 

Brain, 799 

; , applied anatomy of, 876 
2t2 


| Brain, arteries of, 631 
| cerebellum, SI. 4 
j cerebral hcmisph^n >. 843 
| development of, 90 
I diencephalon, 831 
| divisions of, 799 
! general considerations of, 799 
; isih;m> :.J-- mvi-li.,::. SO0 
j medulla »■ d>|. 800 

| meninges ut\ 877 
i mesencephalon, or mid -brain, 

| . 825 

\ metencpphalon. 800 
! mvelenerpii.-iiim, 800 
| pons, 811 

I prosencephalon or fore-brain, 

| ' 831 

| rhinencephalon, 851 
| rhombencephalon nr hind- 
I , brain, 800 
j surface markings of, 1262 
telencephalon, 842 
tlialamencepha!- m, 832 
veins <>f, 716 
ventricles — 
fourth, 822 
| lateral, 854 

of mid-brain, 831 
third, 841 
of Versa, 862 
weight of, 872 
Branchial arches, 70 
grooves, 76 

Breadth -index of skull, 270 
Breadth of skull, 270 
Breasts or mamma*, 1240 
development of, 84 
Bregma, 270 
Bridge of nose, 256, 984 
! Brim of pelvis, 313 
Broad ligaments of uterus, 
1136, 1138, 1234 
Broca, cap of, 847 
diagonal band of, 852 
gyrus of, 847 
limbic lobe of, 850 
parolfactory area of, 852 
Bronchi, divisions of, 1088 
intrapuimonary, 1089 
Bronchial arteries, 653, 1091 
branch of innominate artery, 
002 

lymph -glands, 776 
muscle, 1089 
nerves, 921 
veins, 732, 1091 
Bronchioles, lobular, 1089 
Bronchomediastinal trunks, 
750, 776 

Bronchopulmonary lymph- 
glands, 776 

Bronchus, eparterial, 1074 
hyparterial, 1075 
intrapuimonary, 1089 
left, 1075 
right, 1074 

Brunner’s glands, 1160 
Bryant’s triangle, 1308 
Bubonocele, 1173 
Buccje, 1094 

Buccal branches of facial 
nerve, 912 
glands, 1094 
nerve, long, 900 
Buccinator artery, 619 
lymph-glands, 752 
muscle, 442 
nerve, 900 
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Bucconasal membrane, 79 
Buccopharyngeal fascia, 448 
membrane, 50, 133 
Bulb of aorta, 598 
of corpus cavemosum penis, 
1220 

of eye, 993 (see also under 
Eyeball) 

olfactory, 851, 872 
optic, 102 

of posterior cornu, 856 
urethral, 1221 
of vestibule, 1140 
Bulbar paralysis, 811 
ridges, 118 
septa, 117, 118 

Bulbocavemosus, in female, 
491 

in male, 489 

Bulbo -urethral glands, 158, 
1226 

Bulboventricular ridge, 117 
Bulba of internal jugular vein, 
713 

Wolffian, 151* 

Bulbus cordis, 113 
Bulla ethmoidalis, 224, 266, ! 
987 

Bundle, anterior basis, 794 
atrioventricular, 33, 589 
ciliary, 438 
lateral basis, 794 
oval, 86, 91, 100 
of Vicq d’Azyr, 834, 838, 
862 ! 
Burdach, tract of, 795 
Burns’ space, 448 
Bursa infraeardiaca, 142 
omental, 1136, 1139 
development of, 139 
omenti majoris, 1140 
minoris, 1140 
pharyngeal, 1124 
Bursse beneath glutaeus maxi- 
mus, 542 
mucosse, 352 
near knee-joint, 380 
near shoulder- joint, 415 
subcutaneous, 352 
subfascial, 352 
submuscular, 352 
subtendinous, 352 


Csecal arteries, 672 
fossa, 1146 
Caecum, 1163 
lymphatic vessels of, 770 
surface marking of, 1286 
types of, 1163 
Calamus scriptorius, 824 
Calcaneal arteries, lateral, 
705 

medial, 705 
nerve, medial, 963 
sulcus, 340 
tuberosity, 341 
Calcaneocuboid articulation, 
426 

ligament, dorsal, 426 
plantar, 426 

Calcaneofibular ligament, 423 
Calcaneonavicular ligament, 
plantar, 427 

applied anatomy of, 427 
Calcaneotibial ligament, 422 
Calcaneus, 339 
ossification of, 347 


| Calcar avis, 856 
| Calcar femorale, 325 
Calcarine fissure, 845 
Call and Exner, bodies of, 
1228 

Callosal fissure, 850, 852 
Calyces renales majores, 1194 
minores, 1194 
Calyculi, gustatory, 983 
Camper, fascia of, 470 
Canaliculi of bone, 21 
dental, 1104 

Canaliculus, inferior tympanic, 
212, 251 

innominatus of Arnold, 203* 
mastoid, 212, 251 
Canalis centralis cochleae, 211 
craniopharyngeus, 136, 206 
facialis, 211 
musculotubarii, 212 
reuniens of Hensen, 1040, 
1042 

Canal or Canals — 
adductor, 689, 1310 
Alcock’s, 483 
alimentary, 1092 
parts of, 1092 
alveolar, 230, 232, 253 , 
anal, 1169 
development of, 142 
atrial, 113, 115 
carotid, 211, 250, 261 
central of medulla spinalis, 
789 

of cervix of uterus, 1233 
condyloid, 199, 264 
craniopharyngeal, 136, 206 
ethmoidal, 219, 221 
facial, 210, 1030 
femoral, 689 
gastric, 138, 1149 
Haversian, 19 
of Huguier, 208, 911, 1028 
Hunter’s, 689 
hyaloid, 104, 1006 
hypoglossal, 199, 251, 263 
incisive, 234, 247 
infra-orbital, 231, 258 
inguinal, 481 
lacrimal, 1019 
mandibular, 243 
mental, 243 
nasolacrimal, 258, 266 
neural, 52 
neurenteric, 52 
of Nuck, 156, 1234 
of Petit, 1006 
pharyngeal, 254 
portal, 1188 

pterygoid, 204, 250, 254 
pterygopalatine, 231, 237 
sacral, 176 
of Schlemm, 994 
semicircular, 1037 
spiral of modiolus, 1037 
vertebral, 184 

Cancellous tissue of bone, 17 
Canine eminence, 230, 256 
fossa, 230, 256 
teeth, 1103 
Caninus, 441 
Canthi of eyelids, 1016 
Cap of Broca, 847 
Capacity of skull, 269 
Capillaries, 571 
structure of, 572 
Capitate bone, 301 
ossification of, 305 


Capitulum of humerus, 285 
Capsula extrema, 858 * 
vasculosajentis, 104 
Capsule of brain, external, 860 
internal, 859 
applied anatomy of, 872 
of Bowman, 1197 
fatty, of kidney, 1194 
of Glisson, 1142, 1186 
of lens, 1006 
nasal, 75 
of prostate, 1224 
of Tenon, 1013 
Capsules, articulaf, 351 
Caput csecum coli, 1163 
Medusa, 744 
Cardiac cycle, 591 
ganglion of Wrisberg, 979 
glands of stomach, 1151 
impression on liver, 1184 
impressions on lungs, 1086 
muscular tissue, 33 
Purkinje’s fibres, 33 
nerves from vagus, 921 
from sympathetic, 974, 975 
notch, 1087 

orifice of stomach, 1146 
plexus of nerves, 978 
valves, actions of, 591 
veins, 708, 709 
Cardinal veins, anterior, 125 
posterior, 125 - 
Cardiolysis, 577 

Caroticoclinoid foramen, 204* 
261 

ligament, 206 

Caroticotympanic artery, 626 
nerves, 973, 1034 
Carotid arch, 121 
artery, common, 605 

applied anatomy of, 607 
peculiarities of, 606 
surface marking of, 1272 
thoracic portion of left 
artery, 605 
external, 609 
applied anatomy of, 609 
branches of, 609 
surface marking of, 1272 
internal, 623 
applied anatomy of, 625 
branches of, 626 
cavernous portion, 625 
cerebral portion, 625 
cervical portion, 623 
peculiarities of, 625 
petrous portion, 624 
bodies, 101, 605, 1249 
canal, 211, 250, 261 
ganglion, 973 
glomera, 101 
nerve, internal, 973 
nerves from glossopharyn* 
geal, 917 

Carotid plexus, internal, 973 
of veins, 724 
sheath, 448 
sulcus, 201, 261 
triangles, 621 
tubercle, 167 

Carpal arteries, from radial* 
655, 656 
from ulnar, 660 
bones, 298 

capitate (os magnum), 
301 

hamate (unciform), 302 
lunate (semilunar), 299 
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Carpal bones ( cont 

multangular, greater 
(trapezium), 300 
lesser (trapezoid), 300 
navicular* 298 
pisiform, 300 
triquetral (cuneiform), 
299 

applied anatomy of, 306 
common characteristics of, 
298 

fracture of, 306 
surface anatomy of, 1294 
ligament, dorsal, 519 
transverse, 518 
volar, 519 

Carpometacarpal articulations, 
395 

Carpus, 298 

applied anatomy of, 306 
articulations of, 393 
surface anatomy of, 1294 
Cartilage, 14 
alar of nose, 985 
articular, 15, 351, 353 
of auricula, 1023 
cells, 15 
cellular, 14 

common paraseptal, 76 
costal, 15 
cricoid, 1061 
elastic fibre cartilage, 17 
of epiglottis, 1062 
epiphysial, 23 
greater alar of nose, 976 
hyaline, 14, 351 
intrathyreoid, 1061 
lateral of nose, 984 
lesser alar of nose, 977 
paraseptal, common, 76 
permanent, 14 
of septum of nose, 984 
temporary, 14 
thyreoid, 1059 
vomeronasal, 229, 988 
white fibro cartilage, 16 
yellow fibrocartilage, 17 
Cartilages, arytsenoid, 1062 
comiculate, 1062 
costal, 192 
cuneiform, 1062 
of larynx, 1059 
structure of, 1063 
Meckel’s, 77, 243 
of nose, 984 
greater alar, 985 
lesser alar, 985 
lateral, 984 
of septum, 984 
of Santorini, 1062 
of trachea, 1075 
of Wrisberg, 1062 
Cartilaginous ear capsules, 73, 
107 

framework of nose, 984 
vertebral column, 69 
Cartilago triticea, 1064 
Caruncula lacrimalis, 1018 
development of, 106 
CarunSulse hymenales, 1239 
Cataract, 1009 
Cauda equina, 784 
helicis, 1023 
Caudal fold, 55 
Caudate lobe of liver, 1184 
nucleus of brain, 858 
process of liver, 1184 
Cavernous arteries, 626 


Cavernous nerves, 9S2 
plexus, 973 

portion of urethra, 1209 
sinuses, 720 

applied anatomy of, 722 
nerves in, 906 
spaces of penis, 1222 
Cavity or cavities — 
amniotic, 49, 60 
body, development of, 146 
glenoid, 278 
of larynx, 1065 
of lesser pelvis, 314 
mediastinal, anterior, 1082 
middle, 1083 
posterior, 1083 
superior, 1082 
medullary, 18, 163 
of mouth, 1093 
nasal, 264, 986 
peritoneal, 1134 
pleural, 1077 

principal, of left atrium, 585 
of right atrium, 580 
pulp, 1104 
segmentation. 19 
of >iiri:!K a hi;nii. 864 

siiim.ud, mv.mT. ulna, 
292 

lesser, of ulna, 293 
of radius, 290 
subarachnoid, 881 
thoracic, 574 
tympanic, 1027 
of uterus, 1233 
Cavum conchrn, 1022 
laryngis, 1065 
Meckelii, 892 
medullare, 18 
oris, 1093 
Cell, animal, 1 
attraction sphere of, 2 
centriole of, 2 
centrosome of, 2 
division of, 2 
membrane, 2 
nucleus of, 2 
reproduction, 2 
structure of, 1 

Cell-islets, interalveolar, 1180 
Cell-lamime of cerebral cortex, 
867, 868 

Cell-mass, inner, _ 
intermediate, 52, 54 
Cells, amaerine, 1004 
amelo blasts, 1107 
basiphil, 28 

basket, of cerebellum, S21 

of Betz, 869 

bipolar, of retina, 1003 

bone, 21 

cartilage, 15 

centro -acinar, 1180 

chalice, 5 

chief or central, of fundus 
glands, 1152 
chromaffin, 1149 . 
clasmatocytes, 9 
of Claudius, 1045 
decidual, 63 
of Deiters, 1045 
of Dogiel, 926 
enamel, 1107 
eosinophil, 28 
epithelial, 4 
erythroblasts, 19 
erythrocytes, 26 
fat, 9 


• Cells (c/jid . ) 
germinal, 40 
goblet, 5 
of Golgi, 35, Si >9 
granule, 9 
gustatory, 983 
of Hensen, 1045 
horizontal, of retina, 1004 
hyaline, 28 

intersiiriai, of ovary, 1227 
of testis, 1214 

intermediate, of testis, 121.4 
of KupfYer. 1188 
j lamellar, 9 
| leucocytes, 27 
| of liver, 1187 
| luteal, 1229 
i lymphocytes, 28 
| macrocytes, 28 
| marrow. 18 
| of Martiuott i, 869 
megakaryocytes, 1 9 
mesam o e bo id , 1 09 
microcytes, 20 
mitral, 872 
myelocytes, 19 
myeloplaxes, 19 
nerve, 34 
neuro blasts, 85 
neutrophil, 28 
normoblasts, 19 
olfactory, 101, 9S9 
oxyntic or parietal, 1052 
oxyphil, 28 

pigment, 9 
pigmented, 13 
I pineal, 836 
plasma, 9 

polymorphonuclear, 28 
prickle, 7, 1053 
of Purkinje, 821 
of Sertoli, 1214 
somatic, 40 

of spinal ganglia, 783, 926 
I splenic, 1254 
spongioblasts, 85 

I stellate, of Kupifer, 1188 

| supporting of Hensen, 1045 
of Sertoli, 1214 
sympathocromaffin, 100 
tendon, 11 
wandering, 9 
Cellular cartilage, 14 
Cellulitis, pelvic, 1237 
Cement of teeth, 1106 
formation of, 1109 
Central artery of retina, 626 
canal of medulla spinalis, 
789 

or chief cells of fundus 
glands, 1152 

grey stratum of cerebral 
aqueduct, 831 
gyrus, anterior, 847 
posterior, 848 
nervous system, 779 
sulcus of brain, 845, 1263 
tendinous point of perineum, 
487 

tendon of diaphragm, 466 
Centres, higher or cortical 
visual, 841, 889 
lower visual, 836, 841, 889 
of ossification, 23, 24 
Centrifugal nerves, 781 
Centriole, 2 

Centrioles of spermatozoon, 44 
} Centripetal nerves, 781 
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3entro-acinar cells, 1180 
Oentrosome, 2 
Centrum ovale majus, 852 
minus, 852 

Cephalic flexure, ventral, 90 
fold, 55 
index, 270 

portion of sympathetic sys- 
tem, 973 
vein, 725 

accessory, 726 

Cerebellar artery, anterior in- 
ferior, 638 

posterior inferior, 637 
superior, 638 
notches, 814 
peduncles, 818, 819 
systems of fibres, 876 
afferent tracts, 876 
efferent tracts, 876 
tract, direct, 795, 806 
veins, 717 

Cerebello -olivary fasciculus, 807 
Cerebellum, 814 v 

applied anatomy of, 822 
arteries of, 637, 638 
brachia conjunctiva of, 818 
pontis of, 818 
development of, 92 
fibrse proprise of, 819 
fissures of — 

development of, 92 
floceular, 92 
horizontal, 815 
postcentral, 815 
postnodular, 92, 816 
postpyramidal, 816 
precentral, 815 
preclivial, 815 
prepyramidal, 816 
grey substance of, 819 
hemispheres of, 814 
lobes of, 814 
peduncles of, 818, 819 
projection fibres of, 818 
restiform bodies, 819 
structure of, 817 
inferior surface of, 816 
superior surface of, 815 
vermis of, 814 
white substance of, 817 
Cerebral aqueduct, 831 

central grey stratum of, 
831 

arachnoid, 881 
arteries, anterior, 629 
middle, 629 
posterior, 638 

cortex, cell-laminae of, 868, 
869 

fibre-laminae of, 868, 869 
nerve-cells of, 868, 869 
nerve-fibres of, 868, 869 
special types of, 869 
structure of, 867 
dura mater, 878 
processes of, 878 
venous sinuses of, 717 
fissures and sulci — 
calcarine, 845 
callosal, 850 
•central, 845 
cingulate, 846 
circular, 846, 849 
collateral, 845 
development of, 99 
fimbriodentate, 852, 863 
frontal, 846 
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Cerebral fissures and sulci 
(cont.) 

hippocampal, 851 
incisura temporalis, 850 
of insula, 850 
interlobar, 844 
intermedius primus, 848 
intraparietal of Turner, 
847 

lateral, 845 

limiting, of insulae, 846 
longitudinal, 843 
medial frontal of Eber- 
staller, 847 
occipital, lateral, 848 
transverse, 848 
olfactory, 847 
paramedial, 847 
parieto -occipital, 845 
parolfactory, anterior, 852 
postcentral, 847 
precentral, 846 
rhinal, external, 95 
of Rolando, 845 
subparietal, 846 
of Sylvius, 845 
temporal, 849 
haemorrhage, artery of, 630 
hemispheres, 843 

association fibres of, 866 
borders of, S44 
commissural fibres of, 866 
development of, 95 
fissures of, 844 
grey substance of, 867 
gyri or convolutions of, 
844 

interior of, 852 
lobes of, 846 
poles of, 844 
projection fibres of, 866 
structure of, 866 
sulci of, 844 
surfaces of, 844 
transverse fibres of, 866 
white substance of, 866 
nerves, 885 

development of, 100 
abducent, 906 
accessory, 922 
acoustic, 913 
facial, 907 

glossopharyngeal, 915 
hypoglossal, 923 
oculomotor, 889 
olfactory, 885 
optic, 887 
terminal, 885* 
trigeminal, 893 

mandibular division, 900 
maxillary division, 895 
ophthalmic division, 885 
trochlear, 891 
vagus, 917 
peduncles, 825 
structure of, 826 
pia mater, 884 
veins, external, 716 
. internal, 717 
ventricle, of fornix (Verga), 
862 

fourth, 822 
lateral, 854 
of mid-brain, 831 
third, 841 
vesicles, 53, 90 
parts derived from, 100 
Cerebro-olivary * fasciculus, 807 


Cerebrospinal axis, v /y 
fasciculus, anterior, r 793 
lateral, £94 

fibres of internal capsule, 860 
uncrossed lateral, 794 
fluid, 883 

applied anatomy of, 883 
nerves, structure of, 780 
nervous system, 779 
Ceruminous glands, 1026 
Cervical artery, ascending, 641 
superficial, 642 
transverse, 642 
branch of facial nerve, 912 
curve of vertebral column, 
182 

enlargement of medulla 
spiurtUs, 786 
fnseiii, 117 

applied anatomy of, .449 
flexure of embryonic brain, 
90 

ganglion, inferior, 975 
middle, 975 
superior, 974 

lymph-glands, anterior, 753 
deep, 754 
superficial, 753 
applied anatomy of, 757 
muscles, superficial and 
lateral, 449 

nerve, cutaneous' or trans- 
verse, 933 

nerves, anterior divisions of, 
931 

posterior divisions of, 928 
plexus, 931 

applied anatomy of, 934, 
935 

deep branches of, 944 
superficial branches of, 
932 

posterior, 929 

portion of sympathetic sys- 
tem, 974 
irritation of, 982 
paralysis of, 982 
ribs, 169, 195 

applied anatomy of, 195 
vein, deep, 715 
vertebrae, 165 
Cervicalis ascendens, 458 
profunda artery, 642 
Cervix of uterus, 1233 
canal of, 1233 

supravaginal portion of, 1233 
vaginal portion of, 1233 
Chalice or goblet cells, 5 
Chalones, 1243* 

Chambers of the eye, 1000 
Changes in vascular system at 
birth, 594 

Chassaignac’s tubercle, 1 67 
Check ligaments, 367 
of eye, 1013 
Cheeks, 1094 

Chemical composition of bone, 
21 

of teeth, 1105, 1106, 

Chest or thorax, 193 
Chiasma, optic, 840, 888 
Chief or central cells of fundus 
glands, 1152 

motor tracts, principal, 873 
secondary, 874 
nerve -tracts, 873 
sensory tracts, 874 
muscle-sense, 874 
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Chief sensory tracts ( cont .) 
pain,and temperature 
senses, 875 
tactile sense, 874 
Choanse, 249, 986 

permanent, 80 
primitive, 79 
Choked -disc, 889 
Cholecystotomy, 1191 
Chondrification of the skull, 72 
Chondrin, 17 
Chondriosomes, 2 
Chondrocranium, 72 
Chondroglossus, 1116 
Chondromucoid, 17 
Chorda tympani nerve, 911, 
1034 

Chordae tendineae of left ven- 
tricle, 586 

of right ventricle, 584 
Willi-ii. 717 

Chorda! iffjn of base of skull, 
72 

Chorioid coat of eyeball, 997 
applied anatomy of, 1009 
structure of, 997 
plexuses of fourth ventricle, 
823 

of lateral ventricle, 864 
of third ventricle, 841 
vein, 717 

Chorioidal ,art$ry, anterior, 630 
posterior, 638 
fissure of brain, 865 
of optic cup, 102 
Chorion, 64 
frondosum, 64 
lseve, 64 

Chorionic villi, 63, 64 
Chromaffin cells, 1249 
organs, 100, 1249 
Chromatin, 2 
Chromatolysis, 36, 793* 
Chromosomes, 2 
daughter, 3 
number of, 2, 43 
role of, 47 
Chyle, 745 

Chyliferous vessels, 745 
Chylocele, 750 
Chylous ascites, 750 
pleural effusion, 750 
Chyluria, 750 
Cilia or eyelashes, 1016 
Ciliaris muscle, 999 
Ciliary arteries, 627 
body, 998 
bundle, 438 
ganglion, 895 
glands, 1016 
nerves, long, 894 
short, 895 
processes, 998 
Ciliospinal reflex, 877 
Cingulate gyrus, 850 
sulcus, 846 

Cingulum of cerebral hemi- 
sphere, 850, 866 
of tooth, 1102 

Circle, arterial, of Willis, 630 
Circular folds of small in- 
testine, 1158 , 

sinus, 722 
sulcus, 846, 849 
Circulating fluids, 26 
blood, 26 

lymph, 29 # j 

Circulation of blood in adult, 569 


Circulation of blood (cont,) 
in foetus, 592 
placental, 66 
pulmonary, 569 
systemic, 569 
vitelline, 56 

Circulus arteriosus major, 627, 
1001 

minor, 627, 1002 
venosus of mammary papilla, 

Circumduction, movement of, 
354 

Circumferences of cranium, 270 
of pelvis, 313, 314 
Circumferential fibrocartilage, 
17 

Circumflex arterj^ anterior 
humeral, 647 
posterior, 647 
lateral femoral, 693 
medial, 694 
external, 693 
internal, 694 
scapular, 647 
nerve, 938 

applied anatomy of, 947 
Circumflex iliac arterv, deep, 
687 

superficial, 693 
Cistern, periotic, 107 
Cisterna basalis, 881 
cerebellomedullaris, 881 
chiasmatis, 881 
chyli, 750 

fossae cerebri lateralis, 881 
interpeduncularis, 881 
magna, 881 
pontis, 881 

venae magnae cerebri, 882 
Cistern®, subarachnoid, 881 
Clarke’s column, 791, 795 
Clasmatocytes, 9 
Classification of bones, 163 
of joints, 352 
of skulls, 271 
Claudius, cells of, 1045 
Claustrum, 858 
Clava, 803 
Clavicle, 279 

applied anatomy of, 281, 527 
fracture of, 281, 527 
ossification of, 281 
peculiarities in sexes, 281 
structure of, 281 
surface anatomy of, 1292 
Clavicnla, 279 
Cleft palate, 82, 1095 
Cleft, pudendal, 1238 
Clinging fibres of cerebellum, 
812 i 

Clinoid processes, anterior, 204, 
261 

middle, 201, 261 
posterior, 201, 261 
Clitoris, 1239 
body of, 1239 
crura of, 1239 
dorsal nerve of, 967 
vein of, 739 
frenulum of, 1239 
glans of, 1239 
prepuce of, 1239 
Clivus monticuli of cerebellum, 
815 

Cloaca, ectodermal, 142 
entodennal, 142 
pelvic portion of, 157 


t Cloaca, phallic portion of. 157 
vesio* .-urethral p.-rib n of. 157 
' Cloaca?, 25 

Cloacal membrane, 50, 142 
duct, 142 
tubercle, 158 

Cloquet, lymph -srland of, 702 
Closing membrane.-, 70 
Club-foot, or talipes, 349, 558 
Coarctation of aorta, 001 
J Coccygeal arteries, 682 
I body, 1252 

structure of, 1252 
! cornua, 179 
ganglion, 978 

nerve, anterior division of, 
958 

posterior division of, 930 
plexus, 967 
vertebra, .179 
Coccygeus, 485 
Coceygodynia, 317 
Coccyx, 179 
cornua of, 179 
displacement of, 317 
ossification of, 182 
Cochlea, 1037 
aqueduct of, 212, 1038 
cupula of, 1037 
hamulus lamina? spiralis of, 
1038 

helicotrema of, 1037 
modiolus of, 1037 
osseous spiral lamina of, 1038 
scalse of, 1037 

secondary spiral lamina of, 
1038 

spiral canal of, 1037 
vessels of, 1048 
Cochlear nerve, 913, 1047 
spiral ganglion of, 1047 
nuclei, 813, 913 

Cochleariform process, 21 2, 1030 
Cceliac artery, 666 
axis, 666 

branches of vagus nerve, 921 
ganglia, 979 
plexus, 979 
Coelom, 49, 52, 146 
Cog-tooth or spur of malleus, 
1032 

Cohnheim, areas of, 30 
Colic artery, left, 672 
middle, 672 
right, 672 

Colic arteries of ileocolic, 672 
flexure, left, 1162, 1166 
right, 1162, 1166 
impression, 1185 
valve* 1164 
frenula of, 1164 
Collagen, 11 
Collar, renal, 127 
Collar-bone, 279 
Collateral circulation, 595 
after ligature of : — 
abdominal aorta, 666 
axillary artery, 646 
brachial artery, 651 
carotid artery, common, 
609 

external, 609 
i femoral artery, 692 

iliac artery, common, 678 
external, 686 
internal or hypogastric, 
678 

innominate artery, 604 
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Collateral circulation {coni) 
after ligature of : — 
subclavian artery, 035 
eminence, 857 
fissure, 845 

Collaterals of nerve-fibres, 37 
Collecting tubules of kidney, 
1197 

Colles, fascia of, 470, 487 
Colles’ fracture, 295 
Colliculi, inferior, 829 
superior, 829 

Colliculus of arytsenoid car- 
tilage, 1062 
facialis, 814, 824 
seminalis, 1209 
Collum scapulae, 278 
Coloboma, congenital, 102, 1009 
Colon, 1165 

applied anatomy of, 1175 
ascending, 1165 
descending, 1167 
iliac, 1167 * . 

left, or splenic, flexure of, 
1162, 1166 

right, or hepatic, flexure of, 
1162, 1166 

lymphatic vessels of, 770 
sigmoid or pelvic, 1168 
structure of, 1170 
surface markings of, 1286 
transverse, 1166 
vessels and nerves of, 1171 
Colostomy, 1175 
Colostrum corpuscles, 1242 
Coloured or red corpuscles, 26 
Colourless corpuscles, 27 
Columella, of nose, 79 
Column, anterior grey, of 
medulla spinalis, 788 
lateral, 788 
posterior, 788 
basal, 791 
of Clarke, 791, 795 
vertebral, 164, 182 
cartilaginous, 69 
development of, 68 
membranous, 68 
Columna nasi, 984 
vertebralis, 164 
Columns, of fornix, 862 
muscle, 30 

rectal, of Morgagni, 1170 
renal (Bertini), 1196 
of vagina, 1238 
Comes nervi phrenici, 640 
Comitans nervi ischiadici, 682 
nervi phrenici, 640 
Comma-shaped fasciculus, 796 
Commissural fibres of. cerebral 
hemispheres, 866 
of cerebellum, 819 
crossed, of medulla spinalis, 
790 

Commissure, anterior, of brain, 
98, 863 

middle or grey, 833 
posterior, 94, 837 
nucleus of, 837 
habenular, 836 
hippocampal, 862 
of Gudden, 841, 888 
labial, 1094 

Commissure of medulla spinalis, 
grey, anterior, 789 
posterior, 789 
white, anterior, 787 
optic, 840, 888 


Commissures of brain, de- 
velopment of, 98 
of labia majora, 1239 
palpebral, 1015 
Common bile-duct, 1189 
carotid artery, 605 

applied anatomy of, 607 
peculiarities of, 606 
dental germ, 1106 
facial vein, 710 
iliac arteries, 676 
lymph-glands, 763 
veins, 739 
integument, 1051 
interosseous artery, 658 
mesentery, posterior, 138 
peronseal nerve, 965 
vitello -umbilical vein, 112 
Communicans fibularis nerve, 
965 

tibialis nerve, 963 
Communieantes cervieales 
nerves, 934 

Communicating artery, an- 
terior, 629 
posterior, 630 
from dorsalis pedis, 703 
of peronseal, 705 
of posterior tibial, 705 
Compact substance of bone, 17 
Comparison of bones of hand 
and foot, 348 

Compensatory curves of verte- 
bral column, 182 
Complexus, 460 
Compound palmar ganglion, 
523 " " 

Compressor naris, 440 
Concentric corpuscles of Has- 
sall, 1249 

Concha of auricula, 1022 
cavum conchse, 1022 
cymba conchse, 1022 
inferior nasal, 224 
ossification of, 225 ! 

middle nasal, 222 
superior nasal, 223 
Conchse nasales inferiores, 224 
sphenoidal, 205 
Condyle of mandible, 243 
Condyles of femur, 323 
occipital, 199, 251 
of tibia, 327 

Condyloid articulation, 354 
canal, 199, 264 
foramen, anterior, 199 
fossa, 199, 251 
process of mandible, 243 
vein, 724 

Cone of origin of axon, 36 
Cone-bipolars of retina, 1003 
Cone-granules of retina, 1003 
Cones of retina, 1005 
Confluence of the sinuses, 197, 
720 

Congenital atresia of pupil, 104 
colobom% 102 
fissures in cranium, 229 
hernia, 1173 
complete, 1173 
incomplete, 1174 
hydrocele, 1216 
hypertrophic stenosis of py- 
lorus, 1153 
Coni vasculosi, 1214 
Conical stump, 26 
Conjoined tendon of obliquus 
intemus and transversus, 476 


Conjugate Tliameter of pelvis, 
313 

Conjunctiva^ 1018 
applied anatomy of, 1021 
fornix of, 10,18 

Connecting fibro cartilages, 16 
Connective tissue, extraperi- 
toneal, 481 

Connective tissues, proper, 7 
adipose, 9 
areolar, 7 

development of, 14 
lymphatics of, 13 
lymphoid, 12 # 

mucoid, 12 
nerves of, 13 
retiform or reticular, 12 
vessels of, 12 
white fibrous, 10 
yellow elastic, 11 
Conoid ligament, 377 
tubercle, 280 

Constriction, duodenopyloric, 
1147 

Constrictor pharyngis inferior, 
1125 

medius, 1126 
superior, 1126 
urethras, 490 

Contraction of hamstring ten- 
dons, 548 

Contour lines of jOwen, 1105 
Conus arteriosus, 583 
tendon of, 583 
elasticus of larynx, 1065 
medullaris, 784 

Convoluted tubules of kidney, 
1197 

Convolutions of brain. ( See 
Gyrus) 

Cooper, fascia propria of, 1175 
ligament of, 473 
ligamenta suspensoria of, 
496, 1241 
Copula, 134 
Cor, 577 

Coraco -acromial ligament, 377 
Coracobrachialis, 503 
Coracoclavicular fascia, 498 
ligament, 376 

Coracohumeral ligament, 379 
Coracoid process, 278 
tuberosity, 280 
Cord, genital, 151 
nephrogenic, 52 
oblique, 387 
spermatic, 1218 
spinal, 784 
umbilical, 61 

Cords, of brachial plexus, 935 
genital, 153 
vocal, false, 1066 
. true, 1067 

Corium or cutis vera, 1053 
Corium, papillary layer of,'- 1054 
reticular layer of, 1054 
Cornea, 995 

applied anatomy of, 1008 
nerves of, 997 
structure of, 996 
Corneal corpuscles, 996 
epithelium, 996 
spaces, 996 

Comiculate cartilages, 1062 
Cornua, coccygeal, 179 
of fossa ovalis, 534 
grey, of medulla spinalis, 788 
of hyoid bone, 246 
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Cornua of lateral ventricles, 
856* 857 . 

sacral, 175 3 

of thyreoid cartilage, 1061 
Comucommissu^al fasciculus, 
796 

Corona glandis, 1222 
radiata, of brain, 860 
of ovum, 42 

Coronal suture, 247, 251, 260 
Coronary arteries, of heart, 598, 
599 

applied anatomy of, 600 
peculiarities of, 600 
of face, 614 
artery of stomach, 667 
ligament of liver, 1134, 1185 
ligaments of knee, 415 
plexuses, 979 
sinus, 708 

opening of, 582 
valve of, 582, 708 
sulcus of heart, 578 
vein of stomach, 744 
Coronoid fossa, 285 
process of mandible, 242 
of ulna, 292 

Corpora cavernosa clitoridis, 
1239 

penis, 1220 
artery of, 681 
bulbs pf, 1220 
crura of, 1220 
mamillarm, 838 
quadrigemina, 829 
brachia of, 829 
structure of, 830 
Corpus Arantii, 58 5, 587 
callosum, 853 

development of, 98 
genu of, 853 
peduncle of, 852 
rostrum of, 853 
splenium of, 853 
cavemosum urethrae, 1221 
clitoridis, 1239 
Highmori, 1213 
luteum, 1229 
spongiosum, 1221 
striatum, 96, 857 
subthalamicum, 838 
Corpuscles, colostrum, 1242 
coloured, 26 
colourless, 27 

concentric, of Hassall, 1249 
corneal, 996 
eosinophil, 28 
erythrocytes, 36 
genital, 1048 

of Golgi and Mazzoni, 1050 
of Grandry, 1049 
of Hassall, 1249 
of Herbst, 1050 
hyaline, 28 
lymphocyte, 28 
oxyphil or neutrophil, 28 
Pacinian, 1049 
polymorphonuclear, 28 
red, 26 

of Ruffini, 1050 
of Wagner and Meissner, 
1050 

Corrugator, 439 
cutis ani, 486 
Cortex of cerebellum, 820 
of cerebrum, 867 
of hair, 1057 

of suprarenal gland, 1251 


Corti, ganglion of, 1047 | 

pillars or rods of, 1044 
spiral organ of, 1044 j 

tunnel of, 1044 

Cortical arches of kidney, 1196 j 
arterial system of brain, 631 
substance of kidney, 1196 
of lens, 1007 
visual centre, 871, 889 
Corticostriate fibres, 858 
Corticothalamic fibres, 834 
Costae spurise, 188 
verse, 188 

Costal cartilages, 192 1 

arches, primitive, 70 j 

cartilage, 15 j 

groove, 190 j 

pleura, 1077 

process of a cervical ver- 
tebra, 167 
tuberosity, 281 

Costocentral articulations, 367 
Costocervical artery, 642 
Costochondral articulations, 

372 

Costoclavicular ligament, 375 
Costocoracoid ligament, 498 
membrane, 498 
Costomediastinal sinus, 1079 
Costotransverse articulations, 
369 

ligaments, 369 
Costovertebral articulations, 

367 

movements at, 368 
Costoxiphoid ligaments, 372 
Cotyledons of placenta, 66, 67 
Cotyloid ligament, 406 
Covering bones, 76 
Coverings of direct inguinal 
hernia, 1174 
of femoral hernia, 1174 
of oblique inguinal hernia, 
1173 

of ovum, 41 

Cowper’s glands, 158, 1226 
Coxal articulation, 403 
Cranial bones, 196 

applied anatomy of, 229 j 
fossa, anterior, 260 
middle, 260 
posterior, 261 
Graniology, 269 
C-raniopharyngeal canal, 136, 
206 

Craniotabes, 229 
Craniovertebral articulations, 
366 

Cranium, 195 
bones of, 195 
congenital fissures in, 229 
development of, 71 
Cremaster, 475 

Cremasteric artery, 686, 1219 
fascia, 475, 1218 
Crescents of Gianuzzi, 1100 
Crest or Crests—; b 
anterior of tibia, 328 
frontal, 218, 260 
of greater and lesser tuber- 
cles of humerus, 283 
of ilium, 309 
incisor, 235 

infratemporal, 203, 253 
inguinal, 154 
internal occipital, 197 
intertrochanteric, 320 
: lacrimal, anterior, 232, 258 


Crest or crests icont.) 
lacrimal, posterior, 225, 258 
lateral sacral, 175 
median sacral, 175 
nasal, 234 
neural, 52, 88 
obturator, 311 
occipital, internal, 197, 264 
pubic, 311 
sacral articular, 175 
sphenoidal, 201 
of spine of scapula, 275 
supramastoid, 2u0 
tympanic, 213* 
urethral in female, 1211 
in male, 1209 
Cricket -thigh, 537 
Cricoarytenoid ligament, pos- 
terior, 1063 

Cricoarytrenoideus lateralis, 

1069 

posterior, 1069 
Cricoid cartilage, 1061 
Cricothyreoid artery, 610 
I igamen t, midd le, 1 065 
membrane, 1065 
Cricothyreoideus, 1069 
Oricotracheal ligament, 1064 
Crista ampullaris, 1040 
arcuata of aryt-senoid carti- 
lage, 1062 
basilaris, 1042 
capituli, 189 
colli costas, 1 90 
conehalis, 231, 237 
ethmoidalis, 233, 237 
galli, 220, 260 
quarta, 1041 

terminalis of risrht atrium, 
113, 581 
transversa, 210 
vestibuli, 1036 

Crossed cominissural fibres, 790 
pyramidal tract, 794 
Crosses of Ranvier, 38 ^ 

Cruciate anastomosis, 694 
| Cruciate crural ligament, 559 
i eminence of occipital bone, 
196 

ligaments of knee, 414 
Crura cerebri, 825 
of diaphragm, 465 
of fornix, 863 

of greater alar cartilage, 985 
of incus, 1032 
of penis, 1220 
of stapes, 1032 
of subcutaneous inguinal 
ring, 472 . 

Crural branch of genitocrural 
nerve, 953 

interosseous membrane, 420 
Crural ligament, cruciate, 559 
transverse, 558 
muscles, anterior, 549 
lateral, 556 
posterior, 551 
nerve, anterior, 956 
septum, 689 
Crureus, 537 
Crus commune, 1037 
helicis, 1022 

Orusta or pes of cerebral ped- 
uncle, 827 

petrosa or cement of teeth, 
1106 

formation of, 1109 
Crutch-paralysis, 947 
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Cruveilhier, glenoid ligaments 
of, 396, 430 

posterior cervical plexuses 
of, 929 

Cryptorchismus, 156 
Crypts of Lieberkiihn, 1600 
Crystalline lens, 998 (see also 
under Lens) 

Cubital articulation, 383 
fossa, 649 
vein, median, 725 
applied anatomy of, 727 
Cuboid bone, 344 
ossification of, 347 
Cuboideonavicular articula- 
tion, 428 

Culmen monticuli ‘of cere- 
bellum, 815 
Cumulus oophori, 1228 
Cuneate nucleus, 803 
tubercle, 803 

Cuneiform bone of carpus, 299 
ossification of, 305 
first, of tarsus, 342 
ossification of, 347 
second, 342 

ossification of, 347 
third, 343 

ossification of, 347 
cartilages, 1062 
Cuneocuboid articulation, 428 
Cuneonavicular articulation, 
427 

Cuneus, 848 
Cup, optic, 102, 1003 
Cupula of cochlea, 1037, 1038 
of pleura, 1078 
Curvatures of stomach, 1147 
Curved lines of ilium, 307, 308 
Curves of the vertebral column, 
182 

Cushion or torus of auditory 
tube, 1031, 1123 
or tubercle of epiglottis, 
1063 

Cushions, endocardial, 115 
Cuspids, 1103 

Cusps of bicuspid valve, 586 
of tricuspid valve, 583 
Cutaneous cervical nerve, 933 
Cutaneous nerves : — 
anterior, of thorax, 949 
dorsal antibrachial, 945 
external, of musculo -spiral, 
945 

of thigh, 955 

intermediate, of thigh, 956 
intermediate dorsal, of foot, 
966 

internal, of forearm, 940 
of musculo -spiral, 945 
lateral antibrachial, 939 
brachial, 938 
dorsal, of foot, 963 
femoral, 955 
of thorax, 949 

lesser internal (Wrisberg), 
940 

medial, antibrachial, 940 
brachial, 940 
dorsal, of foot, 966 
medial, sural, 963 
of thigh, 956 
perforating, 966 
posterior brachial, 945 
femoral, 960 
Cuticle, 1051 
. of hair, 1057 


Cuticula dentis, 1109 
Cutis-plate, 68 
Cutis vera or corium, 1053 
papillary layer of, 1054 
reticular layer of, 1054 
Cuvier, ducts of, 112, 125 
Cycle, cardiac, 591 
Cycloid, 324* 

Cylinders, hepatic, 143 
Cymba concha, 1022 
Cystic artery, 669 
duct, 1189 
lymph-gland, 766 
vein, 744 

| Cystic hygroma, congenital, 

I "748 

Cystotomy, suprapubic, 1208 
Cysts, hydatid, of liver, 1191 
ovarian, 1229 
Cyton, 35 
Cytoplasm, 40 
Cytotrophoblast, 49, 64 

Dacryon, 270 

Dactylitis, tuberculous, 306 
Dangerous area of eye, 1009 
Dartos tunic, 470, 1220 
Darwin, auricular tubercle of, 
1022 

Daughter chromosomes, 3 
Decidua, 63 
basalis, 63 
capsularis, 63 

limiting or boundary layer 
of, 63 

parietalis or vera, 63 
placentalis, 63 
stratum compactum of, 63 
spongiosum of, 63 
Decidual cells, 63 
Deciduous teeth, 1104, 1110 
development of, 1106 
Decussation of lemniscus, 805 
of Meynert, 831 
partial, of optic nerves, 888 
pyramidal, 800, 874 
sensory, 805 
Deformities of skull, 273 
Degeneration, Wallerian, 39, 
- 793 

ascending, 793 
descending, 793 
Deglutition, mechanism of, 
1122 

Deiters, cells of, 1045 
nucleus of, 814, 914 
Deltoid ligament, 422 
tubercle, 280 
tuberosity, 284 

Deltoideopectoral triangle, 497 
lymph-glands, 759 
Deitoideus, 500 
applied anatomy of, 501 
Demilunes of Heidenhain, 1100 
Dendrons of nerve-cells, 35 
Dens of epistropheus, 168 
Dens serotinus, 1104 
Dental artery, inferior, 619 
posterior, 619 
canaliculi, 1104 
formulas, 1103 
furrow, 1106 
germ, common, 1106 
special, 1107 
index, 271 
lamina, 1106 

Dental nerve, inferior, 902 
pulp, 1104 


Dental sac, 1108 
Dentate gyrus, 852, 8%2 
nucleus of ^cerebellum, 821 
Dentes, 1101 
Dentinal canaliculi, 1104 
fibres, 1105 
matrix, 1105 

sheath of Neumann, 1105 
Dentine, 1104 

chemical composition of, 1105 
formation of, 1109 
secondary or adventitious, 
1106 

Dentogingival lamhia, 1106 
Depression for semilunar gang- 
lion, 261 

Depressions for arachnoidea! 

granulations, 216, 260 
Depressor anguli oris, 441 
septi, 440 
Dermal bones, 76 
Dermic coat of hair-follicle, 
1056 

Descendens cervicalis nerve, 
934 

Descending aorta, 661 
colon, 1167 

comma-shaped fasciculus, 
796 

degeneration, 793 
process of lacrimal bone, 225 
ramus of hypoglossal nerve, 
925 

Descent of testis, 154 

applied anatomy of, 156 
of ovaries, 156 
Deuteroplasm, 2, 40 
Development of — 
acoustic meatus, external, 
108 

nerve, 108 
adipose tissue, 10 
allantois, 58 
amnion, 60 

anal canal and rectum, 142 
aortic arches, 121 
aortopulmonary septum, 117 
aqueous chamber, 105 
archenteron, 49 
arteries, 119 
of the limbs, 123 
articulations, 82 
atrial septa, 115 
auditory tube, 107 
auricula or pinna, 108 
blood corpuscles, 109 
blood-vessels, 109 
body-cavities, 146 
body-stalk, 55, 59,* 61 
brain, 90 

branchial or visceral arches, 
76 

caudal fold, 55 
cell-laminse of cerebrum, 99 
cephalic fold, 55 
cerebellum, 92 
cerebral hemispheres, 95 
nerves, 100 
chondrocranium, 72 
chorion, 64 V 

chorionic villi, 63, 64 
chromaffin organs, 100 
cloaca, 142 

coelom, extra-embryonic part 
of, 49, 146 

intra-embryonic part of, 
146 

commissures of brain, 98 
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Development of— ^ 
connective tissues, 14 
corpus callosum, 97 
striatum, 96 * 
crystalline le^is, 104 
cytotropho blast, 49, 64 
decidua, 63 
deciduous teeth, 1106 
diencephalon, 94 
digestive tube, 132 
dorsal aorta, 121 
ears, 106 

external organs of genera- 
tion, 158 
eyelids, 105 
eyes, 101 
face, 78 

fissures or sulci of cere- 
brum, 99 

foetal membranes and pla- 
centa, 58 
fore -brain, 93 
fore -gut, 55 
fornix, 99 
ganglion-ridge, 52 
generative and urinary 
organs, 149 
genital glands, 153 
glands of skin, 84 
hairs, 84 
heart, 110, 113 
Henseri’s knot, 50 
hind-brain, 90 
hind-gut, 55 
hypophysis cerebri, 135 
inferior vena cava, 126 
intermediate cell-mass, 54 
intervillous space, 63 
joints, 82 
kidney, 156 
lacrimal apparatus, 105 
lamina of cerebral cortex, 
867 

larynx, 145 

lateral cerebral fissure, 99 

layer of Langhans, 49 

lens, 104 

limbs, 82 

liver, 143 

lungs, 145 

lymphatic vessels, 131 
magma reticule, 49 
mammary gland, 84 
Meckel’s diverticulum, 57 
medulla oblongata, 91 
spinalis, 85 

membranous labyrinth, 106 
mesencephalon, 93 
mesoderm, 49 
mesonephros or Wolffian 
body, 149 
metanephros, 156 
mid-brain, 93 
milk-ridge, 84 
morula, 49 
mouth, 132 
Mullerian ducts, 151 
muscles, 83 
muscular fibres, 33 
mails, 85 
nasal capsule, 75 
neopallium, 96 
nervous system, 85 
neural crest, 52 
neural groove and tube, 52 
neurenteric canal, 52 
nose, 78 
notochord, 53 


Development of — ; 

olfactory nerves, 101 | 

optic nerve, 103 
ovary, 153 
palate, 79 
palatine tonsils, 134 
pancreas, 144 
parathyreoid bodies, 135 
parietes, 68 
permanent kidney, 156 
teeth, 1102 j 

pharyngeal pouches, 76 
pinna or auricula, 108 
placenta, 64 
pons, 92 

primary rmil -fields, 85 
jjrimitiu* 'iigivrive tube, 55 
aorta, 111 
segments, 49 
streak, 49 

pronephric duct, 149 
pronephros, 149 
prosencephalon, 93 
prostate, 157 

rectum and anal canal, 142 
respiratory organs, 145 
retina, 102 
rhinencephalon, 95 
rhombencephalon or . hind- 
brain, 90 
ribs, 70 

salivary glands, 134 
sebaceous glands, 84 
segmental arteries, dorsal, 
122 

lateral, 123 
ventral, 121 
sense-organs, 85 
sinus venosus, 113 
skeleton, 68 

skin and its appendages, 83 
skull, 71 

spermatozoon, 44 
spinal nerves, 88 
spleen, 145 
sternum, 71 
sudoriferous glands, 84 
sulci and fissures of cere- 
brum, 99 

suprarenal glands, 101 
sweat-glands, 84 
Sylvian fissure, 99 
sympathetic* nervous system, 
100 

syncytiotropho blast, 49, 64 
syncytium, 49 
teeth, 1106 
telencephalon, 94 
testis, 154 
thymus, 135 
thyreoid gland, 134 
tongue, 134 
trophoblast, 49 
tympanic cavity, 107 
ossicles, 108 

ultimobranehial bodies, 135 
umbilical cord, 61 
vesicle, 56 
urethra, 159 
urinary bladder, 157 
urogenital organs, 149 
valves of heart, 118 
vascular system, 109 
veins, 124 

vena cava, inferior, 126 
venous sinuses of dura mater, 
128 

ventral aortse, 120 


Development of— 
ventricular septum, 110 
vertebral column, tis 
visceral or branchial arches, 

76 

vitelline duct, 56 
vitreous body, 105 
vomeronasal organs, 81 
Wolffian duet, 149 
yolk-sac, 56 

Diagonal band of Broca, 852 
Diameters of pelvis, 313, 314 
Diaphragm, 464 
actions of, 467 
applied anatomy of, 468 
arcuate ligaments of, 465 
central tendon of, 466 
crura of, 465 
height of, 467 
lumbocostal arches of, 465 
lymphatic vessels of, 775 
openings in, 466 
relations of, 467 
pelvic, 482 
urogenital, 489 
Diaphragma sell®, 838, 880 
Diaphragmatic lymph-glands , 
775 

part of pelvic fascia, 483 
pleura, 1078 
surface of heart, 580 
Diaphysis, 163 
Diaphysitis, acute, 25 
Diarthroses, 353 
Diencephalon, 94, 831 
Differentiation of cells, 40 
Digastric fossa of mandible, 241 
of temporal bone, 209, 250 
branch of facial nerve, 912 
of mylohyoid nerve, 902 
triangle, 622 
Digastricus, 451 
Digestive apparatus, 1092 
development of, 132, 137 
Ivmphatic vessels of, 769 
tube, 1092 
development of, 132 
Digital arteries, common volar, 
661 

proper volar, 661 
articulations of foot, 430 
applied anatomy of, 431 
of hand, 397 

fossa of epididymis, 1212 
nerves of deep peronseal, 965 
of lateral plantar, 965 
of medial plantar, 964 
of median, 942 
of radial, 946 
of ulnar, 944 

vaginal ligaments, 510, 563 
veins of foot, 733, 736 
of hand, 724, 725, 727, 733 
Dilatator naris anterior, 440 
posterior, 440 
pupilla, 105, 1000 
tuba, 1031 
Diploe, 164, 199 
Diploic veins, 715 
frontal, 715 
occipital, 716 
temporal, anterior, 715 
I posterior, 716 
; Diplopia, 891, 892 
Direct cerebellar tract, 795, 806 
division of cells, 2 
inguinal hernia, 1174 
pyramidal tract, 793 
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Disc, embryonic, 49 
optic, 1002 

Discharge of ovum, 1228 
Dislocation of— - 

acromioclavicular joint, 377 
ankle-joint, 424 
atlas from epistropheus, 367 
coccyx, 317 
elbow- joint, 389 
head of radius, 390 
hip -joint, 409 
congenital, 410 
knee-joint, 419 
long tendon of Biceps brachii, 
505 

mandible, 357 
menisci of knee-joint, 419 
radiocarpal joint, 395 
shoulder- joint, 382 
sternoclavicular joint, 375 
subtalar, 428 
tarsal bones, 428 
wrist-joint, 395 
Dissociation of sensations, 876 
Diverticulum, Meckel’s, 57, 
1156 

Division of cells, 2 
Divisions of bronchi, 1088 
anterior, of spinal nerves, 931 
posterior, of spinal nerves, 
928 

Dobie’s line, 30 
Dogiel, cells of, 926 
Dolichocephalic skulls, 271 
Dorsales linguae arteries, 611 
Dorsalis hallucis artery, 703 
pedis artery, 702 

applied anatomy of, 703 
branches of, 703 
peculiarities of, 703 
surface marking of, 1311 
scapulae artery, 647 
Dorsoepitrocklearis brachii, 495 
Dorsum ilii, 307 
nasi, 984 
of tongue, 1111 
sellae, 201, 260, 262 
, Douglas, pouch of, 1136, 1234 
Droplet, enamel, 1109 
Duct or ducts — 

aberrant of epididymis, 1217 
accessory pancreatic, 144, 
1180 

of Bartholin, 1099 
of Bellini, 1197 
bile, 1189 

of bulbo -urethral glands, 

1226 

cloacal, 142 

common bile-duct, 1189 
of Cuvier, 112, 125 
cystic, 1189 
ejaculatory, 1218 
frontonasal, 220, 266 
of Gartner, 151, 1229 
hepatic, 1188 
lacrimal, 1019 
lactiferous, 1241 
lymphatic, right, 750 
Mullerian, 151 
nasolacrimal or nasal, 1020 
pancreatic, 144, 1178 
para-urethral, 1211 
parotid, 1097 
pronephric, 149 
prostatic, 1209 
of Rivinns, 1099 
of Santorini, 1180 


Duct or ducts — 
semicircular, 1040 
Skene’s, 158, 1211 
Stensen’s, 1097 
sublingual, 1099 
submaxillary, 1099 
thoracic, 748 
thyreoglossal, 134 
vitelline, 56, 57, 137 
Wharton’s, 1099 
of Wirsung, 1179 
Wolffian, 149 

Ductless glands, 1243 
chromaffin organs, 1249 
aortic bodies, 1249 
glomera carotica, 1249 
paraganglia, 1249 
glomus coccygeum, 1252 
parathyreoids, 1247 
spleen or lien, 1252 
suprarenals, 1250 
thymus, 1247 
thyreoid, 1243 

Ductuli aberrantes of testis, 
1217 

efferentes of testis, 1214 
transversi of epoophoron, 
1229 

Ductus arteriosus, 592, 594 
choledochus, 1189 
cochlearis, 1041 
deferens, 1216 
ampulla of, 1216 
artery of, 679 
lymphatics of, 773 
structure of, 1217 
endolymphaticus, 1036, 1040 
longitudinalisepoophori, 1229 
paraurethralis, 1211 
Santorini, 1180 
utriculosaccularis, 1039 

[ venosus, 125, 594 

development of, 125 
fossa for, 1183 
Wirsungi, 1179 

Duodenal fossa, inferior, 1145 
superior, 1145 
flexure, inferior, 1154 
superior, 1154 
fold, inferior, 1145 
superior, 1145 
glands, 1160 
impression, 1185 
papilla, 1155 

Duodenojejunal flexure, 1154, 
1155 

fossae, 1145 

Duodenopyloric constriction, 
1147 

Duodenum, 1154 

ascending portion, 1155 
descending portion, 1154 
horizontal portion, 1155 
superior portion, 1154 
lymphatic vessels of, 769 
suspensory muscle of, 1156 
vessels and nerves of, 1156 

Dupuytren’s contraction, 523 

Dura mater, 877 
cerebral, 878 
arteries of, 880 
diaphragma sellae, 880 
falx cerebelli, 880 
falx cerebri, 879 
nerves of, 880 
processes of, 878 
structure of, 880 
tentorium cerebelli, 879 


Dura mater \cont . ) 
cerebral, veins of, 8$0 
venous sjnuses of, 717 
spinal, 880 

Ear, 1022 

cartilaginous ear capsules, 73 
development of, 106 
surface anatomy of, 1270 
external ear, 1022 

applied anatomy of, 1026 
auricula or pinna, 1022 
external acoustic meatus, 
1024 

internal ear or labyrinth, 
1035 

applied anatomy of, 1048 
membranous labyrinth, 
1039 

basilar membrane, 1043 
ductus cochlearis or 
scala media, 1041 
reticular lamina, 1045 
saccule, 1040 
semicircular ducts, 1040 
spiral organ of Corti, 
1044 

tectorial membrane, 
1046 

utricle, 1039 
vestibular membrane, 
1041 . . 

osseous labyrinth, 1036 
cochlea, 1037 
semicircular canals, 1037 
vestibule, 1036 
middle ear or tympanic 
cavity, 1027 

applied anatomy of, 1034 
attic or epitympanic recess 
of, 1027 

auditory ossicles, 1031 
auditory (Eustachian) tube, 
1030 

mucous membrane of, 1034 
vessels and nerves of, 1034 
walls of, 1027 to 1031 
Ear- capsules, chondrification 
of, 73 

Eberstaller, medial frontal sul- 
cus of, 847 
Ectoderm, 50 
amniotic, 60, 

Ectodermal cloaca, 142 
Ectopic gestation, 1231 
Ectropion,^ 1021 
Efferent lymphatic vessels, 747 
nerves, 78 i 
Ejaculator urinae, 489 
Ejaculatory ducts, 1218 
Elastic fibrocartilage, 17 
laminae of cornea, 996 
membrane of larynx, 1064 
tissue, yellow, 11 
Elastin, 12 
Elbow- joint, 383 

anastomoses around, 652 
applied anatomy of, 389 
movements of, 388 
surface anatomy of, 1294, 
1296 

marking of, 1298 
vessels and nerves of, 385 
Eleidin, 6, 1053 
Elephantiasis, 748 
Eleventh thoracic vertebra, 
,172 
rib, 192 
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Embolism, of pulmonary 
artery, 597 «» 

Embryo, formation of, 54 
form of, at different stages, 
159 , 

Embryology, 40 

Embryonic disc, 49 
ectoderm, 49 

Eminence, canine, 229, 256 
collateral, 857 

cruciate, of occipital bone, 
196 

frontal, 217, 247 
hypotheliar, 518 
iliopectineal, 309, 310, 311 
mtercondyloid, of tibia, 327 
medial, of rhomboid fossa, 
824 

Mullerian, 151 
parietal, 215, 247 
pyramidal of tympanic 
cavity, 1030 
thenar, 518 

Eminences and depressions of 
bones, 164 

Eminentia arcuata, 210 
articularis, 207 
saccularis, 838 
Emissary veins, 724 

applied anatomy of, 724 
Emphysema, pulmonary, 195 
surgical, 1091 
Empyema, 1080 
Enamel, 1106 
bands, 1108 
cells, 1107 
droplet, 1109 
-epithelium, 1107 
fibres or prisms, 1106 
■formation of, 1108 
niche, 1108 
•organ, 1108 
of teeth, 1106 
pulp, 1108 
Enarthrosis, 354 
Encephalocele, 271 
Encephalon, 799 
Encysted calculi, 1208 

hydrocele of the cord, 1216 
of the epididymis, 1216 
End-arteries, 595 
End-bulbs of Krause, 1048 
articular; 1048 . 

End-organs, special, of nerves, 
1048 

End-plate, motor, 782 
Endocardial cushions, 115 
Endocardium, 587 
Endocrine organs, 1243* 
Endolymph, 1039 
Endometrium, 1236 
Endomysium, 29 
Endoneurium, 780 
Endoskeleton, 163 
Endosmosis, 27 
Endothelium, 4 

of anterior chamber of eye, 

997 , , , * * 
Engelmann, basal knobs ot, o 

Ehlargements of medulla spin- 
alis, 786, 787 
Enophthalmos, 982^ 
Entamoeba histolytica, 745 
Enterectomy, 1172 
Enteroptosis, 1175 
Entoderm, 51 
Entodermal cloaca, 142 
Entrance to the antrum, 1030 


Entrance to the larynx, 1066 
Entropion, 1021 
Enucleation of tonsils, 1120 
Eosinophil corpuscles, 28 
Eparterial branch of right 
bronchus, 1074, 1088 
Ependyma, 856 
Ependymal layer, 85 
Epicardium, 576, 587 
Epicondyles of femur, 323 
of humerus, 285 
Epicranial aponeurosis, 437 
Epicranius, 436 
Epidermic coat of hair-follicle, 
1056 

Epidermis, development of, 83 
structure of, 1051 
Epididymis, 1212 
aberrant ducts of, 1217 
appendix of, 1212 
body of, 1212 
digital fossa of, 1212 
globus major, 1212 
minor, 1212 
head of, 1212 
ligaments of, 1213 
lobules of, 1214 
sinus of, 1212 
tail of, 1212 
Epidural space, 880 
Epigastric artery, inferior or 
deep, 686 

applied anatomy of, 687 
peculiarities of, 687 
surface marking of, 1288 
superficial, 693 
superior, 640 
fold, 1173 

lymph-glands, inferior, 764 
region of abdomen, 1133 
vein, inferior, 737 
superficial, 734 
Epiglottis, cartilage of, 1062 
tubercle or cushion of, 1063 
Epihyal hone, 452 
Epimysium, 29 
Epineurium, 780 
Epiotic centre of temporal 
bone, 213 
Epiphyses, 163 
atavistic, 25 
pressure, 25 
traction, 25 

Epiphysial cartilage, 23 
Epiploic foramen, 139, 1139 
Episcleral space, 1013 
Epispadias, 1207, 1211 
Epistemal bone, 187 
centres, 187 

Epistropheus or axis, 168 
ossification of, 180 
Epithalamus, 94, 836 
fasciculus retroflexus of 
Meynert, 836 
ganglion habenula}, 836 
habenular commissure, 836 
pineal body, 836 

applied anatomy of, 837 
structure of, 836 
posterior commissure, 837 
nucleus of, 837 
trigonum habenulae, 836 
Epithelial cells, 4 
sheath, 1109 
Epithelium, 4 
ciliated, 5 
columnar, 4 
corneal, 996 


Epithelium {emit.) 
cylindrical, 4 
enamel, 1107 
genital, 153 
pavement, 4 
pigment oil, 13 
simple squamous, 4 
stratified, 6 
transitional, 7, 1207 
Epitrichium, 83 
Epitympanic recess, 209, 1027 
Eponyehium, 85, 1055 
Epooplioron, 151, 1229 
Epulis, 1095 

Equator of achromatic spindle, 

2 

of lens, 1007 
Equatorial plate, 2 
Erb’s paralysis, 946 
Erector ciitorklis, 492 
penis, 489 

spin?e or saerospinalis, 457 
Eruption of the teeth, 1110 
Erythroblasis. 19 
Erythrocytes, 26 
Ethmoidal air-sinuses, 221, 
991 

arteries, 627 
bone, 220 

alar processes of, 221 
conchfe of, 222, 223 
crista galli of, 221 
labyrinth or lateral mass 
of, 221 

lamina cribrosa of, 221 
lamina papyraeea of, 222 
lamina perpendicularis of, 
221 

os planum of, 222 
ossification of, 224 
uncinate process of, 222, 
266 

canals, 219, 221 
foramina, 258, 260 
nerve, anterior, 894 
posterior, 895 
notch, 219 

process of inferior nasal 
concha, 225 
spine, 210 
sulcus, 226 

Eustachian tube, 1030 
valve, 5S2, 740 

Excavation, of optic nerve, 
1003 

recto-uterine, 1136, 1234 
rectovesical, 1136 
vesico-nterine, 1232 
Excision of elbow, 390 
hip, 410 
knee, 419 
maxilla, 273 
shoulder, 383 

Excretory, apparatus of the 
liver, 1188 

Exner, plexus of, 868 
Exophthalmos, 101 5 
Exoskeleton, 163 
Exosmosis, 27 

Extensor carpi radialis brevis, 
514 

longus, 513 
ulnaris, 514 
coccygis, 461 

digit! quint! proprius, 514 
digitorum brevis, 560 
communis, 514 
longus, 550 
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Extensor hallucis brevis, 560 
longus, 550 
indieis proprius, 518 
ossis metacarpi pollicis, 516 
pollicis brevis, 517 
longus, 517 

Extensor tendons of thumb, 
applied anatomy of, 518 
Exterior of skull, 247 
External capsule of brain, 860 
Exteroceptive sensory impulses, 
874 

Extraperitoneal connective 
tissue, 481 
Extremities, 274 
bones of the inferior, 306 
of the superior, 274 
Extrinsic muscles of tongue, 
1115 

Extroversion of bladder, 317, 
1207 

Eyeball, or bulb of the eye, 993 
accessory organs of, 1010 
applied anatomy of, 1008, 
1015 

aqueous humour, 1006 
capsule of Tenon, 1013 
chambers of, 1000 
chorioid, 997 
ciliaris muscle, 999 
ciliary body, 998 
processes, 998 
conjunctiva, 1018 
cornea, 995 
crystalline lens, 1006 
development of, 101 
fascia bulbi, 1013 
fibrous tunic, 993 
filtration or iridial angle, 995 
iris, 999 

membrana pupillaris, 104, 
1001 

ocular muscles, 1010 
optic axis, 993 
orbiculus ciliaris, 998 
orbital fascia, 1015 
poles of, 993 
pupil, 999 

refracting media, 1006 
retina, 1001 

pigmented layer of, 1003 
supporting framework of, 
1005 

retina proper, 1 003 
sclera, 993 

surface anatomy of, 1269 
tunics of, 993 
vascular tunic, 997 
vitreous body, 1006 
Eyebrows, 1015 
Eyelashes, 1016 
Eyelids, 1015 
applied anatomy of, 1020 
development of, 105 
muscles of, 438, 
structure of, 1016 
surface anatomy of, 1269 
tarsi of, 1016 
Eye-teeth, 1103 

Eace, bones of, 230 
development of, 78 
length of, 271 
lymphatic vessels of, 754 
surface anatomy of, 1264 
width of, 271 
Facial artery, 612 
transverse, 616 


INDEX 

I Facial bones, 230 

canal, hiatus of, 210, 261 
prominence of, 1030 
hemiatrophy, progressive, 982 
lymph-glands, 752 
deep, 752 
nerve, 907 

motor root, 908 
sensory root, 908 
applied anatomy of, 912 
nucleus of, 813 
palsy, 912 
vein, anterior, 710 

applied anatomy of, 710 
common, 710 
deep, 710 

Facial vein, posterior, 711 
transverse, 711 

Falciform ligament of liver, 
1134, 1185 

margin of fossa ovalis, 534 
cornua of, 534 
process of sacrotuberous 
ligament, 399 
Fallopian tubes, 1230 
False amnion, 60* 
ligaments of bladder, 1205 
ribs, 188 

vocal cords, 1066 
Falx cerebelli, 880 
cerebri, 879 
primitive, 97 
inguinal aponeurotic, 476 
Fascia of abdomen, 469 
of Abemethy, 531 
anal, 483, 485 
of ankle, 558 

of anterolateral region of 
neck, 447 
antibrachial, 517 
axillary, 496, 642 
bicipital, 504 
brachial, 502 
buccopharyngeal, 448 
bulbi, 1013 
of Camper, 470 
cervical, deep, 447 

applied anatomy of, 449 
superficial, 447 
of Colles, 470, 487 
colli, 447 

applied anatomy of, 449 
coracoclavicular, 498 
cremasteric, 475, 1218 
cribrosa, 533 
cruris, 549 
deep, 435 
of deltoideus, 500 
dentata hippocampi, 852, 872 
diaphragmatic part of pelvic, 
483 

dorsalis pedis, 560 
of forearm, 507 
general description of, 435 
of the head, 436 
iliaca, 530 
iliopeetineal, 531 
inferior of ? urogenital dia- 
phragm, 489 
infraspinata, 501 
infundibuliform, 481, 1218 
intercrural, 472, 1218 
lacrimal, 1020 
lata, 533 

fossa ovalis of, 534 

falciform margin of, 534 
iliotibial tract or band of, 

534 , . . . 


Fascia of leg,»549 « 

deep transverse, 5^9, 553 
lumbodorsal, 457 
nuchal, 457* 

of obturator internus, 482 
. orbital, 1015 
parotideomasseteric, 448 
pectoral, 496 
pelvic, 482 

pharyngobasilar, 1124 
pretracheal, 449 
prevertebral, 448 
propria of femoral hernia,. 
1175 

of piriformis, 483 
of psoas and iliacus, 530 
applied anatomy of,- 532 
of quadratus lumborum, 
481 

Fascia, rectovesical, 1224* 
renal, 1195 
of Scarpa, 470 
Sibson’s, 1079 

spermatic, external, 472, 
1218 

subscapular, 501 
superficial, 435 
superior, of urogenital dia- 
phragm, 490 
supraspinata, 501 
temporal, 444 
of thigh, 533 c „ 
of thoracic region, 496 
transversalis, 480 
triangular, 473 
of trunk, 456 
of upper extremity, 492 
of urogenital diaphragm, 489, 
490 

in female, 492 
of urogenital region, 489 
Fascise, general description of, 
435 

Fasciculated bladder, 1208 
Fasciculi, intrafusal, 1050 
superficial transverse of 
hand, 522 
Fasciculus — 

anterior basis bundle, 794 
anterolateral, superficial, 795 
of Burdach, 795 
cerebellar, direct, 795 
cerebro-olivary, 808 
cerebrospinal, anterior, 793 
lateral, 794 
uncrossed, 794 
cingulum, 866 
comma-shaped, 796 
comucommissural, 796 
crossed pyramidal, 794 
cuneatus, 795, 805 
direct cerebellar, 795, 806 
direct pyramidal, 793 
dorsal peripheral band, 795 
of Flecbsig, 795 
of Goll, 795 
of Gowers, 795 
gracilis, 795 
of Helweg, 795 
inferior longitudinal, 867 « 
lateral basis bundle, 795 
of Lissauer, 795 
longitudinal of pons, 813 
of posterior column, 791 
mamillotegmental, 838 
mamillothalamic, 834, 838, 
862 

medial longitudinal, 806, 827“ 
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Fasciculus (conL) * 

medial longitudinal, nucleus 
of, 827 

of Monakow, 794 
motor, 873 « 
occipitofrontal, 867 
olfactory, 862 
olivocerebellar, 808 
olivospinal, 795 
oval area of Flechsig, 797 
perpendicular, 867 
posterior, 795 

longitudinal, 806, 827 
proprius anterior, 794, 806 
lateralis, 795, 806 
pyramidal, crossed, 794 
direct, 793 

retroflexus of Meynert, 836 
rubrospinal 794, 827 
sensory, 874 
solitarius, 809, 915 
spinocerebellar, anterior, 795 
spino -olivary, 808 
spinotectal, 795 
spinothalamic, anterior, 794 
lateral, 795 

superficial anterolateral, 795 
superior longitudinal, 866 
tectospinal, 794 
thalamo.-olivary, 835 
triangular strand, 797 
uncinate, -866 

uncrossed lateral cerebro- 
spinal, 794 
vestibulospinal, 794 
Fasciola cinerea, 852 
Fat or adipose tissue, 9 
cells, 9 

Fatty capsule of kidney, 1194 
Fauces, 1118 

arches or pillars of, 1118 
Female genital organs, 1226 
bulb of vestibule, 1240 
carunculae hymenales, 1239 
clitoris, 1239 
development of, 149 
epoophoron, 1229 
-external, 1238 
Fallopian tubes, 1230 
fourchette, 1239 
greater vestibular glands, 
or glands of Bartholin, 
1240 

hymen, 1239 
internal, 1226 
labia majora, 1238 
minora, 1238 
mons pubis, 1238 
navicular fossa, 1239 
ovaries, 1226 
paroophoron, 1229 
uterine tubes, 1230 
uterus or womb, 1231 
vagina, 1237 
' vestibule, 1239 
Female pronucleus, 42 
urethra, 1211 
Femoral artery, 687 

applied anatomy of, 691 
branches of, 693 
peculiarities of, 691 
surface marking of, 1311 
canal, 689 

circumflex artery, lateral or 
external, 693 
medial or internal, 694 
cutaneous nerve, interme- 
diate, 956 


Femoral cutaneous 
lateral, 955 
medial, 956 
posterior, 960 
fossa, 689 
fovea, 1173 
hernia, 1174 
muscles, anterior, 533 
medial, 538 
posterior, 547 
nerve, 956 
applied anatomy of, 967 
ring, 689 
septum, 689 
sheath, 687 
triangle, 689, 1310 
vein, 736 
Femur, 317 

applied anatomy of, 326 
condyles of, 323 
fractures of, 326, 566 
head of, 31S 
neck of, 318 
ossification of, 325 
structure of, 324 
surface anatomy of, 1302 
trochanters of, 319, 320 
Fenestra basal is, 76 
Fenestra vestibuli or ovaiis, 
1029 

Fenestrse narinse, 75 ,■ 

cochleae or rotunda, 1029, 1038 j 
Fenestrated membrane, 12 
Fertilisation of ovum, 46 
Fibrae propriae of cerebellum, 
819 

Fibre-laminae of cerebral cortex, 
868, 869 

Fibres, external arcuate, 811 
internal arcuate, 805 
association or arcuate, of 
cerebellum, 819 
of cerebrum, 866 
of medulla spinalis, 792 
cerebrospinal, of internal 
capsule, 860 

clinging or tendril, of cere- 
bellum, 821 

commissural, of cerebellum, 
819 

of cerebrum, 866 
corticostriate, 858 
corticothalamic, 834 
crossed commissural, 790 
dentinal, 1105 
enamel, 1106 
frontopontine, 827 
geniculate, of internal cap- 
sule, 859 

intercolumnar, 472 
intercrural, 472 
internal arcuate, 805 
intersegmental of medulla 
spinalis, 792 
intrafusal, 1050 
moss, of cerebellum, 821 
muscular, 29, £2, 33 
nerve, 37 
osteogenetic, 22 
perforating, of bone, 21 
projection, of cerebellum, 818 
of cerebrum, 866 
of Purkinje, 33 
radial, of cerebral cortex, 869 
of Remak, 39 

sustentacular, of Muller, 1005 
tangential, of cerebral cor- 
tex, 869 


transverse, of cerebrum, 806 
of pons, SI 2 

uncrossed lateral cerebro- 
spinal, 794 

white, of areolar tissue, 7 
yellow or elastic, 8 
I Fibrinoid substance of 
placenta, 65 

Fibrocartilage, circumferential, 

17 

connecting, 16 
interart icular, 10 
sacrococcygeal , 36 1 
stratiform, 17 
white, 16 

yellow or elastic, 17 
Fibroeartilages, 351 
intervertebral, 358 
' applied anatomy of, 359 
structure of, 359 
semilunar of knee, 414 
Fibroeartilaginou > lamina, in- 
terpnbic, 4 on 

ring of tympanic membrane, 
1028 ' 

Fibrous pericardium, 576 
rings of heart, 587 
sheaths of flexor tendons of 
fingers, 519 
of toes, 563 

stratum of articular capsule, 
351 

tissue, white, 10 
tunic of eyeball, 993 
cornea, 995 
sclera, 993 
Fibula, 330 

applied anatomy of, 338 
fractures of, 333, 568 
ossification of, 333 
surface form of, 1301 
Fibular artery, 705 
collateral ligament of knee 
joint, 413 

intermuscular septa, 549 
notch, 328 

Fifth lumbar vertebra, 174 
metacarpal bone, 304 
metatarsal bone, 342 
Fillet or lemniscus, 805, 828 
decussation of, 805 
lateral, 829 
mesial, 829 

Filtration angle of eye, 995 
applied anatomy of, 1009 
Filum terminate, 87, 785, 884 
Fimbria hippocampi, 863 
ovarian, 1230 

Fimbriae of uterine tube, 1230 
Fimbriated end of uterine 
tube, 1230 

Fimbriodentate fissure, 852, 863 
Finger-prints, 1052 
First cervical vertebra, 167 _ 
cervical nerve, anterior divi- 
sion, 931 

posterior division, 928 
cuneiform bone, 342 
ossification of, 347 
metacarpal bone, 303 
metatarsal bone, 345 
plantar interosseous muscle, 
565 

rib, 191 

thoracic vertebra, 171 
volar interosseous muscle, 
524 


nerve, | Fibres of Tomes, 110; 
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Fissura antitragohelicina, 1023 
prima of cerebellum, 92, 815 
of olfactory lobe, 852 
rostroventralis, 76 
secunda of cerebellum, 92 
vestibuli, 1038 

Fissure, anterior median, of 
medulla oblongata, 800 
chorioidal, of brain, 865 
of optic cup, 102 
external rhinal, 95 
fimbriodentate, S52, 863 
floccular, 92 
Glaserian, 208, 1028 
orbital, inferior, 253, 259 
superior, 203, 259, 261 
petro -occipital, 251, 263 
petrosphenoidal, 250 
petrotympanic, 208, 250, 
1028 

porta bepa.fi?, 1183 
postuodiilar, 92 
pieryiroici. 2i.-j 
pieiygoumviilMrv, 254 
sphenomaxillary, 253 
transverse of brain, 866 
of liver, 1183 
tympanomastoid, 250 
Fissures and sulci of medulla 
spinalis, 787 

Fissures of cerebellum, 814 
development of, 92 
floccular, 92 
horizontal, 815 
postcentral, 815 
postnodular, 92, 816 
postpyramidal, 816 
precentral, 815 
preclival, 815 
prepyramidal, 816 
of cerebral hemisphere, 844 
development of, 99 
calcarine, 845 
callosal, 850, 852 
collateral, 845 
external rhinal, 95 
fimbriodentate, 852, 863 
hippocampal, 97, 851 
interlobar, 844 
lateral cerebral, 99, 845 
1263 

longitudinal, 834 
parieto-occipital, 845 
of Rolando, 845, 1263 
of Sylvius, 99, 845 
transverse, of brain, 866 
congenital, of cranium, 229 
of lungs, 1087 
of medulla oblongata, 800 
Fixation muscles, 434 
Fixed vertebrae, 164 
Flat bones, 163 
Flat-foot, 427, 432 
Flechsig, direct cerebellar tract 
of, 795 

oval area of, 797 
Flexor accessorius, 563 
carpi radialis, 508 
_ ulnaris, 509 

digit! quinti brevis of foot 
565 

of hand, 526 
digitorum brevis, 563 
longus, 554 
profundus, 510 
sublimis, 509 
haliucis brevis, 565 
longus, 553 


Flexor pollicis brevis, 523 
longus, 511 

Flexure, cervical, of brain, 90 
duodenal, inferior, 1154 
superior, 1154 
duodenojejunal 1154, 1155 
hepatic, 1165 
left colic, 1162, 1166 
perinaeal, of rectum, 1168 
pontine, 90 
right colic, 1162, 1166 
sacral, of rectum, 1168 
sigmoid, 1162 
splenic, 1166 
ventral cephalic, 90 
Floating kidney, 1199 
ribs, 189 

Floccular fissure, 92 
Flocculus, 816 

Floor of fourth ventricle, 824 
Floor-plate, 85 
Fluid, amnio tic, 61 
cerebrospinal, 883 
vitelline, 56 
Fluids, circulating, 26 
blood, 26 
lymph, 29 

Foetal circulation, 592 
heart, peculiarities of, 592 
membranes, 58 
Foetal portion of placenta, 64 
Foetus, circulation in, 592 
foramen ovale in, 115, 592 
peculiarities of vascular 
system in, 592 

valve of inferior vena cava 
in, 582, 592 
Fold or Folds — 
alar, of synovial stratum 
of knee-joint, 411 
amniotic, 60* 
aryepiglottic, 1066 
bloodless, of Treves, 1146 
caudal, 55 
cephalic, 55 

circular, of small intestine, 
1158 

duodenal, inferior, 1145 
superior, 1145 
epigastric, 1173 
glosso -epiglottic, 1062 
ilioeaecal, inferior, 1146 
inguinal, 154 
malleolar, 1028 
neural, 52 

palmate, of cervix uteri 
1233, 1236 
paraduodenal, 1145 
patellar, 411 

pharyngo -epiglottic, 1062 
recto-uterine, 1234 
rectovesical, 1138 
sacrogenital, 1138, 1234 
salpingopalatine, 1123 
salpingopharyngeal, 1123 
transverse, of rectum, 1168 
umbilical, 11.73, 1205 
urogenital, 150 
ventricular, of larynx, 1066 
vestigial, of Marshall, 128, 
576, 709 

vocal, of larynx, 1067 
Folia linguae, 1112 
Folium vermis or cacuminis, 

816 

Follicle of hair, 1056 
Follicles, Graafian, or vesicular 
ovarian, 1228 


Fontana, spabes of, 997 
Fontanelles, 267 * 

Fonticulus, frontal, 267 
mastoid, 268 
occipital, 267 f 
sphenoidal, 268 
Foot, arches of, 431 

applied anatomy of, 432 
bones of, 334 
applied anatomy of, 349 
dorsal fascia of, 560 
muscle of, 560 
muscles of, 560 
ossification of boifes of, 347 
plantar muscles of, 561 
skeleton of, 334 
applied anatomy of, 349 
surface anatomy of, 1303 
Foot-drop, 969 

Foramen bursse omenti maioris. 
1140 

caecum of frontal bone, 218* 
260 

of medulla oblongata, 800 
of tongue, 134, 1111 
caroticoclinoid, 204, 261 
condyloid, anterior, 199 
epiploic, 139, 1139 
frontal, 217 
of Huschke, 212, 214 
incisive, 234, 247 
infra-orbital, 230, 256 
interventricular, 863 
jugular, 250, 263 
lacerum, 203, 250, 261 
magnum, 196, 199, 251, 260 
of Majendie, 823, 882 
mandibular, 242 
mastoid, 208, 251, 255, 264 
mental, 241, 257 
of Monro, 842, 863 
nutricium, 19 
obturator, 312 
optic, 200, 204, 259, 261 
ovale of heart, 115, 592 
of sphenoidal bone, 203* 
250, 253, 261 
palatine, greater, 249 
parietal, 215, 247, 260 
rotundum, 203, 254, 261 
sciatic, greater, 399 
lesser, 400 
singulare, 211 
sphenopalatine, 237, 265 
spinosum, 203, 250, 253, 261 
sternal, 185 
stylomastoid, 212, 250 
supra-orbital, 217, 256, 259 
supratrochlear, 285 
transversarium, 166 
vena-caval, in diaphragm. 

466 45 

vertebral, 164 
Vesalii, 203, 261 
of Winslow, 139, 1139 * 

zygomaticofacial, 239, 256 
zygomaticotemporal, 239, 

251 

Foramina, ethmoidal, 258, 260 
intervertebral, 164 
palatine, lesser, 238, 249 
parietal, 260 

in roof of fourth ventricle, 

823 

sacral, anterior, 174 
posterior, 175 
of Scarpa, 234, 248 
of Stensen, 234, 247 



1308 SURFACE ANATOMY AND SURFACE MARKINGS 

The nerves.— The only nerves of the lower extremity which can he located by- 
palpation are (1) the common -peronceal nerve as it winds round the lateral side of 
the neck of the fibula, and (2) the tibial nerve as it descends behind the lower end 
of the tibia. 


THE SURFACE MARKINGS OF THE LOWER EXTREMITY 

The bony landmar ks. — The anterior superior iliac spine is at the level of the 
sacral promontory— the posterior at the level of the spinous process of the second 
sacral vertebra. A horizontal line through the highest points of the iliac crests 
passes also through the spinous process of the fourth lumbar vertebra, while, as 
already pointed- out (p. 1284), the transtubercular plane through the tubercles 
- on the iliac crests cuts the body of the fifth lumbar vertebra. The upper margin of 
the greater sciatic notch is, opposite the spinous process of the third sacral vertebra, 
and slightly below this level is the posterior inferior iliac spine. _ The surface mark- 
ings of the posterior inferior iliac spine and the ischial spine are in a line which joins 


Fig. 1262. — Nelaton’s line and Bryant’s triangle. 



the posterior superior iliac spine to the outer part of the ischial tuberosity ; the 
posterior inferior spine is 5 cm. and the ischial spine 10 cm. below the posterior 
superior spine ; the ischial spine is opposite the first piece of the coccyx. 

With the body in the erect posture the fine joining the pubic tubercle to the 
top of the greater trochanter is nearly horizontal ; the middle of this line overlies 
the acetabulum and the head of the femur. 

A line used for clinical purposes is that of Nelaton (fig. 1262), which is drawn 
from the anterior superior iliac spine to the most prominent part of the ischial 
tuberosity ; it crosses the, centre of the acetabulum and the upper border of the 
greater trochanter. Another surface marking of clinical importance is Bryant’s 
triangle, which is mapped out thus : a line from the anterior superior iliac spine 
to the top of the greater trochanter forms the base of the triangle ; its sides are 
formed respectively by a horizontal line carried backwards from the anterior superior 
iliac spine and a vertical line from the top of the greater trochanter. 
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funiculi of medulla spinalis— 
anterior, 793 
lateral, 794 
posterior, 795 
Funiculus, nerve, 780 
separans, 825 
spermaticus, 1218 
Funnel-breast, 195 
Furcal nerve, 951 
Furcula, 134, 145 
Furrow, dental or labiotectal, 
1106 

iliac, 1281 
naso-optic, 79, 105 
sternal, 1276 

Furrowed band of cerebellum, 
817 

Fusiform gyrus, 849 

Galactocele, 1242 
Galea aponeurotica, 437 
Galen, veins of, 717 
vena magna of, 717 
Gall-bladder, 1189 

applied anatomy of, 1191 
fossa for, 1183 
lymphatic vessels of, 771 
structure of, 1190 
surface marking of, 1287 
Ganglion or ganglia, 782 
aberrant, 926 
aorticorenaj, 979 
basal, 859 

cardiac, of Wrisberg, 979 
carotid, 973 
cervical, inferior, 975 
middle, 975 
superior, 974 
ciliary, 895 
coccygeal, 978 
eceliac, 979 

compound palmar, 523 
of Oorti, 1047 
Gasserian, 892 
genicular, 910 
of glossopharyngeal, 916 
habenulse, 836 
impar, 978 
interpeduncular, 827 
jugular, of glossopharyngeal, 
916 

of vagus, 917 
Langley’s, 1100 
Meckel’s, 898 
mesenteric, inferior, 981 
superior, 981 
nodosum, of vagus, 918 
otic, 903 
petrous, 916 
phrenic, 935, 979 
of root of vagus, 917 
of Scarpa, 1047 
semilunar, of abdomen, 979 
of trigeminal nerve, 889 
sphenopalatine, 898 
spinal, 925 
structure of, 926 
spiral, of cochlea, 913, 1047 
splanehnieum, 976 
stellate, 978 
structure of, 782 
submaxillary, 903 
superior, of glossopharyn- 
geal, 916 

of trunk of vagus, 918 
uterine cervical, 982 
vestibular, 913, 1047 
of Wrisberg, 979 


Ganglion-ridge, 52, 88 
Ganglionic arteries, antero- 
lateral, 630 
anteromedial, 629 
posterolateral, 638 
posteromedial, 630, 638 ^ 
arterial system of brain, 
631 

branches of middle menin- 
geal artery, 618 
layer of retina, 1003 
Gartner, duct of, 151, 1229 
Gasserian ganglion, 892 
Gastric arteries, short, 669 
artery, left, 667 
right, 868 
canal, 138, 1149 
glands, 1151 
impression, 1185 
lymph-glands, superior, 765 
inferior, 766 
nerves from vagus, 921 
plexus, anterior, 921 
inferior, 980 
posterior, 921 
superior, 981 
veins, short, 742 
Gastric vein, right, 744 
Gastrocnemius, 551 
applied anatomy of, 558 
Gastrocolic ligament, 1134 
Gastroduodenal artery, 668 
Gastro -enterostomy, 1153 
Gastro-epiploic artery, left, 669 
right, 668 
vein, left, 742 
right, 744 

Gastrolienal ligament, 1139, 
1253 

Gastropancreatic ligament, 
1140 

Gastrophrenic ligament, 1148 
Gastrosplenic omentum, 1139 
Gastrostomy, 1153 
Gastro tomy, 1153 
Gemellus inferior, 546 
nerve to, 958 
superior, 546 
nerve to, 958 

General sensations, peripheral 
terminations of nerves of, 
1048 

Generative organs, develop- 
ment of, 149, 158 
Genicular artery, highest, 695 
inferior, 699 
middle, 699 
superior, 698 

ganglion of facial nerve, 910 
Geniculate body, lateral, 835 
medial, 835 

fibres of internal capsule, 859 
Geniculum of facial nerve, 909 
Genioglossus, 1115 
Geniohyoideus, 453 
Genital branch of genitocrural 
nerve, 953 # 

Genital cord, *151 
cords, 153 
corpuscles, 1048 
epithelium, 153 
glands, 153 

organs of female, 1226 
external, 1238 
of male, 1212 
ridge, 153 
swellings, 159 
tubercle, 159 


Genitals, external, lymphatic 
vessels of, 769 » 

Genitofemoral (genitocrural) 
nerve, 953 

Gennari, band of, 869 
Genu of corpus callosum, 853 
of internal capsule, 859 
Gerlach, tube-tonsil of, 1031 
Germ, common dental, 1106 
special dental, 1107 
Germ-centres of lymph-glands, 
747 

of palatine tonsils, 1119 
Germinal cells, 40 * 
spot, 40, 41 
vesicle, 40, 41 
Gestation, ectopic, 1231 
Giacomini, band of, 852 
Giant- cells of Betz, 869 
Gianuzzi,' crescents of, 1100 
Gimbemat’s ligament, 473 
Gingivae, 1094 
Ginglymus, 354 
Giraldes, organ of, 1217 
Girdle, of inferior extremities, 
274 

pelvic, 274 
shoulder, 274 

of superior extremities, 274 
Glabella, 2.1 7, 256, 269 
Gland or glands — 

accessory, of rpo r uth* 1101 
part of par* ■; U, I « | i)0 
thyreoid, 1245 
anterior lingual, 1117 
areolar, 1241 
arytaenoid, 1071 
ofBartholm, 158, 1240 
of Blandin, 1117 
of Bowman, 990 
of Brunner, 1160 
buccal, 1094 

bulbo -urethral, 158, 1226 
cardiac, of stomach, 1151 
ceruminous, 1026 
ciliary, 1016 
of Cowper, 158, 1226 
development of, 84 
ductless, 1243 
duodenal, 1160 
fundus, of stomach, 1152 
gastric, 1151 
genital 153 

greater vestibular, 158, 1240 
intestinal, 1160 
labial, 1094 
lacrimal, 1018 
accessory, 1018 
of larynx, 1071 
lenticular, of stomach, 1152 
of Littre, 1210 
mammary, 1240 
development of, 84 
Meibomian, 1017 
molar, 1094 
of Mm, 1117 
oesophageal, 1130 
oxyntic, 1151 
parathyreoid, 1246 

development of, 135 * 

parotid, 1096 
Peyer’s, 1160 
preputial, 1222 
pyloric, of stomach, 1152 
salivary, 1096 

development of, 134 
sebaceous, 1057 
development of, 84 
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Glands or glands (c&nt.) 
spleen qr lien, 1252 
sublingual, 1099, 
submaxillary, 1098 
sudoriferous, 1,057 
development of, 84 
suprarenal, 1250 
development of, 101 
sweat, 1057 
development of, 84 
tarsal, 1017 
thymus, 1247 
development of, 135 
thyreoid, 1*243 
development of, 134 
of tongue, 1117 
trachoma, 1018 
urethral, 1210, 1211 . 
uterine, 1236 

vestibular, greater, 158, 1240 
Glandulse Pacchionii, 882 
Gians clitoridis, 1239 
penis, 1221, 1222 
neck of, 1222 

Glaserian fissure, 208, 1028 
Glaucoma, 1009 
Glenohumeral ligaments, 379 
Glenoid cavity, 278 
fossa, 207 

ligament of shoulder, 380 
ligaments of Cruveilhier, 396, 
430 » , 

Glenoidal labrum of hip-joint, 
406 

of shoulder- joint, 380 
Gliding movement, 354 
Glisson’s capsule, 1142, 1186 
Globular processes, 79 
Globus major of epididymis, 
1212 

minor, 1212 
pallidus, 858 

Glomera carotica, 101, 605, 
1249 

structure of, 1250 
Glomerular arteries of kidney, 
1199 

Glomeruli of kidney, 1197 
of olfactory bulb, 872 
Glomus caroticum, 605 
coccygeum, 1252 
Glosso -epiglottic fold, 1062, 
1112 

Glossopalatine arch, 1118 
Glossopalatinus, 1120 
Glossopharyngeal nerve, 915 
motor fibres of, 916 
sensory fibres of, 915 
Glottis, respiratoria, 1067 
vocalis, 1067 
rima of, 1067 
Glutaeal aponeurosis, 542 
artery, inferior, 682 

applied anatomy of, 685 
superior, 684 

applied anatomy of, 685 
surface markings of, 1310 
branches of sacral plexus, 961 
lines of ilium, 307, 308 
muscles, 541 
nerve, inferior, 960 
superior, 959 
tuberosity, 321 
veins, 737 

Glutseus maximus, 541 
bursae under, 542 
medius, 542 
minimus, 542 


Gnathic index, 271 
Goblet or chalice cells, 5 
Goitre, 1246 
Golgi, cells of, 35, 869 
organs of, 1050 
reticular apparatus of, 2 
Golgi and Mazzoni, corpuscles 
of, 1050 

Goll, tract of, 795 
Gomphosis, 353 
Gonion, 270 
Gonorrhoea, 1210 
Gower’s anterolateral fasci- 
culus, 795 

Graafian follicles, 1228 
Graeile nucleus, 803 
Gracilis, 538 

Grandry, tactile corpuscles of, 
1049 

Granular layer of Tomes, 1105 
lids, 1008 

Granulations, arachnoideal, S82 
Granule-cells, 9 
Granules, basiphil, 28 
Greenstick fracture, 282 
Grey commissures of medulla 
spinalis, 788 

Grey nerve-substance, 34 
Grey or middle commissure 
of brain, 883 

Grey substance of cerebellum, 
819 

of cerebral hemisphere, 867 
of cerebral cortex, 867 
of medulla oblongata, 806 
of medulla spinalis, 788 
Grey or gelatinous nerve -fibres, 
39 

Groove, aurieuloventricular, 
578 

bicipital, 283 
costal, 190 

infra-orbital, 230, 258 
interatrial, 578 
lacrimal, 225 
laryngotracheal, 145 
musculospiral, 283 
mylohyoid, 242 
nasopalatine, 227 
neural, 52 
obturator, 311, 312 
occipital, 209 
olfactory, 260 
optic, 200 
primary labial, 133 
primitive, 50 
sacral, 175 
secondary labial, 133 
Grooves, branchial or outer 
pharyngeal, 76 
vertebral, 184 
Gubemaculum dentis, 1110 
testis, 155 

Gudden, commissure of, 841, 
888 

Gullet, 1128 
Gum-boil, 1111 
Gums, 1094 

applied anatomy of, 1094 
spongy, 1095 
Gustatory calyculi, 983 
cells, 983 
hair, 983 
pore, 983 

Gut, post-anal, 142 
rotation of, 141 
Gyms or gyri — 
angular, 848 


Gyrus or gyri (cont.) 
anterior central, 847 

arcus r,.i ••• .. •• 

848" " 

of Broca, 847 
cingulate, 850 
eu:nous, 848 
dentate, 852, 872 
descending, of Eekor, 848 
fasciola cinema, 852 ‘ 
frontal, 847 
fusiform, 840 
hippocampal, 850 
inferior parietal lobule, 84S 
of insula, 849 
isthmus, 850 
of limbic lobe, 850 
lingual, 848 
marginal, 847 
occipital, 848 
orbital, 847 

paracentral lobule, 847 
posterior central, 848 
prsecuneus, 848 
quadrate lobe, 837, 848 
rectus, 847 
subcallosal, 852 
superior parietal lobule, 
848 

supracallosal, 852 
supramarginal, 848 
temporal, S4S 
transverse temporal of 
Heschl, 848 
uncus, 850 

Habenular commissure, 836 
Hsematoma auris, J 026 
Haemorrhage, postpartum, 67 
Hemorrhoidal artery, inferior 
681 

middle, 679 
superior. 672 
nerve, inferior, 966 
plexus of nerves, middle, 982 
superior, 981 
vein, middle, 738 
superior, 743 

plexus of veins, 738, 1171 
applied anatomy of, 739 
Hair- bulb, 1056 
Hair-cells of internal ear, 1041 
1045 

Hair-follicle, 1056 
dermic coat of, 1056 
epidermic coat of, 1056 
'Hair-root, 1056 
Hair-shaft, 1056 
cortex of, 1057 
medulla of, 1056 
Hairs, 1055 
development of, 84 
gustatory, 983 
olfactory, 989 

Haller, vas aherrans of, 1217 
Hamate hone, 302 
ossification of, 305 
Hamstring tendons, applied 
anatomy of, 548 
Hamulus, of hamate bone, 302 
lacrimal, 225 
laminae spiralis, 1038 
pterygoid, 204 
Hand, muscles of, 518 
skeleton of, 298 
surface anatomy of, 1292 
veins of, 724, 727 
Hard palate, 248, 1095 
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Hare-lip, 82 
Harrison’s sulcus, 195 
Hasner, plica lacrimalis of, 1020 
Hassall, concentric corpuscles 
of, 1249 

Haversian canals of bone, 20 
systems of bone, 20 
Head, lymph-glands of, 751 
lymphatic vessels of, 754 
muscles of, 436 
surface anatomy of, 1257 
veins of, 709 

Head and neck, arteries of, 605 
Head-cap of spermatozoon., 43 
Head- veins, primary, 128 
Hearing, organ of, 1022 
Heart, 577 

actions of valves, 591 
annulus ovalis of, 582 
aortic orifice of,' 586 
semilunar valves of, 586 
vestibule of, 586 
apex of, 579 
applied anatomy of, 591 
atrial septum of, 580 
atrioventricular orifice, left, 
586 

right, 583 
bundle, 589 
node, 589 
base of, 578 

bicuspid or mitral valve of, 
586 

cardiac cycle, 591 
component parts of, 578 
conus arteriosus of, 583 
coronary arteries of, 598, 599 
sinus of, 582 
crista terminalis of, 581 
development of. 1 1 0. 113 
< i i.-3 j i'-i g i! mi ic j- :j ri« co of, 580 
endocardium, 587 
fibres of the atria, 588 
of the ventricles, 587 
fibrous rings of, 587 
fossa ovalis of, 582 
left atrium, 585 
ventricle, 585 
limbus fossse ovalis of, 582 
lymphatic vessels of, 778 
margins of, 580 
musculi pectinati of, 581, 585 
musculi papillares of, 5S4, 

. 587 

nerves of, 591 
os cordis, 587 
pulmonary orifice of, 583 
semilunar valves of, 584 
right atrium, 580 
ventricle, 583 
septa of, 580 
sino -atrial node, 589 
size and weight, 578 
sternocostal surface of, 579 
structure of, 587 
surface marking of, 1279 
trabeculae camese of, 584, 587 
tricuspid valve of, 583 
trxgonum fibrosum, 587 
ventricular septum of, 580 
vessels of, 591 
wounds of, 591 
Heart-block, 591 
Heat, cold and pain, area for, 
871 

Heberden’s nodes, 306 
Heidenhain, demilunes of, 1100 
Height -index of skull, 270 


Helicine arteries, 1222 
Helicis major, 1024 
minor, 1024 

Helicotrema, 1037, 1038 
Helix, 1022 

Helweg, olivospinal fasciculus 
of, 795 

Hemiazygos vein, 731 
accessory, 731 

Hemispheres, cerebellar, 814 
cerebral, 843 
Henle’s loop, 1197 
Henle’s layer of hair-follicle, 
1056 

Hensen, canalis reuniens of, 
1040, 1042 
knot of, 50 
line of, 30 
stripe of, 1046 
supporting cells of, 1045 
Hepar, 1181 

Hepatic artery, 667, 1188 
Hepatic branches of vagus 
nerve, 921 
evlinders, 143 
duct, 1188 

flexure of colon, 1165 
Ivmph-glands, 766 
pl‘:\ On) 
voir.s. 7-1.1, 1186 
Hepatoduodenal ligament, 
1134, 1141, 1186 
Hepatogastric ligament, 1134, 
1141, 1186 
Hepatoptosis, 1191 
Hepatorenal ligament, 1134, 
1185 

Herbst, corpuscles of, 1050 
Hernia, 1173 

congenital, complete, 1173 
femoral, 1174 
incomplete, 1175 
into funicular process or in- 
complete congenital, 1174 
inguinal, 1173 
direct, 1174 
oblique, 1173 
of lung, 1091 
scrotal, 1173 
testis, 1216 

Herophilus, torcular of, 197 
Heschl, gyri of, 848 
Hesselbach, interfoveolar liga- 
ment of, 477 

triangle of, 687, 1174, 1289 
Heterotypical mitosis, 3 
Hiatus, aortic, 466 
of facial canal, 210, 261 
oesophageal, 466 
sacralis, 175 
semilunaris, 266, 987 
Highmore, antrum of, 231, 992 
Hilum of inferior olivary nuc- 
leus, 808 
of kidney, 1193 
of lung, 1086 
of spleen, 1253 
Hind-brain, 53, 90, 800 
Hind-gut, 55, 132 
Hinge-joint, 354 
Hip-bone, 306 
acetabulum, 311 
obturator foramen, 312 
os ilii, 306 
ischii, 309 
pubis, 310 
ossification of, 312 
structure of, 312 


Hip-bone ( Gant. ) • 

surface anajfcomy o£, 1302 
marking of, 1308 
Hip-disease, 409 
Hip- joint, 403 f 
applied anatomy of, 409 
movements of, 407 
muscles in relation with, 406 
Hippocampal commissure, 862 
Hippocampal fissure, 97, 851 
gyrus, 850 

Hippocampus, 97, 857 
structure of, 871 
His, atrioventricular bundle of, 
33, 589 

globular processes of, 79 
Histology, 1 
Histrionic spasm, 913 
Holoblastic ova, 48 
Homo typical mitosis, 3 
Horizontal cells of retina, 1004 
circumference of skull, 270 
part of palatine bone, 236 
sulcus of cerebellum, 814 
Hormones, 1243 
Horny layer of epidermis, 1051 
Housemaid’s knee, 419 
Houston’s valves of rectum, 
1168 

Howship’s foveola, 24 
Huguier, canal of, 208, 911, 
1028 „ . 

Human ovum, 40 
Humeral articulation, 378 
applied anatomy of, 382 
bursae in relation to, 380 
movements of, 381 
vessels and nerves of, 380 
circumflex artery, anterior, 
647 

posterior, 647 
ligament, transverse, 380 
Humerus, 282 

applied anatomy of, 286, 528 
fractures of, 286, 528 
ossification of, 286 
structure of, 286 
surface anatomy of, 1293 
Humour, aqueous, 1006 
Hunter’s canal, 689 
Huschke, auditory teeth of, 
1043 

foramen of, 212, 214 
Huxley’s laver of hair-follicle, 
1056 

Hyaline cartilage, 15 
cell, 28 

Hyaloid artery, 104 
canal, 104, 1006 
fossa, 1006 
membrane, 1006 
Hyaloplasm, 1 

Hydatid of Morgagni, 153, 
1212, 1230 

pedunculated, of epididymis, 
1212 

Hydatid cysts of liver, 1191 
Hydrocele, 1216 
Hydro thorax, 1080 
Hygroma, congenital ftystic, 
748 

Hymen, 1239 

Hyo-epiglottic ligament, 1063 
Hyoglossal membrane, 1117 
Hyoglossus, 1115 
Hyoid arch, 77 
arteries, 610, 611 
bone, 246 
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Hydtd bone ( cont .)* 
body of, 246 
cornua of, 24§ 
ossification of, 247 
Hyo thyreoid ligaments, 1064 
membrane, 1064 
Hyparterial bronchi, 1075, 1088 
Hypernephroma, 1200, 1252 
Hypochondriac regions of 
abdomen, 1133 
Hypochordal bar, 69 
Hypogastric artery, 592, 594, 
h78 

•applied Anatomy of, 678 
branches of, 679 
•changes in, at birth, 594 
in foetus, 592 
peculiarities of, 678 
lymph-glands, 764 
plexus, 981 

region of abdomen, 1133 
vein, 737 

Hypoglossal nerve, 923 

applied anatomy of, 925 
nucleus of, 806, 923 
canal, 199, 251, 263 
Hypophysial arteries, 626 
part of skull, 72 
Hypophysis, 135, 838 

applied anatomy of, 840 
development of, 135 
lobes of, 839 
structure of, 839 
Hypospadias, 1211 
Hypothalami, pars mamillaris, 
94 

pars optica, 95 1 

Hypothalamus, 837 
corpora mamillaria, 837 
hypophysis or pituitary 
body, 135, 838 
infundibulum, 838 
optic chiasma, 840 
subthalamic tegmental re- 
gion, 838 

corpus subthalamicum, 838 
stratum dorsale, 838 
zona incerta, 838 
tuber cinereum, 838 
Hypothenar eminence, 518 


Ichthyoid blood-cells, 110 
Ileal arteries, 670 

branches of ileocolic artery, 
672 


lymph-glands, 767 
Ileocaecal fossse, 1146 
fold, inferior, 1146 
Ileocolic artery, 672 
lymph-glands, 767 
Ileum, 1156 

lymphatic vessels of, 770 
Iliac arteries, common, 676 

applied anatomy of, 
• 678 

peculiarities of, 677 
surface marking of, 1289 


external, 685 

applied anatomy of, 685 
m branches of, 686 

surface marking of, 1289 


internal, 678 

applied anatomy of, 67b 
branches of, 679 
peculiarities of, 678 
branches of obturator artery. 


680 

circumflex artery, deep, 687 


Iliac circumflex artery, super- 
ficial, 693 
lymph -glands, 764 
vein, deep, 737 
superficial, 734 
colon, 1167* 
colostomy, 1175 
fascia, 530 
fossa, 309 
furrow, 1281 

lymph-glands, common, ! 

763 | 

external, 763 

regions of abdomen, 1133 j 

muscles of, 530 ; 

spines, 309 
tuberosity, 309 
Iliac vein, common, 739 
peculiarities of, 739 
external, 737 
right, 739 
internal, 737 
left, 739 
Iliacus, 532 
fascia covering, 531 
Iliocoecygeus, 485 
Iliocostalis cervicis, 458 
dorsi, 458 
lumborum, 458 
Iliofemoral ligament, 405 
Iliohypogastric nerve, 952 
Ilio -inguinal nerve, 952 
Iliolumbar artery, 682 
ligament, 398 

Iliopectineal eminence, 309, 
310, 311 
fascia, 531 
Iliopsoas, 532* 

Iliosaeralis, 485 
Iliotibial band or tract, 
534 

Iliotrochanteric ligament, 405 
Ilium, 306 
ala of, 307 
body of, 306 
crest of, 309 
dorsum of, 307 
glutseal lines of, 307, 308 
Ilium, spines of, 309 
Imbedding or implantation of 
fertilised ovum, 62 
Immovable articulations, 352 
Impression, cardiac, on liver, 
1184 

on lung, 1086 
colic, 1185 
duodenal, 1185 
gastric, 1185 
oesophageal, 1185 
renal, 1185 
rhomboid, 281 
suprarenal, 1184 
trigeminal, 210 
Incisive bone, 234 
canals, 234, 242, 247 
foramen, 234, 247 
fossa, 230, 241, 257 
Incisivus labii inferioris, 443 
superioris, 443 
Incisor crest, 235 
Incisor teeth, 1102 
Incisors, 1102 

Incisura angularis of stomach, 
1147 

apicxs cordis, 578 
cardiaca, 1147 
ethmoidalis, 219 
fastigii, 92 


Incisura ocrtcrm*? - , ins 
lomiM.r.iii-. v '.o 
ieuP.ri!, 

umbiliealis, 11 S3 
Incisures of medullary nerve - 
sheath, 38 
Incus, 1032 
body, 1032 
crura, 1032 
dvvlMpmvni of, 108 
lenticular process, 1032 
ligaments of, 1032 
ossification of, 1032 
Index, cephalic or breadth, 
271 

dental, 271 

gnathic or areolar, 27 1 
nasal, 271 
orbital, 271 
vertical or height, 270 
Indirect division of cells, 2 
Indus ium griseum, 852 
Infantile hydrocele, 1216 
paralysis, 25, 798 
Inferior transverse ligament, of 
distal tibiofibular articula- 
tion, 420 
of scapula, 378 

Infraclavicular branches of 
brachial plexus, 937 
fossa. 497 

lufraglerioid tuberosity. 277 
Infrahyoid lymph-glands, 753 
muscles, 453 

i Infra-orbital artery, 620 
canal, 231, 258 ‘ 
foramen, 230, 250 
groove, 230, 258 
lymph-glands, 752 
nerve, 890* 

plexus of nerves, 897, 912 
process of zygomatic bone, 
240 

Infrapatellar branch of saphen- 
ous nerve, 957 
pad of fat, 41 1 
Infrascapular artery, 647 
Infraspinatous fossa, 274 
Infraspinatus,. 501 
Infrnsternal notch, 1276 
Infratemporal crest, 203 
fossa, 253 

Infratrochlear nerve, 835 
Infundibula of lungs, 3089 
Infundibuliform fascia, 481, 
1218 

Infundibulopelvie ligament, 
1234 

Infundibulum of brain, 838 
of ethmoidal bone, 224, 266, 
987 

of uterine tube, 1230 
Infusion, intravenous, 727 
Inguinal aponeurotic falx, 476 
canal, 481 
crest, 154 
fold, 154 

fovea, lateral, 1173 
medial, 1173 
hernia, 1173, 1174 
ligament, 473 
reflected, 473 
lymph-glands, 762 
applied anatomy of, 762 
regions of abdomen, 1133 
ring, abdominal, 480 
subcutaneous, 472 
Inion, 270 
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Inlet of pelvis, 313 
Inner cell-mass, 49 
Inner surface of skull-cap, 260 
Innominate artery, 602 

applied anatomy of, 603 
peculiarities of, 602 
bone, 306 
ossification of, 312 
veins, 729 
peculiarities of, 729 
Inscriptions, tendinous, of 
rectus abdominis, 477 
Insertion of muscles, 434 
Insula, 849 

circular sulcus of, 845, 849 
gyri of, 850 
opercula of, 849 
Integument, 1051 
Interalveolar cell-islets of 
pancreas, 1180 
Interarticular fibrocartilages, 
16 

ligament of head of rib, 368 
sternocostal ligaments, 37.1 
Interatrial groove, 578 
Inter capitular veins, 724, 733, 
736 

Inter carpal articulations, 393 
Intercavernous sinuses, 722 
Interchondral articulations, 
372 

ligaments, 372 

Interclavicular ligament, 375 
Interelinoid ligament, 206 
Intercolumnar fibres, 472 
Intercondyloid eminence of 
tibia, 327 
line of femur, 323 
fossa of femur, 323 
fossae of tibia, 327 
Intercostal arteries, from aorta, 
663 

from internal mammary, 
640 

applied anatomy of, 664 
artery, superior, 642 
lymph-glands, 775 
membranes, 462 
nerves, 948 
spaces, 189 

vein, left superior, 729 
right superior, 731 
veins, 731 

Intercostales extern!, 462 
intemi, 462 

Intercostalis suprema artery, 
642 

Intercostobrachial nerve, 949 
Intercrural fascia, 472, 1218 
fibres, 472 

Intercuneiform articulations, 
428 

Interfoveolar ligament of 
Hesselbach, 477 
Interglobular spaces, 1105 
Interior of cerebral hemis- 
pheres, 852 
of skull, 260 

of urinary bladder, 1206 
of uterus, 1233 

Interlobar arteries of kidneys, 
1199 

fissures of cerebral hemis - 
pheres, 844 

Interlobular arteries of kidney, 
1199 

plexuses, 1188 
veins of kidney, 1199 


Intermediate cell-mass, 52, 54 
Intermetacarpal articulations, 
396 

Intermetatarsal articulations, 
429 

Intermuscular septa of arm, 
503 

Internal capsule, 859 
Intemodal segment, 38 
Interoceptive sensory impulses, 
874 

Interorbitonasal part of skull, 
72 

Interossei, of foot, 565 
of hand, 526 

Interosseous artery, common, 
658 

dorsal, 659 
recurrent, 660 
volar, 658 

membrane, antibrachial, 388 
crural, 420 

nerve, dorsal or posterior, 946 
volar or anterior, 942 
Interparietal bone, 200 
Interpeduncular fossa, 825, 842 
ganglion, 827 

Interphalangeal joints, 397 
applied anatomy of, 398 
Interpnbic fibrocartilaginous 
lamina, 400 

Intersegmental neurons, 790 
septa, 68 

Intersigmoid fossa, 1146 
Interspinal ligaments, 361 
Interspinales, 461 
Interstitial keratitis, 1008 
lamellae, 20 

Intertarsal articulations, 424 
Intertragic notch, 1022 
Intertransversarii, 461 
Intertransverse ligaments, 361 
Intertrochanteric crest, 320 
line, 320 

Intertubercular plane, 1133 
sulcus, 283 

Intertubular capillaries of kid- 
ney, 1199 

stroma of kidney, 1199 
Intervenous tubercle, 582 
Interventricular foramen, 863 
Intervertebral fibrocartilages, 
358 

applied anatomy of, 359 
structure of, 359 
foramina, 164 
veins, 733 

Intervillous space, 63 
Intestinal glands, 1160 
lymphatic trunk, 750, 765 
villi, 1158 

Intestine, surface mar kin gs of, 
1285, 1286 

Intestine, large, 1102 
caecum, 1163 
appendix or vermi- 
form process of, 1163 
colon, ascending, 1165 
descending, 1167 
iliac, 1167* 

sigmoid or pelvic, 1168 
transverse, 1166 
rectum, 1168 
anal canal or pars analis 
recti, 1169 

applied anatomy of, 1175 
colic valve of, 1164 
divisions of, 1162 


Intestine, I4rge, glands of,*1171 
lymphatics *of, 770* 
structure g>f, 1170 
tsenise of, 1170 
vessels and serves of, 1171 
Intestine, small, 1153 
duodenum, 1154 
ileum, 1156 
jejunum, 1156 

aggregated lymphatic nod- 
ules of, 1160 

applied anatomy of, 1172 
circular folds of, 1158 
glands of, 1160* 
lymphatics of, 759, 1162 
Meckel’s diverticulum of, 57 
1156 

mesenteric part of, 1156 
Peyer’s glands of, 1160 
solitary lymphatic nodules 
of, 1160 

structure of, 1157 
valvulse conniventes of, 1158 
vessels and nerves of, 1161 
villi of, 1158 

Intestinum crassum, 1162 
tenue, 1153 
mesenteriale, 1156 
Intracartilaginous ossification, 
22 • 

Intra-epithelial plexus of 
cornea, 997 - * 

Intrafusal fasciculi, 1050 
fibres, 1050 

Intrajugular process, 199 
Intralobular arteries of 
kidneys, 1199 

Intralobular veins of liver, 741, 
1188 

of kidney, 1199 

Intramembranous ossification, 
22 

Intraparietal sulcus of Turner, 
847 

Intrapulmonary bronchi, 1089 
Intrathyreoid cartilage, 1061 
Intravenous infusion, 727 
Intrinsic muscles of tongue, 
1116 

Involucrum, 25 
Involuntary muscle, 32 
Iodothyrin, 1245 
Iridial angle, 995 
applied anatomy of, 1009 
Iris, 999 

applied anatomy of, 1009 
colour of, 1000 
structure of, 1000 
vessels and nerves of, 1001 
Irregular bones, 164 
tubule of kidney, 1197 
Irritation of cervical sym- 
pathetic, 982 
Ischial spine, 309 
Ischio capsular ligament, 406 
Ischiocavemosus, in female, 
492 

in male, 489 
Ischiorectal fossa, 486 

applied anatomy of, 486 
Ischium, 309 
body of, 309 
rami of, 310 
spine of, 309 
tuberosity of, 310 
Island of Reil, 849 
Islands, blood, 109 
of Langerhans, 1180 
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Islets, interalveolar, of pan- 
creas, ;iso „ 

Isthmus, aortic, 1^1, 601 
of auditory tube, 1031 
of external acoustic meatus, 
1024 

faucium, 1118 
■of limbic lobe, 850 
of prostate, 1223 
rhombencephali, 90, 800 
of thyreoid gland, 1245 
of uterine tube, 1230 
of uterus, 1232 

Iter chordae anterius, 911, 1028 
posterius, 911, 1027 
Ivory or dentine, 1104 

Jacobson, nerve of, 917, 1034 
vomeronasal cartilage of, 
229, 988 

organs of, 81, 988 
Jejunal arteries, 670 
Jejunum, 1156 

lymphatic vessels of, 770 
Jelly of Wharton, 12, 61 
J oints. See Articulations. 

Juga alveolaria, 230 
Jugal point. 270 
JuguLr ;.i "<■!'. venous, 712 
foramen, 25U, 263 
fossa, 212 

ganglion^ ofiglossopharyngeal 
nerve, 916 
of vagus nerve, 917 . 
lymphatic trunks, 750, 754 
nerve, 974 
notch, 185, 199 
process, 199, 251 
surface, of temporal bone, 
212 

vein, anterior, 712 
external, 712 
applied anatomy of, 713 
surface marking of, 1272 
internal, 713 

applied anatomy of, 714 
bulbs of, 713 
surface marking of, 1272 
posterior external, 712 
primitive, 112, 125 
Jugulo-digastric lymph-glands, 
754 

Jugulo -omohyoid lymph- 
glands, 754 

Jugum sphenoidale, 206 
Junction, sclerdcorneal, 994 
Junctional tubule of kidney, 
1197 

Karyokinesis, 2 
Karyomitome, 2 
Karyoplasm, 2 
Kataphase, 3 
Keratin, 7, 1053 
Keratitis, interstitial, 1008 
Keratohyalin, 6, 1053 
Kerekring, ossific centre of, 
200 

Kidneys, 1192 

applied anatomy of, 1199 
blood-vessels of, 1198 
calyces of, 1194 
capsule of Bowman, 1197 
convoluted part of, 1196 
cortical substance of, 1196 
development of, 156 
floating, 1199 
glomeruli of, 1197 


Kidneys (cojiL) 
horse-shoe shaped, 1199 
lymphatic vessels of, 772 
Malpighian bodies of, 1197 
medullary substance of, 1195 
minute anatomy of, 1196 
movable, 1199 
nerves of, 1199 
paranephric body, 1195 
relations of, 1192 
renal artery, 674, 1198 
fascia, 1195 
pelvis, 1193 
pyramids, 1195 
sinus, 1194 
tubules, 1196 
structure of, 1195 
surface marking of, 1289 
veins of, 741, 1199 
Klumpke’s paralysis, 946 
Knee-joint, 410 
I applied anatomy of, 419 
bursse near, 415 
movements of, 416 
surface anatomy of , 1 305, 1 309 
Knobs, basal, of Engelmann, 5 
Knot, Hensen’s, 50 
Krause, end-bulbs of, 1048 
membrane of, 30 
Kupffer, stellate cells of, 1188 
Kyphosis, 184 

Labbe, posterior anastomotic 
vein of, 716 
Labia cerebri, 852 
majora, 1238 
commissures of, 1238 
minora, 1238 

frenulum or fourchette of, 
1239 
oris, 1094 

Labial artery, inferior, 614 
superior, 614 
commissure, 1094 
glands, 1094 
groove, primary, 133 
secondary, 133 
nerves, posterior, 967 
superior, 897 

Labiogingival lamina, 1106 
Labioteetal furrow, 1106 
Labrum, glenoidal, of shoulder- 
joint, 380 
of hip-joint, 406 
Labyrinth or internal ear, 1035 
membranous labyrinth, 
1039 

development of, 106 
osseous labyrinth, 1036 
development of, 106 
vessels of, 1048 ! 

of ethmoidal bone, 221 j 

Lacertus fibrosus, 504 ; 

Laciniate ligament, 560 
Lacrimal apparatus, 1018 
applied anatomy of, 1022 
development of, 105 
artery, 626 
bone, 225 
lesser, 226 
ossification of, 226 
caruncle, 1018 
crest, anterior, 232, 258 
posterior, 225, 258 
ducts or canals, 1019 
ampullae of, 1019 
development of, 105 
fascia, 1020 
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Lacrimal fossa, 2 IS, 225, 233 
257, 25S 
glands, 1018 

drv**!--.r-r:> n‘ of, B»5 
xrm-lur- ■ f. 10 ID 
accessory, 1018 
groove, 225 
hamulus, 225 
nerve, 893 
notch, 230 
papilla?, 1016 

process of inferior nasal 
concha, 225 
puncta, 1019 
sac, 1020 

development of, 105 
structure of, 1020 
tubercle, 233 

Lacrimo -ethmoidal suture, 258 
Lacriuiomaxillary suture, 258 
Lacteals, 745, 77*0, 1162 
Lactiferous ducts, 1241 
Lacuna magna of met lira, 1210 
musculorum, 531 
vasorum, 531 
Lacunas of bone, 20, 21 
laterales, 717 
of urethra, 1210, 1211 
venous, of dura mater, 717 
Lacunar ligament, 473 
Lacus lacrimal is : 1016 
Lagaena, 1042 
Lambda, 270 

Lambdoid suture, 216, 247, 
251, 254, 260 

Lamella, articular, of bone, 351 
Lamellae of bone, 20 
circumferential, 20 
interstitial, 20 
primary, 20 
secondary, 20 
Lamellar cells, 9 
Lamina affixa, 861 
alar or dorsal, 83 
anterior elastic, of cornea, 
996 

basal or ventral, 85 
basalis, 998 
choriocapiilaris, 998 
cribrosa, of ethmoidal bone, 
220, 260 

cribrosa solerre, 994 
of cricoid cartilage. 1061 
dental, 1106 
dentogingival, 1106 
dorsal or alar, 85 
iaterpubic fibrocartilaginous, 
400 

labiogingival, 1106 
medullary, lateral, 834 
medial, 834 

osseous ■ spiral, of cochlea, 
1038 

papvracea, of ■ ethmoidal 
bone, 222, 258 

perpendicuiaris, of ethmoidal 
bone, 221, 265 

posterior elastic, of cornea, 
996 

reticular, 1045 
secondary spiral, 1038 
suprachorioidea, 994, 997 
terminaiis, 93, 838, 841 
vaseulosa, 998 
ventral or basal, 85 
Laminae, nasal, 79 
of cerebral cortex, 867 
development of, 869 
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Laminae of lentiform nucleus, 
858 

medullary, of tlialamus, 834 
pterygoid, of sphenoidal bone, 
' 204, 250 

of thyreoid cartilage, 1060 
of vertebrae, 165 
Laminectomy, 1S5 
Langerhans, islands of, 1180 
Langhans, layer of, 49, 64 
Langley’s ganglion, 1100 
Lantermann, segments of, 38 
Lanugo, 161 

Large intestine, 1162 ( see also 
under Intestine, large) 
Laryngeal artery, inferior, 641 
superior, 610 
nerve, recurrent, 920 
superior, 919 
external branch, 920 
internal branch, 919 
part of pharynx, 1124 
prominence, 1060 
saccule, 1068 

Laryngopharyngeal nerves, 974 
Larvucrotomy. 1076 
1 -:i ry i 1 ■ >, n u* ! i ■ I groove, 1 45 
tube, 145 
Larynx, 1059 

actions of muscles of, 1070 
applied anatomy of, 1076 
cartilages of, 1059 
arytsenoid, 1062 
cricoid, 1062 
comiculate, 1062 
cuneiform, 1062- 
epiglottis, 1062 
thyreoid, 1059 
cavity of, 1065 
conus elasticus of, 1065 
development of, 145 
elastic membrane of, 1064 
entrance to, 1066 
glands of, 1061 
joints of, 1063 

ligaments and membranes of, 
1064 

lower part of, 1068 
lymphatic vessels of, 757, 1071 
middle part of, 1066 
mucous membrane of, 1071 
muscles of, 1069 
rima glottidis of, 1067 
surface anatomy of, 1260 
ventricle of, 106S 
appendix to, 1068 
ventricular folds of, 1066 
vessels and nerves of, 1071 
vestibule of, 1066 
vocal folds of, 1067 
Lateral cerebral fissure, 99, 845 
curvature of vertebral 
column, 183 
ligaments of liver, 1185 
of uterus, 1234 
parts of occipital bone, 199 
mass of ethmoidal hone, 221 
mesoderm, 52 
sacral arteries, 684 
sinuses, 719 
ventricles, 853 
Latissimus dorsi, 493 
Lawn-tennis arm, 508 
leg, 558 

Layer, ependymal, 85 
Henle’s, 1056 
Huxley’s, 1056 
of Langhans, 49, 64 


Layer ( cont .) 

granular, of Tomes, 1105 
limiting or boundary of 
decidua, 63 
mantle, 85 
marginal, 85 
of nerve -fibres, 1003 
pigmented, of retina, 1003 
of rods and cones, 1005 
scleratogenous, 68 
Lead poisoning, 1095 
Left atrioventricular orifice, 586 
atrium, 585 

oblique vein of, 128, 576 
auricula, 581 

vena cava, ligament of, 128, 
576, 709 
ventricle, 585 
posterior vein of, 708 
Leg, fascia of, 549 

deep transverse, 549, 553 
muscles of, 548 
Lemniscus or fillet, 805, 828 
decussation of, 805 
lateral, 829, 914 
nucleus of, 915 
medial, 829 
Length, basinasal, 270 
of face, 271 
of skull, 270 
Lens, crystalline, 1006 
applied anatomy of, 1009 
axis of, .1007 
capsule of, 1006 
changes produced in, by age, 
1007, 1008 
development of, 104 
equator of, 1007 
poles of, 1007 
radii lentis, 1007 
structure of, 1007 
suspensory ligament of, 1006 
vascular capsule of, 104 
vesicle, 102 

Lenticular nucleus, 858 
glands of stomach, 1152 
process of incus, 1032 
Lentiform nucleus, 858 
Leptorhine skulls, 271 
Leucocytes, 27 
Leucoderma, 14 
Levator anguli oris, 441 
ami, 485 

glandules thyreoideee, 1245 
menti, 441 
palati, 1120 

palpebrse superioris, 1010 
prostatse, 485 
scapulae, 495 
veli palatini, 1120 
Levatores costarum, 463 
prostatae, 1224 
Lieberkuhn, crypts of, 1160 
Lien, 1252 
Lienal artery, 669 

applied anatomy of, 669 
plexus, 9§0 
recess, 1140 
vein, 742 

Lienorenal ligament, 1139, 1253 
Ligament or ligaments — 
accessory, plantar, 430 
volar, 396 

acromioclavicular, 376 
alar, 367 
of ankle, 420 

annular, anterior, of ankle, 
558, 559 


Ligament oi*ligaments (cortf.) 
annular, external, 5g0 
internal, 560 
of base o*f stapes, 1033 
of proximal radio-ulnar 
joint, 387 

of wrist, anterior, 518 
posterior, 519 

anterior, of head of fibula* 
420 

of lateral malleolus; 420 
of malleus, 1033 
of uterus, 1233 
anterior longitudinal, 357 
antibrachial interosseous 
membrane, 388 
of apex of dens, 367 
arcuate, of diaphragm, 465 
arcuate popliteal, 413 
retinaculum of, 413 
pubic, 400 

articular disc, of sterno- 
clavicular joint. 375 
of ii<To:ui-t( !;u iciibir joinr* 
376 

of distal radio -ulnar joint* 
388 

atlanto-occipital membrane,, 
anterior, 366 
posterior, 366 
of auditory ossicles, 1033 
of auricula or pinna, 1023 
bifurcated, 426 
calcaneocuboid part of, 426 
calcaneonavicular part of* 
426 

of bladder, 1204 
broad, of uterus, 1136, 1138* 
1234 

calcaneocuboid, dorsal, 426 
plantar, 426 
calcaneofibular, 423 
calcaneonavicular, plantar* 
427 

calcaneotibial, 422 
caroticoclinoid, 206 
carpometacarpal, dorsal, 395 
interosseous, 396 
volar, 395 
of carpus, 393 
check, 367 
of eye, 1013 

collateral, of carpus, 393 
of elbow- joint, 384, 385 
of digital joints of hand* 
397 

of foot, 429 
of knee-joint, 413 
of metacarpophalangeal 
joints, 396 

of metatarsophalangeal 
joints, 430 
of wrist- joint, 392 
conjugal, 369 
conoid, 377 

conus elasticus of larynx* 
1065 

of Cooper, 473 
coraco -acromial 377 
coracoclavicular, 376 • 

coracohumeral, 379 
coronary, of knee, 415 
of liver, 1134, 1185 
costoclavicular, 375 
costocoracoid, 498 
costotransverse, 369 
eostoxiphoid, 372 
cotyloid, 406 
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Ligament or ligaments (coni) 
crico-a^ytsenoid, posterior, 

1063 

crico tracheal, 1064 
crico thyreoid^ middle, 1065 
cruciate, of atlas, 366 
crural, 559 
of knee, 414 

crural interosseous mem- 
brane, 420 

of Cruveilhier, 396, 430 
cuboideonavicular, 428 
cuneocuboid, 428 
cuneonavifcular, 427 
deep, of tarsus, 427 
deltoid, 422 
calcaneotibial, 422 
talotibial, anterior, 422 
posterior, 422 
tibionavicular, 422 
denticulate, 885 
digital vaginal, 510, 563 
dorsal carpal, 519 
radiocarpal, 391 
elastic membrane of larva x, 

1064 

of elbow, 383 
radial collateral, 385 
ulnar collateral, 384 
of epididymis. 1213 
fuieiVoTTg of ! her, 1134, 1185 
fibrocartilaginous disc of 
sacrococcygeal symphysis, 

fibular collateral, of knee- 
joint, 413 
short, 413 
flava, 300 

fundiform, of penis, 470, 
1221 

gastrocolic, 1135 
gastrolienal, 1139, 1253 
gastropancreatic, 1 140 
gastrophrenic, 1148 
Gimbernat’s, 473 
glenohumeral, 379 
glenoid, of Cruveilhier, 396, 
430 

of shoulder- joint, 380 
glenoidal labrum, of hip- 
joint, 406 

of shoulder-joint, 380 
hepatoduodenal, 1134, 1141, 
1185 

hepatogastric, 1134, 1141, 

1185 

hepatorenal, 1134, 1185 
of Hesselbach, 477 
of hip -joint, 404 
humeral, transverse, 380 
hyo -epiglottic, 1063 
hyothyreoid, 1064 
membrane, 1064 
iliofemoral, 405 
iliolumbar, 398 
iliotrochanteric, 405 
of incus, 1033 

inferior transverse, of ankle- 
joint, 420 
of scapula, 37S 
infundibulopelvic, 1234 
inguinal, 473 
reflected, 473 
interarticular, of ribs, 368 
sternocostal, 371 
intercarpal, 393 
interehondral, 372* 
inter clavicular, 375 I 


Ligament or ligaments (cant) 
interclinoid,"206 
intercuneiform, 428 
interfoveolar, 477 
intermetacarpal, 396 
intermetatarsal, 429 
interosseous of distal tibio- 
fibular joint, 420 
interpubie fibrocartilaginous 
lamina, 400 
interspinal, 361 
intertransverse, 361 
intervertebral fibrocarti- 
lages, 358 
ischiocapsular, 406 
of knee-joint, 410 
laciniate, 560 
lacunar, 473 
of larynx, 1064 
of malleus, 1033 
lateral, of liver, 1185 
lateral or broad, of uterus, 
1136, 1138, 1234 
of left vena cava, 128, 576, 
709 

lienorenal, 1139, 1253 
of liver, 1185 
long plantar, 426 
longitudinal, anterior, 357 
posterior, 35S 
lumbocostal, 369 
of Mackenrodt, 1234 
of malleus, 1033 
medial palpebral, 439 
membrana sterni, 371 
tectoria, 366 

menisci of knee-joint, 414 
metacarpophalangeal, 396 
accessory volar, 396 
collateral, 396 

metatarsophalangeal, 430 j 

accessory plantar, 430 I 

collateral, 430 j 

middle erico thyreoid, 1065 I 

middle umbilical, 1205 
mucosum, of knee, 411 j 

of neck of rib, 369 
nnchfe, 361 
oblique cord, 3S7 
oblique popliteal, 413 
occipito -axial, 367 
odontoid, 367 
orbicular, 387 
of ovary, 1226 
palpebral, lateral, 1017 
medial, 1017 
patellar, 411 
retinacula, 410 
pectinate, of iris, 997 
peronceal retinacula, 560 
pbrenicocolic, 1144, 1167 
pfirenicopericardiac, right, 
740 

of pinna or auricula, 1023 
pisohamate, 393 
pisometaearpal, 393 
plantar, long, 426 
short, 426 
accessory, 430 
calcaneonavicular, 427 
posterior crico -arytsenoid, 
1063 

of head of fibula, 420 
of incus, 1023 
of knee, 413 
of lateral malleolus, 420 
longitudinal, 358 
of uterus, 1234 I 
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! Ligament or ligaments (emit.) 

! Poupart’s, 473 

pterygospinous, 200, 448 
pubic, arcuate, 400 
superior, 400 
pubocapsular, 405 

*pl ; -f ! ic. «S4, 1205 
puhm-muy, ! \;.i 
quadrate, 387 

radial collateral, of elbow- 
joint, 385 
of wrist -joint 392 
radiate, 368 
sternocostal, 371 
radiocarpal, 391 
of radio-ninar joints, 387. 
388 

recto-uterine, 1234 
reflected inguinal, 473 
retinacula, of hip- joint, 404 
of patella, 410 
peronjcal, 560 

retinaculum, of arcuate pop- 
liteal ligament, 413 
rhomboid, 375 
round, of liver, 1186 
of uterus, 1 234 
sacrococcygeal , 361 
fibroeart ilage , 36 1 
sacrogenital, 1 234 
sacro-iliac, anterior, 398 
398 

s.iiT..-iv. .■ .:sj -ri-.". 398 
short posterior, 398 
sacroseiatie, great, 399 
small, 399 
sacrospinous, 399 
sacrotuberous, 399 
falciform process of, 399 
of scapula, 377 
semilunar tibro-eartilages of 
knee-joint, 414 
of shoulder-joint, 378 
sphenomandibu iar, 356 
spmogienoid, 378 
spring, 427 
stellate, 368 
sternn clavicular, 374 
sternocostal, radiate, 371 
sternopericardia c , 57 0 
strum me .4, 35 i 
stylohyoid, 452 
stylomandibular. 356 
subpubie. 4 IK » 
superim-, of malleus, 1033 
superior transverse, of 
scapula, 377 
suprascapular, 377 
supraspinal, 360 
suspensory, of axilla, 496 
of eye, 1013 
of lens, 1000 
of mamma, 496, 1241 
of ovary, 1226 
of penis, 1222 
sutural, 351 

talocalcaneal, anterior, 424 
interosseous, 425 
lateral, 424 
medial, 425 
posterior, 424 
t al on a v ic u la r, 425 
talofibular, anterior, 422 
posterior, 422 
talotibial, anterior, 422 
: posterior, 422 ■ 
tarsometatarsal, 428 
of tarsus, 424 to 428 
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Ligament or ligaments { cont .) 
temporomandibular, 356 
tendo oculi, 439 
teres, of hip -joint, 408 
of liver, 594, 742, 1134,1186 
thyreo -epiglottic, 1062 
tibial collateral, of 'knee- 
joint, 413 
tibiofibular, 420 
tibionavicular, 422 
transversale colli uteri, 1234 
transverse acetabular, 406 
of atlas, 364 
crus inferius, 3§4 
superius, 364 
carpal, 518 
crural, 558 
humeral, 378 
inferior, 420 
of scapula, 378 
of knee, 415 
metacarpal, 396 
metatarsal, 429 
of pelvis, 489 
superior, of scapula, 377 
trapezoid, 376 
triangular, of liver, 1185 
of urethra, 489, 490 
of tubercle of rib, 370 
• ulnar collateral, of elbow- 
joint, 384 

of wrist-joint, 392 
umbilical, lateral, 678, 1205 
middle, 1205 
of urinary bladder, 1204 
uterosaoral, 1234 
of uterus, 1233 
ventricular, of larynx, 1066 
of vertebral arches, 360 
bodies, 357, 35S 
vocal, 1067 
volar carpal, 518 
accessory, 396 
of carpometacarpal joints, 

395 

of intercarpal joints, 393 
of intermetacarpal joints, 

396 J * 
radiocarpal, 391 

of white fibrous tissue, 351 
of Wrisberg, 415 
of wrist- joint, 390 
Y-shaped, of Bigelow, 405 
of yellow elastic tissue, 351 
of Zinn, 1012 

zona orbicularis of hip-joint, 
404 

Ligamenta flava, 360 
suspensoria of mamma, 496, 
1241 

Ligamentous action of muscles, 
355 

_ applied anatomy of, 355 
Ligamentum annulare baseos 
stapedis, 1033 
apicis dentis, 367 
arteriosum, 594 
carpi radiatum, 393 
conjugale, 369 
comiculopharyngeum, 1064 
cruciatum atlantis, 366 
denticulat-um, 885 
mucosum, 411 
nuchae, 361 
patelke, 411 
teres femoris, 406 

hepatis, 594, 742, 1134, 
1186 


Ligamentum transversale colli 
uteri, 1234 

venosum, 594, 742, 1186 
Ligature of — 

abdominal aorta, 666 
axillary artery, 645 
brachial artery, 649 
carotid artery, common, 607 
external, 609 
internal, 625 
dorsalis pedis artery, 703 
femoral artery, 692 
glut-seal arteries, 685 
hypogastric artery, 678 
iliac artery, common, 678 
external, 685 
internal, 678 
innominate artery, 603 
jugular vein, internal, 714 
lingual artery, 612 
popliteal artery, 697 
radial artery, 655 
subclavian artery, 634 
tibial artery, anterior, 701 
posterior, 704 
ulnar artery, 657 
Lightning pains, 877 
Ligulae, 823 
Limbic lobe, 850 
Limbs, development of, 82 
development of arteries of, 
123 

pre-axial and postaxial bor- 
ders of, 82 

Limbus fossae ovalis, 582 
laminae spiralis, 1042 
Limen nasi, 986 
Limiting or boundary layer of 
decidua, 63 

membranes of retina, 1005 
Line or lines — 
arcuate, of ilium, 306 
contour, of Owen, 1105 
curved, of ilium, 307, 308 
Dobie’s, 30 
Frommann’s, 38 
glutaeal, of ilium., 307, 308 
Hensen’s, 30 
intercondyloid, 323 
intertrochanteric, 320 
mylohyoid, 241 
Nelaton’s, 1308 
nuchal, 196, 254, 255 
oblique, of fibula, 331 
of mandible, 241 
of radius, 290 
of thyreoid cartilage, 1061 
pectineal, 321 

■ perpendicular, of ulna, 293 
nop! heal, of tibia, 328 
of Schreger, 1105 
spiral, of femur, 321 
temporal, 206, 215, 217, 247, 
251 

white, of pelvic fascia, 484 
Linea alba, 480 
aspera, 32JL 
nuchse suprema, 196 
quadrata, 320 
semicircularis, 478 
splendens, 884 
Linese semilunares, 480 
Lingua, 1111 
Lingual artery, 611 

applied anatomy of, 612 
branches of glossopharyn- 
geal nerve, 917 
gyrus, 848 


Lingual lym£>h -glands, 752 • 
nerve, 902 * # 

swellings, lateral, 134 
tonsil, 1112, 1119 
veins, 714 # 

Linguiform lobe of liver, 1191 
Lingula of cerebellum, 815 
mandibulse, 242 
of sphenoidal bone, 201 
Linguofacial vein, 131 
Linin, 2 

Lip, rhombic, 91 
tympanic, 1042 
vestibular, 1042* 

Lips, 1094 
Liquor n urn ii. 61 
foliicuii, 1228 
secondary, 1229 
sanguinis or plasma, 26 
Lissauer, fasciculus of, 795 
Littre, urethral glands of, 1210 
Liver, 1181 

applied anatomy of, 1190 
bare area of, 1184 
bile-duct, 1189 
cells, 1187 
cystic duct, 1189 
development of, 143 
ducts, 1188 

excretory apparatus of, 1188 
fossse of, 1182 
gall-bladder, 11,89 r , 
hepatic artery, 667, 11S8 
duct, 1188 
veins, 741, 1186 
ligaments of, 1185 
lobes of, 1184 
lobules of, 1187 
lymphatic vessels of, 771 
portal vein, 742, 1187 
structure of, 1186 
surface markings of, 1286 
surfaces of, 1184 
vessels and nerves of, 1186 
Lobes of cerebellum, 814 
of cerebral hemisphere, 846 
frontal, 846 
insula, 849 
limbic, 850 
occipital, 848 
olfactory, 851 
parietal, 847 
quadrate, 848 
temporal, 848 
of hypophysis, 839 
of liver, 1184 
caudate, 1184 
left, 1184 
linguiform, 1191 
quadrate, 1184 
Riedel’s, 1191 
right, 1184 
Spigelian, 1184 
of lungs, 1087 
of prostate, 1223 
of thymus, 1248 
of thyreoid gland, 1244, 1245 
Lobule or lobules — 
of auricula, 1022 
biventral, 817 
paracentral, 847 
parietal, inferior, 848 
superior, 848 

quadrangular, of cerebellum, 
815 • 

semilunar, inferior, 817 
superior, 816 

Lobules of epididymis, 1214 
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LoJbules of liver, U87 
Lobuli testis, 1213 
Lobulos centrafis, 815 
Lobus clivi, 815 " 
culminis, 815 
noduli, 816 ^ 
pyramidalis, 817 
semilunaris, 816 
tuberis, 817 
uvulae, 817 

Lockwood, superior tendon of, 
1012 

suspensory ligament of. 1013 
Locomotor^taxy, 877 
Locus cseruleus, 805, 824 
Long bones, 163 
buccal nerve, 900 
ciliary nerves, 894 
or internal Saphenous nerve, 
957 

plantar ligament, 426 
root of ciliary ganglion, 894 
subscapular nerve, 938 
thoracic artery, 647 
nerve, 937 

Longissimus capitis, 458 
cervicis, 458 
dorsi, 458 

Longitudinal arc of skull, 270 
cerebral fissure, 843, 1263 
fasciculi of pons, 813 
fasciculus, inferior, 867 
medial *or posterior, 806, 
827 

superior, 866 
ligament, anterior, 357 
, posterior, 358 
sinus, inferior, 718 
superior, 717 

striae, lateral and medial, 852 
sulci of heart, 578 
Longitudinalis linguae inferior, 
1116 

superior, 1116 
Longus colli, 454 
capitis, 454 
Loop of Henl£, 1197 
Lordosis, 184 

Lower extremity, arteries of, 
687 


Lumbar vein, ascending, 741 
veins, 740 
vertebrae, 172 
additional centres for, 181 
Lumbocostal arch, lateral, 465 ' 
medial, 465 
ligament, 369 
Lumbodorsal fascia, 457 
Lumbo-inguinal nerve, 953 
Lumbosacral trunk, 951 
Lumbrieales muscles, of foot, 
564 

of hand, 526 
Lunate hone, 299 

ossification of, 305 
surface of acetabulum, 312 
j Lung-buds, 145 
Lungs, 1084 

applied anatomy of, 1091 
development of, 145 
fissures and lobes of, 1087 
lymphatic vessels of, 778 
roots of, 1088 
structure of, 108S 
surface markings of, 1279 
vessels and nerves of, 1089 
Lunula of nail, 1055 
Lunulse of semilunar valves, 
585, 587 

Luteal cells, 1229 
Luys, nucleus of, 838 
Lymph, 29 
capillaries, 29 
path or sinus, 747 
sacs, 131 

Lymphangitis, 748 
Lymph-gland or glands, 746 
" applied anatomy of, 748 
of abdomen and pelvis, 768 
of abdomen, parietal, 763 
visceral, 765 
aortic, 764, 765 
auricular, anterior, 751 
posterior, 751 
axillary, 759 
applied anatomy of, 760 
bronchial 776 
broncho -pulmonary, 776 
buccinator, 752 
cervical, anterior, 753 


T 


I 


articulations of, 398 
bones of, 306 
fascia and muscles of, 530 
lymph-glands of, 761 
lymphatic vessels of, 763 
surface anatomy of, 1302 
markings of, 1308 
veins of, 733 
visual centres, 836, 841 
Lower, tubercle of, 582 
Lowest splanchnic nerve, 977 
Lumbar arteries, 676 
abscess, 533 ; 
aponeurosis, 457 
curve of vertebral column, 
* 183 

enlargement of medulla spi- 
nalis, 787 
lymph-glands, 764 
lymphatic trunks, 750, 765 
nerves, anterior divisions of, 
951 

posterior divisions of, 930 
plexus, 952 

applied anatomy of, 967 
puncture, 883 
regions of abdomen, 1133 
triangles 493 

■ <3, A. ' ■ ■ 


deep, 754 j 

applied anatomy of, 
757 

superficial, 753 
of Cloquet, 762 
cystic, 766 

deltoideopectoral, 759 
diaphragmatic, 775 
epigastric, inferior, 764 * 
facial, 752 
deep, 752 

gastric, inferior, 766 
superior, 765 
germ-centres of, 747 
of head, 751 
hepatic, 766 
hypogastric, 764 
ileocolic, 767* 
iliac, circumflex, 764 
common, 763 
external, 763 
infrahyoid, ‘753 
infra-orbital, 752 
inguinal, 762 

applied anatomy of, 762 
intercostal, 775 
jugulo -digastric, 754 ‘ 
jugulo-omohyoid, 754 
2 ij 


of lower extremity, 761 
lumbar, 764 
mammary, internal, 775 
mediastina 1, anterior. 776 
posterior, 776 
mesenteric, inferior, 768 
superior, 766 

applied anatomy of, 
7 67 

mesocolie, 767 
of neck, 752 
obturator, 764 
occipital. 75! 



pararectal, 768 
pa rat metier 1 !. 754 
parirm! <<: abdomen and 
pelvis, 763 
. of thorax, 775 
parotid, 751 
popliteal, 701 

applied anatomy of, 762 
pre-aoriie, 765 
prelaryngeal, 753 
pretracheal, 753 
pulmonary, 776 
retro-aortic, 765 
retropharyngeal, 752 
of Rosenmulier, 762 
sacral, 764 

Stahr, middle lymph-gland 
of, 753 
sternal, 775 
structure of, 746 
subaortic, 763 
subinguinal, 762 
applied anatomy of, 762 
submaxillary, 753 
submental, 753 
subpvloric, 706 
suprahyoid, 753 
supramandibular, 752 
supratrochlear, 758 
of thorax, parietal, 775 
visceral, 776 
tibial, anterior, 761 
tracheal, 776 
tracheobronchial, 776 
applied anatomy of, 777 
of upper extremity, 758 
deep, 759 
superficial, 758 
vesical, 772 

visceral, of abdomen and 
pelvis, 765 
of thorax, 775 

Lymph-space, perichorioidal, 
994 

episcleral, 1013 
Lymphatic duet, right, 750 
nodules, aggregated. 1160 
solitary, 1160, 1171 
system, 745 
development of, 131 
trunks, bronchomediastinal, 
750, 776 

intestinal, 750, 765 
jugular, 750,, 754 
lumbar, 750 
subclavian, 750, 760 
Lymphatic vessels, 29, 745 
of abdomen and pelvis, 768 
parietal, 768 
visceral, 769 
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Lymphatic vessels ( coni .) 

of abdominal viscera, 769 
of abdominal wall, 768 
afferent, 747 

of anal canal and rectum, 1 
771 

of anus, 771 

applied anatomy of, 748 
of auricula and external 
acoustic meatus, 754 
of bile-duct, 771 
bronchomediastinal 
trunks, 750, 765, 776 
of caecum, 770 
chyliferous vessels or lac- 
teals, 745, 770 
cisterna chyli, 750 
of colon, 770 
deep, 748 

development of, 131 
of diaphragm, 777 
of digestive tube (sub- 
diaphragmatic portion), 
769 

of ductus deferens, 773 
of duodenum, 769 
efferent, 747 
of external genitals, 769 
of face, 754 
of gall-bladder, 771 
of head and neck, 754 
of heart, 77S 
of ileum, 770 
intestinal trunk, 750, 765 
of jejunum, 770 
jugular trunks, 750, 754 
of kidney, 772 
lacteals or chyliferous 
vessels, 745, 770 
of larynx, 757 
of liver, 771 
of lower extremity, 763 
deep, 763 
superficial, 763 
lumbar trunks, 750 
of lungs, 778 
of mamma, 777 
of mouth, 755 
of nasal cavities, 755 
of neck, 757 
of oesophagus, 778 
of ovary, 774 
of palatine tonsil, 755 
of pancreas, 771 
of perinseunv 769 
of pharynx, 757 
of pleura, 778 # 

of prostate, 772 
pulmonary, 778 
of rectum, 771 
of reproductive organs, 
773 

right lymphatic duct, 750 
of scalp, 754 
of spleen, 771 
of stomach, 769 
structure of, 745 
subclavian trunks, 750 
superficial, 748 
of suprarenal gland, 771 
of .teeth, 755 
of testis, 773 
thoracic duct, 748 
applied anatomy of, 750 
of thoracic viscera, 778 
wall, deep, 777 
superficial, 777 
of thymus, 778 


Lymphatic vessels ( cont . ) 
of thyreoid gland, 757 
of tongue, 756 
of tonsil, 755 
of upper extremity, 760 
deep, 760 
superficial, 761 
of ureter, 772 
of urethra, 773 
of urinary bladder, 772 
of urinary organs, 771 
of uterine tube, 774 
of uterus, 774 
of vagina, 774 
of vermiform process, 770 
vesical, 772 

of vesicular seminales, 773 
Lymphocyte, 28 
Lymphoid tissue, 12 
Lymph-vascular system, 569 
Lyra of fornix, 862 

Mace wen, suprameatal triangle 
of, 206 

Mackenrodt, ligament of, 1234 
Macrocyte, 28 

Macula acustica sacculi, 1040 
utriculi, 1039 
cribrosa media, 1036 
inferior, 1037 
superior, 1036 
lutea, 1002, 1005 
structure of, 1005 
Magma reticule, 49 
Majendie, foramen of, 823, 
882 

Malar bones, 239 
Male genital organs, 1212 

bulbo-urethral glands, 158, 
1226 

ductus deferens, 1216 
ejaculatory ducts, 1218 
epididymis, 1212 
penis, 1220 
prostate, 1223 
spermatic cord, 1218 
testes, 1212 

vesiculse seminales, 1217 
pronucleus, 46 
urethra, 1208 

cavernous portion, 1209 
membranous portion, 1209 
prostatic portion, 1208 
Malleolar arteries, 701, 702, 
705 

arterial networks, 702 
folds, anterior and posterior, 
1028 

sulcus, 330 

Malleolus, lateral, 332 
medial, 330 
Malleus, 1031 
cog-tooth or spur of, 1032 
development of, 108 
head, 1031 
ligaments of, 1033 
manubrium, 1033 
neck, 1033* 
ossification of, 1033 
process, anterior, 1032 
lateral, 1032 
processus brevis, 1032 
gracilis, 1032 

Malpighian bodies of kidney, 
1197 

of spleen, 1255 
Mamillary bodies, 838 
processes of vertebrae, 174 


Mamillotegm®ntal fasciculus, 
838 # 

Mamillothalamic fasciculus, 
834, 838, 802 
Mamma, 1240 

applied anatokiy of, 1242 
development of, 84 
ligamenta suspensoria of, 
496, 1241 

lymphatic vessels* of, 777 
papilla or nipple of, 1241 
areola of, 1241 
structure of, 1241 
tubuli lactiferi of# 1242 
vessels and nerves of, 1242 
Mammary artery, internal, 638 
applied anatomy of, 640 
external, 647 

branches of intercostal arte- 
ries, 664 

lymph-glands, internal, 775 
papilla or nipple, 1241 
veins, internal, 729 
Mandible, 240 
alveolar part of, 241 
angle of, 242, 257 
applied anatomy of, 273, 357 
articulation of, 355 
body of, 241 

changes in, due to age, 244 
condyloid process of, 243 
coronoid process of,, 242 
fracture of, 273 * 
ossification of, 243 
ramus of, 242 
Mandibula, 240 
Mandibular arch, 76 
branch of facial nerve, 912 
canal, 243 
foramen, 2&2 
fossa, 207, 250, 253 
joint, 355 

applied anatomy of, 357 
surface anatomy of, 1258 
nerve, 900 
notch, 242 
symphysis, 241 
Mantle layer, 85 
Manubrium mallei, 1032 
stemi, 185 

Margin, falciform of fossa 
ovalis, 534 
Marginal layer, 85 
gyrus, 847 ' * 

sinus of placenta, 66 
veins of foot, 733 
of heart, 708 
Margins, of heart, 580 
supra-orbital, 217 
Marrow', red, 18 
yellow, 18 
Marrow- -cells, 19 
Marshall, oblique vein of, 128, 
576, 709 

vestigial fold of, 128, 576, ?09 
Martino tti, cells of, 869 
Massa intermedia, 94, 833, 842 
Masses, lateral of atlas, 168 
lateral, of ethmoidal bone, 
221 

Masseter, 444 
Masseteric artery, 619 
nerve, 900 

Mastication, muscles of, 444 
Masticatory nerve, 900 
Mastoid air-sinuses, 209, 1030 
antrum , 209, 1 030 
entrance to, 1030 
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Masloid branch of occipital i 
artefy, 615 * 
canaliculus, 21?, 251 
emissary vein, 724 
fonticulus, 208 

foramen, 208, 251, 255, 2G4 I 
notch, 209, 250 
portion of temporal bone, 
208 ’ 

process, 20S, 25*3 
Maternal portion of placenta, 
65 

Matrix of ai^olar tissue, 7 
of dentine, 1104 
of nail, 1054 
Maturation of ovum, 42 
Mature ovum, 42, 43 
Maxilla, 230 
air-sinus of, 231 
applied anatomy of, 273 
alveolar process of, 233 
antrum of Highmore, 231, 
992 

applied anatomy of, 232 
body of, 230 

changes in, due to age, 235 
excision of, 273 
fracture of, 273 
frontal process of, 232 
o^iiicaiiori of, 235 
palatine process of, 234 
zygomatic 'process of, 232 
Maxillary air-sinus, 231, 992 
applied anatomy of, 232 
surface anatomy of, 1264 
artery, external, 612 

applied anatomy of, 614 
peculiarities of, 614 
internal, 616 
nerve, 895 
inferior, 900 

process, of inferior nasal 
concha, 225 
of foetus, 77, 79 
of palatine bone, 237 
tuberosity, 230 
vein, internal, 711 
Meatus, external acoustic, 212, 
1024 

applied anatomy of, 1026 
cartilaginous portion, 1024 
development of, 108 
isthmife of, 1024 
osseous portion, 1025 
primary, 108 
secondary, 108 
internal acoustic, 210, 264 
Meatuses of the nose, 223, 265, 
266, 987 

Mechanism of deglutition, 1122 
of pelvis, 401 
of respiration, 468 
of thorax, 372 
Meckel’s cartilages, 77, 243 
diverticulum, 57, 1156 
ganglion, 898 

Media, refracting of eye, 1006 
Medial geniculate body, 835 
longitudinal fasciculus, 806, 
827 

wall of nasal cavity, 265, 988 
Median antibrachial vein, 727 
artery, 659 
basilic yem, 725 
cubital vein, 725 
nerve, 940 

applied anatomy of, 947 
surface marking of, 1302 

G.A. 


Mediastinal arteries, from thor- ; 
acia aorta, 663 
from internal mammary, 
040 

cavity, 1080 

applied anatomy of, 
1084 

ardori-r. 1**82 i 

posterior, 1083 
superior, 1082 

iyiu ji md-. anterior, 776 ; 

i.MWs'-r.. r, 776 | 

pUmru. In 79 
subpleural plexus, 640 
Mediastinum testis, 1213 
Medulla of hair, 1050 
Medulla oblongata, SOD, SOI 
anterior region of, 801 
applied anatomy of, 811 
arcuate fibres of, S05, 811 
closed part of, 800 
development of, 91 
fasciculus cuneatus of, 805 
gracilis of, 805 
fissures and sulci of, 800 
formatio reticularis of, 811 
grey substance of, 806 
lateral region of, 802 
olive of, 802 
open part of, 800 
posterior region of, 802 
pyramid of, 801 
pyramidal decussation, 
802 

restiform bodies of, 808 
sensory decussation, 805 
structure of, 803 
Medulla ossium flava, 18 
rubra, 18 

Medulla spinalis, 784 

applied anatomy of, 798 
central canal of, 788 
columns of grey substance 
of, 788 

development of, 85 
enlargements of, 786 
filum terminale of, 785 
fissures of, 787 
funiculi of, 788, 793 
grey substance of, 788 
internal structure of, 788 
ligamentum denticulatum 
of, 885 

meninges of, 877 

applied anatomy of, 
883, 884 

f . * nerve-cells in, 790 
nerve-fasciculi of, 793 
roots pf spinal nerves, 797 
sulci of, 787 
veins of, 733 
wbfte substance of, 792 
Medullary arteries, 637 
cavity, 18, 163 
laminae of lentiform nucleus, 
858 

of thalamus, 834 
membrane of bone, 18 
portion of suprarenal gland, 
1251 

rays of kidney, 1196 
segments of nerves, 38 
sheath of nerve-fibres, 38 
spaces of bone, 24 
substance of kidney, 1195 
velum, anterior, 817, 823 
posterior, 817, 823 
.2.17:2 


MeduIIated nerve-fibres, 37 
Meganopliallo skid Is, 269 
Me gaka ry< jc y tes , 1. 9 
Megaset lie skulls, 271 
Meibomian glands, 101,7 
Mo issuers plexus, 1162 
tactile corpuscles, 1050 
Melanin, 13 * 

Membrana limit ans externa, 

1005 

interna, 1005 
papillaris, 104, 1001 
sterni, 371 

Membrana teetoria, 367 
Me mbrane , aceesau rv tectorial, 
1046 

antibrachial interosseous, 388 
arachnoid, 881 
atlanto -occipital, anterior, 
366 

posterior, 366 
basilar, In 13 
zona areuata, 1043 
pectinata, 1043 
bucconasal, 79 
buccopharyngeal, 50, 133 
cloacal, 50, 142 
costocoracoid, 498 
crieotbyreoid, 1065 
crural interosseous, 420 
elastic, of larynx, 1064 
fenestrated, 12 
hyaloid, 1006 
hyoglossal, 1117 
hyothyreoid, 1064 
intercostal, anterior, 462 
posterior, 462 
interosseous, antibrachial, 
388 

crural, 420 
of Ivrause, 30 
medullary, of bone, 18 
of Nasmyth, 1109 
nuclear, 2 
obturator, 544 
pleuropericardial, 149 
pleuroperitoneal, 149 
pupillary, 104, 1001 
of Reissner, 1041 
secondary tympanic, 1029, 
1038 

of Shrapnell, 1028 
tectorial, of ductus coch- 
learis, 1046 
accessory, 1046 
tympanic, 1028 
structure of, 1028 
vestibular, 1041 
vitelline, 42 
Membranes — 
basement, 12 

of brain and medulla spinalis, 
877 

closing, 76 
foetal, 58 
intercostal, 462 
of larynx, 1064 
Membranous labyrinth, 1039 
basilar membrane, 1043 
development of, 106 
ductus coeblearis, 1041 
saccule, 1040 
semicircular ducts, 1040 
spiral organ of Gorti, 1044 
utricle, 1039 
portion of urethra, 1209 
ventricular septum, 5$0 
vertebral column, 68 
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Meniere’s disease, 1048 
Meningeal artery or arteries, 
accessory, 619 
anterior, 626, 628 
from ascending pharyn- 
geal, 611 
middle, 618 

applied anatomy of, 618 
surface marking of, 1264 
from occipital, 614 
posterior, 611 
recurrent, from lacrimal, 
627 

from vertebral, 637 
branch of spinal nerve, 928 
nerve, middle, 896 
nerves from hypoglossal, 925 
from vagus, 919 
sinuses, middle, 723 
veins, middle, 723 
Memugrs of brain and medulla 


>77 

‘ a ••»»<•;•, :i 881 
dura mater, 877 
pia mater, 884 
Meningitis, acute spinal, 884 
Meningocele, 271 
Menisci, 16, 353 
of knee-joint, 414, 415 
Mental foramen, 241, 257 
canal, 243 
nerve, 903 

protuberance, 241, 257 
spines, 241 
tubercle, 241, 257 
Mentalis, 441 
Meroblastic ova, 48 
Mesamceboids, 109 
Mesaticephalic skulls, 271 
Mesencephalic root of trige- 
minal nerve, 813, 893 
nucleus of, 831 

Mesencephalon, 53, 93, 799, 825 
Mesenteric artery, inferior, 672 
superior, 669 

arteries, applied anatomy of, 

embolism of, 673 
ganglion, inferior, 981 
superior, 981 

lymph-glands, inferior, 768 
superior, 766 

part of small intestine, 1156 
plexuses of nerves, 981 
vein, inferior, 743 
superior, 743 
Mesenteries, 1143 
mesentery proper, 1143 
posterior common, 138 
sigmoid mesocolon, 1144 
transverse mesocolon, 1144 
Mesenteriole of vermiform pro 
cess, 1143 

Mesocardium, arterial, 576 
venous, 576 

Mesocephalic skulls, 269 
Mesocolic fossa, 1145 
lymph-glands, 767 
Mesocolon, foetal, 141 
pelvic, 1135 
sigmoid, 1137 
transverse, 1144 
Mesoderm, 51 
formation of, 49 
lateral, 52 
paraxial, 52 
somatic, 52 
splanchnic, 52 


Mesogastrium, dorsal, 138 
ventral, 137, 142 
Mesognathic skulls, 271 
Mesonephros, 149 
Mesorchium, 153, 154 
Mesorhine skulls, 271 
Mesosalpinx, 1234 
Mesoseme skulls, 271 
Mesovarium, 153, 1226 
Metacarpal arteries, dorsal, 656 
volar, 656 
bones, 302 
fifth, 304 
first, 303 
fourth, 304 
second, 303 
third, 304 

applied anatomy of, 306 
common characteristics of, 
302 

individual characteristics 
of, 303 

ossification of, 306 
ligament, transverse, 396 
veins, 724, 727 

Metacarpophalangeal articula- 
tions, 396 
Metacarpus, 302 
Metanephros, 156 
Metaphase of karyokinesis, 3 
Metatarsal arteries, 703, 707 
Metatarsal bones, 344 
fifth, 346 
first, 345 

applied anatomy of, 
431 

fourth, 346 
second, 345 
third, 345 

common characteristics of 
344 

fracture of, 349 
individual characteristics 
of, 345 

ossification of, 348 
ligament, transverse, 429 
veins, 733, 736 

Metatarsophalangeal articula- 
tions, 430 
Metatarsus, 344 
Metathalamus, 94, 835 
Metencephalon, 90, 800 
Metopic suture, 217 
Meynert, basal optic nucleus 
of, 838 

fasciculus retroflexus of, 836 
fountain decussation of, 831 
substantia innominata of, 
860 

Microcephalic skulls, 269 
Microcytes, 26 

Microfilaria nocturna, 748, 750 
Mieroseme skulls, 271 
Mid-brain, 53, 93, 799, 825 
Mid-carpal joint, 393 
Middle ear, 1027 
Migration of muscles, 83 
Milk-ridge, 84 
Milk-teeth, 1101, 1104 
Miosis, 877, 891 
Mitochondrial sheath, 44 
Mitosis, 2 
heterotypical, 3 
homotypical, 3 
Mitral cells, 872 
valve, 586 

Moderator hand, 584 
Modiolus of cochlea, 1037 


Modiolus, spiral canal of, 1037 
Molar glands, l r 094 ° 

teeth, 1104" 

Molecular layer of cortex of 
cerebellum, 820 
Moles, 14 

Monakow, rubrospinal fascicu- 
lus of, 794 
Monaster, 2 
Monorchism, 1215 
Monro, foramen of, 842, 863 
sulcus of, 93, 842 
Mons pubis or Veneris, 1238 
Monticulus, 815 
Morgagni, hydatid of, 153, 1212, 
1230 

rectal columns of, 1170 
sinus of, 1126 
Morula, 49 
Moss-fibres, 821 

Motor area of cerebral cortex, 
870 

decussation, 800, 874 
end-plate, 782 

fibres of posterior nerve - 
roots, 790* 
nerves, 7S1 

neurons, lower and upper, 
874, 877 
paralysis, 876 
tract, principal, 87$ 
secondary, 87"4 
Mouth, 1093, 1266 
angle of, 1094 
cavity proper of, 1094 
development of, 132 
lymphatic vessels of, 755 
mucous membrane of, 1094 
muscles of, 440 
orifice of, 1094 
rima of, 1094 
vestibule of, 1094 
Movable articulations, 353 
kidney, 1199 
vertebra?, 164 

Movements of auditory ossicles, 
1033 

permitted in joints, 354 
angular, 354 
circumdu ction , 354 
gliding, 354 
rotation, 355 
Mucinogen, 5 
Mucoid tissue, 12 
Mucous glands of tongue, 1 1 1 7 
sheaths, 352 

of tendons around ankle, 560 
on back of wrist, 519 
on front of wrist, 519 
Muller, sustentacular fibres of, 
1005 

palpebral muscle of, 1010 
Mullerian ducts, 151 
eminence, 151 

Multangular bone, greater, 300 
ossification of, 305 
lesser, 300 
ossification of, 305 
Multicuspids, 1104 
Multifidus, 460 
Muscle or muscles — 
of abdomen, 469 
abductor hallucia, 562 
digiti quint-i (foot), 563 
(hand), 526 
indicis, 526 
pollieis brevis, 523 
longus, 516 
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iviuscie or muscles {coni.) 
accessorius, of back, 458 
of foot, 563 2 
actions of, 434 
adductor brevis, 539 
hallucis, 565 
longus, 539 
magnum, 539 
minimus, 539* 
poilicis, 524 
of anal region, 486 
anconams, 515 
anterior arural, 549 
anterior femoral, 533 
anterior vertebral, 454 
antero- lateral, of abdomen, 
469 

of antero-lateral region of 
neck, 447 

ant ibracbial, dorsal, 513 
volar, 507 
antitragieus, 1024 
aponeuroses of, 435 
applied anatomy of, 434 
of arm, 503 

arrectores pilorum, 1057 
art ieu laris genus, or sub- 
cm reus, 537 
aryepiglottieus, 1 069 
arytaenoideus nblit puis, 1069 
trail*? versus. 1069 
of auricula or pinna, 1023 S 

auricularis, anterior, 1024 I 

posterior, 1024 
superior, 1024 

axillary arch, 495 | 

azygos uvula:*, 1 120 j 

biceps braehii, 503 j 

bunt iris, 547 
biventer eervieis, 460 
brachial is, 503 
brachialis ant ieu, s, 503 
braehinradialis, 513 
bronchial, 1 089 
buccinator, 142 | 

buJboeavernosus, 489, 491 
eaninus. 4,41 • 

cardiac, 33 

cervical, superficial and 
lateral, 419 

eervieatis aseem tens, 4 58 
cluindi'i "jIossica, 11 16 
ci liar is, 105, 999 
eoeeygeuK, 485 
columns, 30 
cmnpicxus, 460 
compressor naris, 440 
constrictor pharyngis in- j 
ferior, 1125 
mod ius, 1 126 
superior, 1 1 26 
urethra*, 490 

coracobrachial is, 503 i 

co rru gator, 439 
eorrugator cutis ani, 486 
<? re master, 475 

eneoarvt amoideus la tend is, j 
1069 

* posterior, 1069 • 

cricothyreoideus, 1069 j 

erurcus, 537 
eucullaris, 493 
•deop, of back, 456 
cleltoidmis, 500 
depressor septi, 440 
anguli oris, 441 
development of, 83 
diaphragm, 464 


Muscle or muscles ( coni .) 
digastricus, 451 
dilatator naris, anterior, 440 
posterior, 44.0 
pupilke, 1000 
tuba?, 1031 
Dobie’s line of, 30 
dorsal antibrachial, 513 
dorsal of foot, 560 
dorsoepitrochlearis braehii, 
495 

ejaculator u rinse, 489 
endomysium of, 29 
epicranius, 436 
epimysium of, 29 
erector clitoridis, 492 
penis, 489 

spina? or sacros pinal is, 457 
extensor carpi radialis brevis, 
514 

longus, 513 
ulnaris, 515 
coeoygis, 461 

(ligiti quinti proprius, 514 
digitorum brevis, 560 I 
communis, 514 
longus, 550 
hallucis brevis, 560 
longus, 550 
indicis proprius, 517 
ossis metacarpi poilicis, ! 
5 1 6 

poilicis brevis, 516 
longus, 51.6 
of eyelids, 438 
fasciculi of, 29 
fibres, development of, 33 
first plantar interosseous, 
565 

first volar interosseous, 524 
fixation, 434 
flexor accessorius, 563 
carpi radialis, 508 
ulnaris, 509 

digiti quinti brevis, of j 
foot, 565 | 

of hand, 526 

flexor digitorum brevis, 563 j 
longus, 554 
profundus, 510 
sublimis, 509 
hallucis brevis, 565 
!" neus, 553 
poj!ii*U lewis 523 
longus, 51 1 
of foot, 560 
of forearm, 507 
form of, 433 
frontalis, 437 
gastroene rn i us, 55 1 
gemellus inferior, 546 
superior, 540 
gcnioglossus, U15 
geiiioliynidcus. 453 
til* \ palatum-i, 1 120 
of glut seal region, 541 
gluticus maxinms, 541 
median* 542 
minimus, 542 
gracilis, 538 
of hand, 518 
of head, 436 
helteis major, 1024 
minor, 1.024 
Bunsen's line of, 30 
hyoglossus, U 15 
of iliac region, 530 
iliaeus, 532 


Muscle or muscles {coni.) 
iliococcygeus, 485 
iliocostalis eervieis, 458 
dorsi, 458 
lumborum, 458 
iliopsoas, 532* 
iliosac rails, 485 
incisivus labii inferioris, 443 
superioris, 4430 
infraspinatus, 50 1 
insertion, of, 434 
intereostales, 462 
intermediate volar, 526 
interossei, of foot, 565 
of hand, 526, 527 
interspinales, 460 
intertrans versari i , 460 
involuntary, 32 
ischiocavemosus, 489, 492 
Krause’s membrane of, 30 
of larynx, 1009 
lateral crural, 556 
vertebral, 455 
volar, 523 

latissirnus dorsi, 493 
of leg, 549 

applied anatomy of, 558 
levator anguli oris, 441. 
levator ani, 485 

glandule* thyreoidea*, 1 245 
menti, 441 

palpebne su peri oris, 10 10 
pn istaia*, 485 
scapula*, 495 

veli palatini (it; vat or pa- 
lati), 1 120 

leva to res cost arum, 463 
prostata*, 1224 
kmgissimus capitis, 458 
eervieis, 458 
dorsi, 458 

! o 1 1 <j i t u ( 1 i n a 1 i s 1 in g 1 1 a* in f e r ior , 
1116 

superior, 1 1 16 
longus capitis, 454 
colli, 454 

of lower extremity, 530 
lumbricales, of foot , 564 
of hand, 526 
masse! er, 444 
of mastication, 441 
meaning of the terms 
S1 origin ” and " inser- 
tion 11 of, 434 
medial femoral, 538 
volar, 525 
mental is, 441 
migration of, 83 
of mouth, 440 
of M tiller, 1010 
multifidus, 460 
myloli voideiis, 453 
nasal is, 440 
nasolabial is, 4 43 
of nose, 440 

obliques auriculas 1024 
capitis inferior, 462 
superior, 462 
e\teruus abdominis, 471 
hit emus abdominis, 474 
uc uli inferior, 1012 
superior, 1.012 
o btu rain r e x te rn us, 5 44} 
intern us, 544 
occipitalis, 437 
occipit c tfronl alis, 436 
ocular, 1010 
oinohyoideus, 454 
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Muscle or muscles (cont) 
opponens digiti quinti 
of foot, 565 
of hand, 526 
pollicis, 523 
orbicularis oculi, 438 
oris, 443 
orbit alis, 1013 
origin of, 434 
of palate and fauces, 1120 
palatoglossus, 1120 
palatopharyngeus, 1121 
palmaris brevis, 525 
longus, 508 

palpebral, of Muller, 1010 
pectineus, 538 
pect oralis major, 496 
minor, 498 
of pelvis, 482 
of perinseum, 486 
peronseus brevis, 557 
longus, 556 
tertius, 551 

pharyngopalatinus, 1121 
of pharynx, 1125 
of pinna or auricula, 1024 
piriformis, 543 
plain, 32 

plantar, first layer, 562 
fourth layer, 565 
second layer, 563 
third layer, 565 
plantaris, 553 
plate, 68 
platysma, 449 
popliteus, 553 
posterior, of abdomen, 481 
crural, 551 
femoral, 547 
procerus, 440 
pronator quadratus, 512 
teres, 508 
psoas ma.jor, 531 
minor, 532 

pterygoideus externus, 445 
internus, 446 
puboanalis, 485 
pubococcygeus, 485 
puborectalis, 485 
pubovesical.es, 1207 
pyramidalis abdominis, 479 
nasi, 440 

quadratus femoris, 546 
labii superioris, 440 
inferioris, 441 
lumborum, 481 
plantse, 563 

quadriceps femoris, 536 
recti of eyeball, 1011 
rectococcygeal, 1171 
rectovesicalis, 1207 
rectus abdominis, 477 
capitis anterior, 455 
anticus major, 444 
minor, 455 
lateralis, 455 
posterior major, 461 
minor, 462 
rectus femoris, 536 
rhomboideus major, 495 
minor, 495 
of Riolan, 438 
risorius, 444 
rotatores, 460 
sacrospinalis, 457 
salpingopharyngeus, 1127 
sarcolemma, 30 
sarcomere, 31 


Muscle or muscles (cont) 
sarcoplasm, 30 
sarcostyles, 30 
sarcous element of, 31 
sartorius, 535 
scalenus anterior, 455 
medius, 456 
posterior, 456 
of scalp, 436 
semimembranosus, 547 
semispinalis capitis, 460 
eervicis, 460 
dorsi, 460 

semitendinosus, 547 
serratus anterior, 499 
magnus, 499 
posterior inferior, 464 
superior, 464 
of shoulder, 500 
soleus, 552 

sphincter ani externus, 487 
internus, 487 
pupillae, 1000 
recti, 485 

urethrae membranacese, 
490, 492 

vaginas, 491, 1228 
vesicse, 1207 
spinalis capitis, 460 
eervicis, 460 
dorsi, 458 

splenius capitis, 457 
eervicis, 457 
stapedius, 1033 
sternocleidomastoideus, 449 
sternohyoideus, 453 
sternothyreoidcus, 453 
striped, 29 
structure of, 29 
vessels and nerves of, 31 
styloglossus, 1116 
stylohyoideus, 452 
stylopharynge us, 11 26 
subanconeus, 507 
subclavius, 498 
subcostales, 463 
suberureus or articularis 
genus, 537 
suboccipital, 461 
subscapularis, 501 
superficial and lateral cervi- 
cal, 449 
supinator, 516 
brevis, 516 
longus, 513 

supra- and infrahyoid, 451 
supraspinatus, 501 
suspensory, of duodenum, 
1156 

synergic, 434 
temporalis, 444 
tendons of, 435 
tensor fasciae latae, 534 
tarsi, 438 
tympani, 1033 
vcli palatini (tensor palati), 
1120 * 

teres major, 502 
minor, 502 
of thigh, 533 
of thorax, 462 
thy reoary taeno ideus, 1 069 
thyreoepiglotticus, 1070 
thyreohyoideus, 453 
tibialis anterior, 550 
posterior, 555 
of tongue, 1114 
trachealis, 1075 


Muscle or musejes (cont.) 
trache lo m as to ide us , 4 5 8 
tragieus, 1054 
transversalis eervicis, 458 
transversus abdominis, 476 
auricula 1 , 1024 
ling use, 11.16 
menti, 441 
nucha 1 , 437 
pedis, 565 

perinoei profundus, 490, 
492 

s u perfic ialis, A 88, 49 1 
thoracis, 463 
trapezius, 193 
triangularis, 441 
sterni, 463 
triceps brad lit, 506 
sum, 552 
of trunk, 456 
of tympanic cavity, 1033 
of upper extremity, 492 
of ureters, 1 207 
unstriped, 32 

of urogenital region (female), 
491 

(male), 487 
uvula?, 1120 
vastus intermedins, 537 
lateralis, 536 
medialis, 537 
ventricularis, 10(59 
vertebral, anterior, 454 
lateral, 455 
verticalis lingua*, 11 16 
vocal is, 1070 
volar antibrachial, 507 
voluntary, 29 
zygoma tieus, 441 
Muscle -sense, 874 
Muscular fibres of heart, 588 
process of arytamoid carti- 
lage, 1062 
sense, area for, 87 1 
tissue, 29 
cardiac, 33 

striped or voluntary, 29 
unstriped, plain or in- 
! voluntary, 32 

triangle of neck, 621 
ventricular septum, 580 
! Musculi papil lares of left ven- 
tricle, 587 

of right ventricle, 584 
pectinati of left auricula, 
585 

of right auricula, 581 
pubovesicales, 1 207 
Musculocutaneous nerve of 
arm, 938 
of leg, 966 

Musculophrenic artery, 640 
Museulospiral groove* 283 
nerve, 944 

applied anatomy of, 947 
Musculus accessorius, 458 
cucullaris, 493* 
incisivus labii inferioris, 443 
superioris, 443 * 

nasolabialis, 443 
rectovesicalis, 1207 
suspensorius duodeni, 1 156 
uvula?, 1120 

Myelencephalon, 90, 800 
Myelitis, spinal, 798 
Myelocytes, 19 
Myeloplaxes, 19 
Myenteric plexus, 1162 
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Mylohyoid artery, G19 
groove, 242 * 

line, £41 • 

nerve, 902 # 

Mylohyoideus, 453 
Myocardium, £87 
Mvocnel, 54. 68 
Myology, 433 

Naevi, 14 • 

Nail-fields, primary, 85 
Nail matrix, 1054 
Nails, 1054 
development of, 85 
Naves, 98-1, 986 

Nasal apertures, anterior, 256, 
266 

posterior, 266 
artery, dorsal, 628 
lateral, 614 
posterior lateral, 620 
bones, 226 
fracture of, 273 
ossification of, 227 
capsule, dwell » pinout of, 75 
cartilages. 984, 985 
cavities, 262, 986 
applied anatomy of, 992 
lymphatic vessels of, 755 
mucous membrane of, 989 
nerves of, 990 
olfactory region of, 987, 
989 . “ 

respiratory region of, 987 
989 

vessels of, 990 
vestibule of, 986 
concha, inferior, 224 
ossification of, 225 
middle, 222 
superior, 223 
crest, 234 
duct, 1020 
index, 271 
lamina', 79 

mucous membrane, 989 
nerve or nerves, from 
anterior ethmoidal, 894 
from anterior superior al- 
veolar, 897 

external, from maxillary, 
897 

posterior inferior, from an- 
terior palatine, 899 
posterior superior, from 
sphenopalatine ganglion, 
899 

notch of frontal bone, 217 
of maxilla, 230 

Nasal part of frontal bone, 217 
of pharynx, 1122 
process of frontal bone, 217 < 
processes of Indus, 79 
septum, 265, 988 
spine, anterior, 230,235, 256 ; 
* posterior, 236, 249 
surface of maxilla, 231 
venous arch, 710 
Nasal is, 440 
Xasiou, 269 

Nasmyth's membrane, 1 109 
Nasociliary nerve, 894 
Nasolabial sulcus, 1094 
Nasolahiaiis, 443 
Nasolacrimal canal, 258, 266 
duct, 1020 

development of, 105 
Naso-optic furrow, 79, 105 


Nasopalatine nerve, 899 
groove, 227 
recess, 988 
Nasopharynx, 1122 
Navicular bone of carpus, 298 
ossification of, 305 
of tarsus, 341 

ossification of, 347 
fossa, 1239 

Neck, lymph-glands of, 752 
lymphatic vessels of, 757 
muscles of, 447 
surface anatomy of, 1271 
triangles of, 620 
veins of, 712 

Neck of rib, ligament of, 369 
Necrosis, acute infective, of 
bone, 25 

Nelaton’s line, 1308 
Neopallium, 96 
Nephrectomy, 1200 
Nephrogenic cord, 52 
Nephrolithotomy, 1200 
Nephropexy, 1200 
Nephrotomy, 1200 
Nerve-cells, 34 

axon or axis-cylinder process 
of, 35 
bipolar, 34 

of cerebellar cortex, 820 
of cerebral cortex, 867, 869 
dendrons or protoplasmic 
processes of, 35 
of medulla spinalis, 790 
multipolar, 35 
unipolar, 34 

Nerve-deafness, 915, 1048 
Nerve -endings, free, 1048 
Nerve -fasciculi of medulla 
spinalis, 793 
Nerve- fibres, 37 
of cerebral cortex, 867, 868 
grey or gelatinous, 39 
medullated, 37 
non-medullated, 39 
of Remak, 39 
preganglionic, 779 
post; ganglion ic, 77 9 
white, 37 

Nerve-roots, anterior, 797, 925 
posterior, 797, 925 
Nerve or nerves — 
abducent, 906 
accessory, 929 
obturator, 955 
acoustic, 912, 1046 
development of, 108 
afferent or centripetal, 781 
alveolar, anterior superior, 
897 

middle superior, 890 
posterior superior, 890 
inferior, 902 
anococcygeal , 967 
anterior cutaneous branches 
of thoracic nerve, 949 
crural, 956 
interosseous, 942 
superior alveolar, 897 
thoracic, 938 
tibial, 905 

anti brachial cutaneous, dor- 
sal, 945 
lateral, 939 
medial, 940 
Arnold’s, 919 
auricular, anterior, 901 
great, 932 


Nerve or nerves {cont.) 
auricular, posterior, 911 
of smaller occipital, 932 
of vagus, 919 
auriculotemporal, 901 
autonomic, 781 
axillary, 938 
of Bell, 937 

brachial cutaneous, lateral, 
938 

medial, 940 
posterior, 945 
bronchial, anterior, 921 
posterior, 921 
buccal, of facial, 912 
long, 900 
buccinator, 900 
calcaneal, medial, 963 
cardiac, of sympathetic, 975 
of vagus, 921 

caroticotympanic, 973, 1034 
carotid, of glossopharyngeal, 
917 

internal, 973 
cavernous, of penis, 982 
centrifugal or efferent, 781 
centripetal or afferent, 781 
cerebral, 885 
abducent, 906 
accessory, 922 
acoustic, 913 
development of, 100 
facial, 907 

glosso ph ary ngeal , 915 
hypoglossal, 923 
oculomotor, .889 
olfactory, 885, 990 
optic, 887 
terminal, 885* 
trigeminal, 893 
trochlear, 891 
vagus, 91.7 

cerebrospinal, structure of, 
780 

cervical, anterior divisions 
of, 931 

posterior divisions of, 
928 

cutaneous or transverse, 
933 

of facial, 912 

chorda tympani, 911, 1034 
ciliary, long, 894 
short, 895 
circumflex, 938 
ciunium inferiurcs, 961 
medii, 930 

coccygeal, anterior division 
of, 958 

posterior division of, 930 
cochlear, 914, 1047 
eceliae branches of vagus, 921 
common peromeal, 965 
eomnmnieans fibuiaris, 965 
tibialis, 963 

com mu mean ton ccrvicales, 

934 

crural, anterior, 956 
cutaneous cervical, 933 
internal, 94.0 
lesser internal, 940 
deep branch of radial, 946 
of ulnar, 944 
peromcal, 965 
petrosal, 898, 973 
temporal, 900 
dental, inferior, 902 
deset unions cervicaiis, 934. 
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Nerve or nerves ( cont .) 

descending ramus of hypo- 
glossal, 925 

development of, 88, 100 
digastric branch of facial 
nerve, 912 

of mylohyoid, nerve, 902 
digital, of lateral plantar, 965 
of medial plantar, 964 
of median, 942 
of radial, 946 

of superficial peronseal, 966 
of ulnar, 944 

dorsal antibrachial cutane- 
ous, 945 

branch of ulnar, 944 
of clitoris, 967 
cutaneous, intermediate, 
966 

lateral, 963 
medial, 966 
of penis, 967 
scapular, 937 
of dura mater, 880 
efferent or centrifugal, 781 
'■'nclmcr?, free, 1048 
rnd-('» , j:i r'., special, 1048 
endoneurium of, 780 
epineurium of, 780 
ethmoidal, anterior, 894 
posterior, 895 

to external acoustic meatus, 
901 

external cutaneous, of mus- 
culospiral, 945 
of thigh, 955 
external nasal, 894, 897 
petrosal, 975 
popliteal, 965 
sanhenous. 963 
s ic. 953 
facial, f")T 
femoral, 956 

cutaneous, lateral, 955 
posterior, 960 

first cervical, posterior divi- 
sion, 928 

anterior division, 931 
frontal, 893 
funiculi of, 780 
f ureal, 951 
ganglia, 34, 782 
gastric branches of vagus, 921 
to gemellus inferior and 
quadratus femoris, 958 
to gemellus superior and 
obturator internus, 958 
genitofemoral (genitocrural), 
953 

glossopharyngeal, 915 
glutsea.1, inferior, 960 
superior, 959 
great auricular, 932 
greater occipital, 929 
splanchnic, 976 
superficial petrosal, 898, 
910 

hemorrhoidal, inferior, 966 
hepatic branches of vagus, 
921 

hypoglossal, 923 
iliohypogastric, 952 
ilio -inguinal, 952 
incisive, 903 
inferior dental, 902 
maxillary, 900 
pudendal, 961 
infra-orbital, 896* 


Nerve or nerves ( cont. ) 
infrapatellar, 957 
infratrochlear, 895 
intercostal, 948 

anterior and lateral cuta- 
neous branches of, 949 
in tercosto brachial 949 
intermediate cutaneous of 
thigh, 956 

intermedius of Wrisberg, 907 
internal carotid, 973 
cutaneous, of arm, 940 
lesser, 940 

of musculospiral, 945 
popliteal, 963 
saphenous, 957 
interosseous, anterior, 942 
dorsal, 946 
posterior, 946 
volar, 942 

Jacobson’s, 917, 1034 
jugular, 974 
labial, posterior, 967 
superior, 897 
lacrimal, 893 
laryngeal, recurrent, 920 
superior, 919 
external branch, 920 
internal branch, 919 
laryngopharyngeal, of sym- 
pathe + m, 974 

Ja ! curiume:;:;-! cutane- 
ous, 939 

brachial cutaneous, 938 
cutaneous branches of 
thoracic nerves, 949 
dorsal cutaneous, 963 
femoral cutaneous, 955 
plantar, 964 
lesser splanchnic, 976 
superficial petrosal, 903, 
1034 

fimrual. 902 

of ■_* ! « '!»!:«■; !'\T: JO;! I. 917 

h >:*,2 ciliary. >91 
saphenous, 957 
subscapular, 938 
thoracic, 937 
lowest splanchnic. 977 
lumbar, sm'.eri' :■ divi.ri i\< of, 
95i 

posterior divisions of, 930 
lumbo-inguinal, 953 
lumbosacral trunk, 951 
mandibular, 900 
of facial, 912 
masseteric, 900 
masticatory, 900 
maxillary, 895 
inferior, 900 

medial antibrachial cutane- 
ous, 940 

brachial cutaneous, 940 
calcaneal, 963 
cutaneous of thigh, 956 
plantar, 963 
sural cutaneous, 963 
median, 940^ 

meningeal, of hypoglossal, 
924 

of maxillary, 896 
middle, 896 
of spinal nerves, 928 
of vagus, 919 
mental, 903 
motor, 781 

ending of in involuntary or 
unstriped muscles, 781 


Nerve or nerves (cont.) 

motor, ending of in voluntary 
or striped muscles, *781 
motor cerebri!, 885 
musculocutaneous of arm, 
938 

of leg, 966 
musculospiral, 944 
mylohyoid, 902 
nasal of anterior superior 
alveolar, 897 
external, 894, 897 
internal, 894 
posterior, inferior, 899 
superior, 899 * 
f ro m sph cn o p al a t i n e gam - 
glion, 899 
nasociliary, 894 
nasopalatine, 899 
nervi nervorum, 780 
neuron theory, 784 
obturator, 955 
accessory, 955 

of obturator internus and 
gemellus superior, 958 
of nose, 990 
occipital, greater, 929 
smaller, 932 
third, 929 
oculomotor, 889 
oesophageal, 921 
olfactory, 885, 990 
development of, 1,01 
ophthalmic, 893 
optic, 897 

orbital, their relation, in 
cavernous sinus, 906 
in orbit, 907 
in superior orbital fis- 
sure, 907 

branches of sphenopalatine 
ganglion, 899 
origins of, 781 
palatine, anterior, 899 
middle, 899 
posterior, 899 

palmar cutaneous, of median, 
942 

of ulnar, 944 
palpebral, inferior, 897 
parasympathetic, 779, 928, 
969 

pelvic splanchnic*, 928, 969 
perforating cutaneous, 966 
perinseal, 967 
superficial, 967 
perineurium of, 780 
peripheral terminations of, 
781 

peronoeal anastomotic, 965 
common, 965 
deep, 965 
superficial, 906 
petrosal, deep, 898, 973 
external, 975 

greater superficial, 898, 910 
lessor superficial, 903, 
1034: 

pharyngeal, of glossopharyn- 
geal, 917 

of sphenopalatine gan- 
glion, 900 
of vagus, 91 9 
phrenic, 934 
to piriformis, 959 
plantar, lateral or external, 
964 

medial or internal, 963 
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Nerve or nerves (coat.) 

• plexus. 781 • 

popjjteal, external, 965 
internal, 9£>3 
of pterygoid canal, S9S 
to pterygoideus externus, 900 
internus, 900 
pudendal, 966 
inferior, 961 
pudic, 966 

to quadratus femoris and 
gemellus inferior, 958 
radial, 944 

deep branch, 946 
superficial branch, 946 
rami communicantcs, grey 
and white, 927, 971, 972 
ramus colli, 912 

marginal is mandibuhe, 912 
recurrent (laryngeal), 920 
roots, spinal, 797, 925 
sacral, anterior divisions of, 
958 

posterior divisions of, 930 
saphenous, 957 
external, 963 
internal or long, 957 
scapular, dorsal, 937 
sciatic, 962 
small, 960 

scrotal, posterior, 967 
second cervical, anterior divi- i 
. sion of, 931 ! 

posterior division of, 929 
sensory cerebral, 885 

. short ciliary, 895 
smaller occipital, 932 
special end-organs of, 1048 | 
spermatic, external, 953 
sphenoidal, of otic ganglion,! 

903 “ ' j 

sphenopalatine, of maxillary, I 
896 ' j 

of nerve of pterygoid 
canal, 898 
spinal, 925 

anterior divisions of, 931 
posterior divisions of, 
928 

autonomic fibres of, 928 
connexions with sympa- ’ 
thetie trunks, 927 
development of, 88 
ganglia of, 925 
roots of, 797, 925 
size and direction, 926 
somatic fibres of, 928 
structure of, 927 
spinal accessory, 922 
spun >s us, 900 
splanchnic, greater, 970 
lessor, 976 
lowest, 977 

splanelmies, pelvic, 928, 969 
to stapedius, 910 

* structure of, 780 

to sfylohyoideus, 912 
to stylopharyngcus, 917 
to subelavius, 937 
snboec i pit al . anterior divi- 

* sion of, 931 
posterior division of, 928 

suhscapular, 938 
long, 938 

substance, grey, 34 
white, 34 

superficial branch of radial, 
946 


Nerve or nerves {coni.) 

superficial branch of ulnar, 
944 

peronaeal, 966 
petrosal, greater, 898, 910 
superior labial, 897 
supraclavicular, 933 
supra- orbital, 894 
suprascapular, 937 
supratrochlear, 893 
sural, 963 

cutaneous, lateral, 965 
medial, 963 
sympathetic, 779, 911 
of taste, 984 
temporal, deep, 900 
superficial, 902 
of facial, 912 
tempo ro malar, 896 
terminal, 885 

terminations of motor, 781 
of general sensations, 1048 
third cervical, posterior divi- 
sion of, 929 

thoracic, anterior divisions 
of, 948 
first, 948 

lateral anterior, 938 
long, 937 

medial anterior, 938 
posterior divisions of, 930 
twelfth, 950 
thoracodorsal, 938 
to thyreliyoideus, 925 
tibial, 963 
anterior, 965 
j of tongue, 1.118 
tonsillar, 917 
tracts, chief, 873 
transverse cervical, 933 
trigeminal, 892 
t rochlear, 891 

tympanic, of Ldussopharvn- 
* goal, 917, 1034 
ulnar, 942 
collateral, 945 
of urethral bulb, 907 
vagus, 917 

vasomotor fibres, 780 
vestibular, 913, 1047 
Vidian, 898 
volar digital, 942, 944 
interosseous, 942 
of ulnar, 944 
of Wrisberg, 940 
zygomatic, 896) 
of facial, 912 
zy go m at Ui of ac i a 1 , 896 
zygt j m at i cot ei n } u \ ral , 896 
Nerve-deafness, 915, 104,3 
Nervi erigeutes, 978 
nervorum, 780 
term inales, 885 
Nervous substance, grey, 34 
white, 34 

Nervous system, 779 
autonomic, 779, 969 
parasympathetic, 779, 969 
sympathetic. 779, 969 
cerebrospinal, 779 
cent ral part, 779 
peripheral part, 779 
development of, 85 
Nervous tissue, 33 
Nervua eommu means fibularis, 
965 

tibialis, 963 
f ureal is, 951 
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Nervus intermedins, of Wris- 
berg, 907 

masticatorius, 900 
spinosus, 900 
tentorii, 893 

Network, dorsal carpal, 656, 660 
dorsal venous, 724 
lateral malleolar, 702 
medial malleolar, 702 
pericellular, 36 
plantar cutaneous, 734 
volar carpal, 655, 660 
Neumann, dentinal sheath of, 
1 105 

Neural canal, 52 
crest, 52, 88 
folds, 52 
groove, 52 
tube, 52 

Neurenteric canal, 52 
Neuroblasts, 85 
Neurocentral synchondroses, 
179 

Neuroglia, 34 
i Neurokeratin, 38 
Neurolemma, 39 
Neurology, 779 
Ncuro meres, 785 
Neuromuscular spindles, 1050 
Neuron theory, 784 
Neurons, association or inter- 
segmental, 790 
highest sensory, 876 
intermediate sensory, 876 
lower motor, 874, 877 
lowest sensory, 876, 877 
upper motor, 874, 877 
Neuropore, anterior, 52 
posterior, 52 

i Neurotendinous spindles, 1050 
Neutrophil leucocytes, 28 
j Niche, enamel, 1 108 
j Nidus avis of cerebellum, 817 
i Ninth thoracic vertebra, 172 
I Nipple or mammary papilla, 

! ^ 1241 

Nissl’s spindles, 36 
Node, atrioventricular, 589 
si.no -atrial, 589 
Nodes of Parrot, 273 
of Heberden, 306 
of Ran v it t, 38 
I Nodule of cerebellum, 816 
| Nodules, aggregated lym- 

phatic, 1 160 

solitary lymphatic, 1160, 

1171 

Non-medullated nerve- fibres, 

39 

Norma basal is, 247 
frontalis, 255 
lateralis, 251 
occipitalis, 254 
vertical is, 247 
Normoblasts, 19 
Nose, 984, 1266 

accessory air-sinuses of, 991 
aim of, 984 

alar cart ilages of, 985 
apex of, 984 

applied anatomy of, 992 
arteries of, 986, 990 
base of, 984 

bony framework of, 984 
bridge of, 256, 984 
cartilage of septum of, 984 
cartilaginous framework of, 
984 ' " 
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Nose (cont. ) 
cavities of, 986 
choanse, 986 
columns of, 984 
development of, 78 
dorsum of, 984 
external, 984 
lateral cartilage of, 984 
wall of, 987 
lymphatics of, 755 
meatuses of, 987, 988 
medial wall of, 988 
mucous membrane of, 989 
muscles of, 440 
nares, 986 
nerves of, 990 
olfactory region, 989 
cells, 989 
hairs, 989 

septum mobile nasi, 984 
vessels of, 990 
vestibule of, 986 
Notch, acetabular, 311 
anterior cerebellar, 814 
cardiac, 1087 
ethmoidal, 219 
fibular, 328 
frontal, 217 
intertragic, 1022 
jugular, 185, 199 
lacrimal, 230 
mandibular, 242 
mastoid, 209, 250 
nasal, of frontal bone, 217 
of maxilla, 230 
parietal, 208 
posterior cerebellar, 814 
pre-occipital, 844 
radial, of ulna, 293 
of Rivinus, 1027 
scapular, 277 
sciatic, greater, 309 
lesser, 310 
semilunar, 292 
sphenopalatine, 237, 238 
superior thyreoid, 1060 | 

supra-orbital, 217, 256, 259 
ulnar, of radius, 290 
Notches, cerebellar, 814 
vertebral, 165 
Notochord, 53 
Nuchal fascia, 457 

lines, 196, 254, 255 
Nuck, canal of, 156, 1234 
Nuclear layer of cerebellar 
cortex, 821 
of retina, inner, 1003 
outer, 1004 
membrane, 2 

Nucleated sheath of Schwann, 
37 

Nuclei of acoustic nerve, 814, 
913, 914 

of cochlear nerve, 814, 914 
of glossopharyngeal nerve, 
807, 915, 916 
of oculomotor nerve, 889 
olivary, 808 

of origin of cerebral nerves, 
874 

pontis, 813 

of termination of cerebral 
nerves, 885 

of trigeminal nerve, 813, 829 
of vestibular nerve, 814, 914 
'ucleus of abducent nerve, 813 
of accessory nerve, 912 
ambiguus, 805, 807, 916 


Nucleus (cont.) 
amygdalae, 859 
of animal cell, 2 
arcuatus, 808 
basal optic, 838 
of Bechterew, 814, 914 
caudate, 858 
cervical, 791 
cochlear, 814, 914 
cuneatus, 803 
of Deiters, 814, 914 
dentatus of cerebellum, 821 
dorsal, of medulla spinalis, 
791 

emboliformis, 822 
of facial nerve, 813, 908 
fastigii, 822 
globosus, 822 
gracilis, 803 

of hypoglossal nerve, 806, 
923 

intercalate, 824 
of lateral lemniscus, 915 
lateralis, 805, 811 
lentiform (or lenticular), 858 
of Lnys, 838 

of medial longitudinal fasci- 
culus, 827 

of mesencephalic root of 
trigeminal nerve, 831 
of oculomotor nerve, 831, 8S9 
olivary, accessory dorsal, 808 
inferior, 808 

connexions of, 808 
medial accessory, 808 
superior, 813 

of posterior commissure, 837 

pulposus, 70, 359 

red, 827 

of Roller, 811 

sacral, 791 

commentation. 48 

;eeii, S22 

tractus solitarii, 909, 916 
trapezoid, 813 

of trochlear nerve, 831, 891 I 
of vagus, 807, 917 
vestibular, 814, 914 
Nuel, space of, 1045 
Nuhn, glands of, 1117 
Nutrient artery of bone, 19 
Nutritive yolk, 40 

Obe-lion, 270 
Obex, 823 
Oblique cord, 387 
diameter of pelvis, 314 
inguinal hernia, 1173 
line of the fibula, 331 
of mandible, 241 
of radius, 290 
of thyreoid cartilage, 1061 
popliteal ligament, 433 
ridge of clavicle, 280 
sinus of pericardium, 576 
vein of left atrium, 128, 576, 
709 

vein of Marshall, 128, 576, 709 
Obliquus aurictfla?, 1024 
capitis inferior, 462 
superior, 462 
extemus abdominis, 471 
aponeurosis of, 471 
internus abdominis, 474 
oculi inferior, 1012 
actions of, 1013 
superior, 1012 
actions of, 1013 


♦ 

Obliterated ductus venosus, 742 • 
umbilical vein, 742, 1134 * 
Obliteration of sutures, *269 
Obturator artery, 680 
peculiarities of, 680 
relation of, tp femoral ring, 
680 

crest, 311 
extemus, 546 
foramen, 312 
groove, 311, 312 
internus, 544 
fascia of, 482 
nerve to, 958 
lymph-gland, 764 4 
membrane, 544 
nerve, 955 

applied anatomy of, 968 
accessory, 955 
tubercle, anterior, 312 
posterior, 309, 31.2 
vein, 737 

Obtuse margin of heart, 580 
Occipital artery, 614 
bone, 196 

basilar part of, 198 
foramen magnum of, 199 
lateral parts of, 199 
ossification of, 199 
squama of, 196 
structure of, 199 
condyles, 199, 251 
crest, internal, 197, 204 
fonticulus, 267 
fossae, 190 
groove, 209 
gyri, 848 
lobe, 848 

lymph-glands, 7 5 3 
nerve, greater, 929 
smaller, 932 
third, 929 
j . plate, 71 
point, 270 

protuberance, external, 196, 
251, 254' 
internal, 197 
Occipital sinus, 720 
sulcus, lateral, 848 
transverse, 848 
triangle, 622 
vein, 712 
Occipitalis, 437 
Oceipito -axial ligament, 367 
Occipitofrontal or longit ud inal 
arc of skull, 270 
Occipitofrontal fasciculus, 867 
0 cc i \ ) itof r< >» t u 1 is. 436 
Occipitomastoid suture, 251, 
254, 262 

Ocular muscles, 1010 
applied anatomy of, 1015 
Oculomotor sulcus, 826 
nerve, 889 

applied .anatomy of, 891 
nucleus of, 831 889 
Odontoblasts, 1104, 1109 
Odontoid ligaments, 367 
process of epistropheus or 
axis, 108 
Odontoma, 1111 
(Edema of the glottis, 1076 
(Esophageal arteries, 641, 663 
glands, 1130 

hiatus in diaphragm, 466 
impression on liver, 1185 
nerves, 921 
plexus, 918, 919, 921 
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(Enophagus, 1128* 
abdominal portion of, 1129 
applied anatomy of, 1139 
cervical portion of, 1128 
glands of, 1130 
lymphatic vessels of, 778 
structure of, 1129 
surface marking of, 1279 
thoracie.portion of, 1128 
vessels and nerves of, 1130 
Olecranon, 292 
fracture of, 294, 529 
fossa, 285 

Olfactory bulb, 851, 872 
structure of, .861 
cells, 101, 989 
fasciculus, 862 
groove, 260 
hairs, 989 
lobe, 851 
nerves, 885 

applied anatomy of, 887 
development of, 101 
pits, 78, 79 
plates, 78 

region of nasal, cavities, 987, 
‘989 

strife, 851 

sulcus of frontal lobe, 847 
of nasal cavity, 987 
tract, 851 
tri'iom*. Sp 1 
Olive; 802 

peduncle of, 808 
OJivary nucleus, dorsal ac- 
cessory, 808 
inferior, *808 
medial accessory, 808 
superior, 813 

Olivuispinal fasciculus (Mel* 
weg), 795 

0 1 n cut a l I'm rsa, 1 1 3 6 , 1 1 39 
boundaries of, 1 140 
bursa ma juris, 1 140 
bursa minoris, 1140 
epioloie foramen, or foramen 
of Winslow, 1139 
foramen bursaj majoris, 
1110 

recess, inferior, 1140 
lienal, 1140 
middle, 1140 
superior, 1 140 
septum bursarum, 1 140 
vestibule of, 1140 
Omentum, gust r< >splenie, 1 139 
irreater, 1 142 
lesser, 1135, 1141 
Omohyoideus, 454 
Oocytes, primary, 40 
secondary, 43 
Oogonia, 40 
Ooplasm, 40 

Opening of aorta in left ven- 
. triele, 586 

aortic, in diaphragm, 466 
alriovenf rietilar, left, 586 
right, 5X3 

of coronary sinus, 582 
T»f inferior vena cava, 582 
(esophageal, in diaphragm, 
466 

of pulmonary artery, 583 
veins, 585, 
saphenous, 534 
of superior vena cava, 581 
of thorax, lower, 574 
upper, 574 
a a. 


Opening, vena-caval, in dia- 
phragm, 466 

Openings in diaphragm, 466 
in roof of fourth ventricle, 
823 

Opercula of insula, 849 
Ophrynn, 270 
Ophthalmic artery, 626 
nerve, 893 
veins, 722 
Opisthion, 270 

Opisthotic centre of temporal 
bone, 213 

Opponens digit! quinti, of 
hand, 526, of foot, 565 
pollicis, 523 
Optic axis, 993 
bulb, 102 

chiasma or commissure, 840, 
888 

cup, .102, 1003 
disc, .1002 

foramen, 200, 204, 259, 261 
groove, 200 
nerve, 887 

applied anatomy of, 889 
papilla of, 1 003 
sheaths of, 887 
radiations, 835, 841, 889 
{ recess, 841 
| stalks, 93, 102 
| tracts, 840, 889 
vesicles, 93, 1 01 
| Ora aerrata, 1002, 1005 
i Oral part of pharynx, 1124 
of tongue, ll l l 
; Orbicular ligament, 387 
| Orbicularis oculi, 438 

ciliary bundle of, 438 
lacrimal portion of, 438 
orbital portion of, 438 
palpebral portion of, 438 
pars tarsalis, 439 
tensor tarsi, 438 
oris, 443 

Orbieulus eiliaris, 998 
| Orbital fascia, 101.5 

fissure, inferior, 253, 259 
superior, 203, 259, 261 
gyri, 847 

index, 271 j 

nerves, from sphenopalatine j 
ganglion, 899 
operculum, 849 
part of frontal bone, 218 j 
plates of frontal bone, 218 I 
process of palatine bone, 238 j 
of zygomatic bone, 240 I 
septum, 1017 
sulcus, 847 
; surface of maxilla, 230 
tubercle, 259 
vein, 71 1 

Orbitalis muscle, 1013 
Orbits, 257 

relation of nerves in, 907 ; 

Organ, enamel, 1 108 
of t iiraldes, 1217 
of hearing, 1022 j 

subdivisions of, 1022 j 

of Kosenmuller, 151, 1229 
of sight, 993 i 

of smell, 984 

spiral, of C’orti, 1044 I 

of taste, 983 j 

i Organic reflexes, 877 j 

j Organs, accessory, of the diges* j 
l ■ five tube, 1093 j 

2 v 3 


Organs ( cont .) 

accessory, of the eye, 1010 
chromaffin, 100, 1249 
endocrine, 1243 
genital, of female, 1226 
external, 1238, 1291 
of male, 1212, 1290 
development of, 149, 158 
of Golgi, iu5u 
of the senses, 983 
peripheral, of the special 
senses, 983 
respiratory, 1059 
development of, 145 
urinary, 1191 
urogenital, 1.191 
development of, 149 
vomeronasal, of Jacobson, 
81, 988 

Orifice, aortic, 586 
atrioventricular, left, 586 
right, 582 

cardiac, of stomach, 1146 
of mouth, 1094 
of pulmonary artery, 583 
pyloric, of stomach, 1147 
urethra 1, external, in female, 
1240 

in male, 1210 
internal, 1207 
of uterus, external, 1233 
internal, 1232 
vaginal, 1239 
Orifices of ureters, 1206 
Origin of muscles, 434 
Origin of nerves, 781 
Orthognathous skulls, 271 
Os acetabuli, 313 
ealcis, 339 
capitate m, 301 
cent rale, 305 
eoceygis, 179 
cordis, 587 
cox os, 306 
cuboidcum, 344 
cuneiforme primum, 342 
secundum, 342 
tertium, 313 
ethmoidale, 220 
frontalc, 217 
hamatum, 302 
hyoideum, 246 
ilii, 306 
ala of, 307 
body of, 306 
crest of, 309 

glutei! lines of, 307, 308 
spines of, 309 
tuberosity of, 309 
incisivum, 234 
innominatum, 30 6 
isehii, 309 
body of, 309 
ramus inferior, 310 
superior, 310 
tuberosity of, 310 
hmatum, 299 
magnum, 301 
multangnlum m&jus, 300 
minus, 300 

naviculare maims, 298 
pedis, 341 
occipitalis 196 
pisiforme, 300 
planum of ethmoidal bo 
222 

pubis, 310 
angle of, 31 i 
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Artery or Arteries'*(co?iZ.) 
hypophysial, 626 
ileal of ileocolic* 672 
of superior mesenteric, 670 
ileocolic, 672» 
iliac, common, 676 
external, 685 
internal, 678 

iliac branches of obturator, 
_680 

iliac circumflex, deep, 687 
superficial, 693 
iliolumbar, 682 
inferior alveolar, 619 
articular of knee, 699 
coronary, 614 
dental, 619 
epigastric, 686 
genicular, 699 
glutseal, 682 
hsemorrhoidal, 681 
labial, 614 
laryngeal, 641 
mesenteric, 672 
pancreaticoduodenal, 670 
phrenic, 675 
profunda, 652 
suprarenal, 674 
thyreoid, 640 
inferior tympanic, 610 
ulnar collateral, 652 
vesical, 679 
infra -orbital, 620 
infrascapular, 647 
innominate, 602 * 
intercostal of thoracic aorta, 
663 

anterior rami of, 663 
posterior rami of, 664 
of internal mammary, 

superior, 642 

intercostalis suprema, 642 
interlobular, of kidney, 1199 
internal auditory, 638, 1048 
carotid, 623 
circumflex, 694 
iliac, 678 
mammary, 638 
maxillary, 616 
plantar, 706 
pudendal, in male, 681 
in female, 682 
spermatic, 674 
interosseous, common, 658 
dorsal, 659 
recurrent, .660 
volar, 658 

intralobular, of kidney, 1199 
jejunal, 670 
labial, inferior, 614 
superior, 614 
of labyrinth, 1048 
lacrimal, 626 
laryngeal, inferior, 641 
superior, 610 
lateral calcaneal, 705 
femoral circumflex, 693 
malleolar network, 702 
*nasal, 614 

posterior, 620 
palpebral, 626 
plantar, 706 
sacral, 684 
segmental, 121 
striate, 630 
tarsal, 703 
thoracic, 647 


Artery or Arteries (cant) 
left colic, 672 
gastric, 667 
gastro-epiploie, 669 
lienal, 669 
of limbs, development of, 123 
lingual, 611 i 

long posterior ciliary, 627 
thoracic, 647 
of lower extremity, 687 
lumbar, 676 

magna hallucis, 707 j 

malleolar, anterior lateral, i 
702 ' I 

anterior medial, 701 
external, 702 j 

internal, 701 
posterior medial, 705 
mammary branches of inter- 1 
costal arteries, 664 
mammary, external, 647 
internal, 638 
masseteric, 619 
mastoid, 615 
maxillary, external, 612 
internal, 616 
medial calcaneal, 705 
femoral circumflex, 694 
malleolar, anterior, 701 
posterior, 703 
malleolar network, 702 
palpebral, 628 
plantar, 706 
striate, 630 
tarsal, 703 
mediana, 123, 659 
mediastinal, from aorta, 663 
from internal mammary, 
640 

medullary, of vertebral, 637 
meningeal, accessory, 619 
anterior, 626, 628 
anterior, of internal caro- 
tid, 626 

of ascending pharyngeal, 
611 

middle, 618, 1264 
of occipital, <*>15 
of ophthalmic, 628 
posterior, 611 
recurrent, from lacrimal, 
627 | 

of vertebral, 636 
mesenteric, inferior, 672 j 

superior, 669 
metacarpal, dorsal, 656 
volar, 656 j 

metatarsal, 703, 707 
middle cerebral, 629 
colie, 672 
genicular, 699 
haemorrhoidal, 679 
meningeal, 618 
sacral, 676 
suprarenal, 674 
temporal, 616 
mode of division of, 595 
of origin of branches, 595 
musculophrenic, 640 
mylohyoid, 619 
nasal, dorsal, 626, 628 
lateral, 614 
posterior, 620 
nerves of, 571 
nutrient, of bone, 19 
obturator, 680 
occipital, 614 
of posterior auricular, 616 


Artery *r Arteries : ; , 

- .» .• - ! * » of infer! <r thy- 

reoid, till 
of aorta, os *3 

r,26 

pa I at. ine , asee a*: 1 in g, i > 1 2 
descending, 620 
greater, 620 
smaller, 620 
palmar arch, deep, 650 
superficial,. 660 
palpebral, lateral, 626 
medial, 628 
pancreatic, 669 
panereatica magna, 669 
pan c re 1 1 1 ic odu od e n a 1 , in- 
ferior, 670 
superior, 668 

parietal, of superficial tem- 
poral, 616 
of penis, deep, 681 
dorsal, 682 

perforating, of foot, 706 
of arteria profunda 
femoris, 695 
of hand, 656, 601 
of internal mammary, 640 
of perorueal, 705 
pericardial, 640, 663 
pericardiacophrenic, 640 
perinreal, 681 
transverse, 681 
peromeal, 705 
petrosal, superficial, 618 
pharyngeal, ascend it:", 610 
of internal maxillary, 620 
phrenic, inferior, 675 
superior, 663 
plantar arch, 706 
deep, 703 

lateral (external), 706 
medial (internal), 706 
metatarsal, 707 
pontine, 638 
popliteal, 696 
posterior auricular, 615 
cerebral, 638 
ciliary, t»27 
communicating, 630 
dental, 619 
ethmoidal, 627 
humeral circumflex, 647 
inferior cerebellar, 637 
lateral nasal, 620 
medial malleolar, 705 
meningeal, from ascending 
pharyngeal, 611 
from vertebral, 626 
scapular, 642 
scrotal, 681 
septal, 620 
spinal, 637 

superior alveolar, 619 
tibial, 703 
recurrent, 701 

posterolateral ganglionic, 638 
posteromedial ganglionic, 638 
princeps eervieis, 615 
pollieis* 656 
profunda brachii, 651 
eervieaiis, 642 
femoris, 693 
inferior, 652 
linguse, 611 
superior, 651 
proper volar digital, 661 
of pterygoid canal, 620, 626 
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Ifcimpiniform plexus, 741, 1219, 
]22£ 

Pancreas, 1176 # 
accessory duct of. 1.44, 1180 
applied anatomy of, 1181 
body of, 1178 
development of, 144 
duct of, 144, 1179 
head of* 1170 
lymphatic vessels of, 771 
neck of, 1178 
relations of, 1176 
structure of, 1180 
surface •marking of, 1287 
tail of, 1179 • " 
uncinate process of, 1170 
vessels and nerves of, 1181 
Pancreatic branches of splenic 
(licnal) artery, 069 
Pancreatic duet, 144, 1179 
accessory, 144, 1180 
veins, 742 

Panereai iea magna artery, 009 
Pane real icoduodenai artery, 
inferior, 007 
superior, 008 
lymph-glands, 709 
veins, 744 

Pane real ieol ienal Ivm ph - 
sr lands. 700 
I’annus, Ions 

Papilhfdugdeni, 1105, 1 190 
lacrimal, lop; 
mammary, 1241 
. of optic nerve, 1003 
Papilla* laerimales, 101 0, 1 0 1 9 
of co Hum, 1054 
renal, 1104 
of tongue, 1113 
eon iea*, 1 1 14 
fungifornies, 1113 
lent ieulares, 1113 
si mid ires, 11 14 
vailatie, 1113 

Papillary layer of corium, 1054 
process of liver, 1 1 84 
Paracardial lymph -glands, 700 
Paracentesis of pericardium, I 

577 i 

thoracis, 1080 j 

Paracentral lobule, 847 
Farad iily in is. 151, 1217 j 

Paraduoihma! fold, 1145 
fossa, 1145 
Paraganglia, 1249 
Parallel sulcus, 849 
Paralyses, alternate, 81,4 
Paralysis, of cervical sym- j 
pathetic, 982 
conjugate, 814 
Erb’s, 940 
Kin rapines, 940 
infantile, 25, 798 
lower segment, 814 
* motor, 870 
sensory, 870 

Paramastoid process, 199 
Paramedial sulcus, 847 ^ j 

Parametritis or pelvic cellulitis, i 
"1237 

Paramet Hum, 1233 
Paranephric, body, 1195 
'Paranucleus, 1180 
Paraplasm, 2 
Pararectal fossa, 1137 
1 yin pi j -g I in ids, 7 OS 
Paraseptal cartilage, anterior, 
70, 229 


Paraseptal. cartilage ( cont .) 
common, 76 
posterior, 76 

Parasympathetic nervous sys- 
tem, 779, 909 
cranial fibres, 909 
sacral fibres, 909 
Paraterminal bodies, 99 
Parathyreoid glands, 1 240 
applied anatomy of, 1247 
development of, 135 
structure of, 1247 
Paratracheal lymph-glands, 754 
Para-umbilical veins, 744 
Paravesical fossa, 1138, 1202 
Paraxial mesoderm, 52 
Parietal bone, 215 
ossification of, 217 
branch of superficial tem- 
poral artery, 616 
cells of fundus glands, 1152 
eminence, 215, 247, 251 
emissary vein, 724 
foramen, 215, 24.7, 260 
lobe, 847 
gyri'of, 847 
sulci of, 847 
lobules, 848 

lymph-glands of abdomen 
and pelvis, 763 
of thorax, 775 
I notch, 208 
! pleura, 1077 
! tuberosity, 215, 247, 251 
| veins of embryo, 125 
Fancies, development of, 08 
Parietomastoid suture, 251, j 
254, 202 

Paneto-occipital fissure, 845 
Parolfactory area of Broca, 
852 

sulcus, anterior, 852 
Paronychia, thecal, 523 
Parouplmrun, 151, 1229 
Parosmia, 887 
Parotid duct, 1097 

surface marking of, 1205 
gland, 1090 
accessory part of, 1096 
applied anatomy of, 1101 
duct of, 1097 
rein uuandibu lar process 
of, 1090 

structure of, 1 100 
structures within, 1097 
surface marking of, 1265 
vessels and nerves of, 1098 
lymph -glands, 751 
plexus, 91 0 

Parotideomassoteric fascia, 448 
Parrot’s nodes, 273 
Pars anal is rect i, 1169 
basilaris, 847 

ciliaris retime, 102, 999, 
1002, 1005 

flaccida of tympanic mem- 
brane, 102S 

intermedia \>f vestibular 
bulb, 1240 

iridiea retime, 102, 1000, 

1002, 1005 

mamiiiaris hypothalami, 94 
optica hypothalami, 95 
orbital is, 847 

tensa of tympanic membrane, 
1028 

triangularis, 847 
uterina tuba*, 1230 


Passages, pleural, 147 
Patella, 333 

applied anatomy of, 334 
fractures, 334, 568 
movements of, 418 
ossification of, 334 
structure of, 334 
surface anatomy of, 1303 
Patellar fold, 41 1 
plexus, 955, 957 
retinacula, 410 
surface of femur, 323 
Pecten pubis, 311 
Pectinate ligament of iris, 
997 

Pectineal line, 321 
Pectineus, 538 
nerve to, 957 
Pectiniform septum, 1221 
Pectoral fascia, 490 
Pectoralis major, 490 
minor, 498 

Peculiarities in vascular system 
of foetus, 592 

Pedicles of a vertebra, 1 04 
Peduncle of corpus callosum, 
852 

of olive, 808 

Peduncles, cerebellar, 818, 819 
cerebral, 825 

Pedunculated hydatid, 1212 
Pelvic brim, 313 
cellulitis, 1237 
colon, 1102 

curve of vertebral column, 
183 

diaphragm, 482, 
applied anatomy of, 480 
fascia, 4.82 

diaphragmatic part of, 483 
girdle, 274 
mesocolon, 1. 135 
plexuses, 981 
portion of cloaca, 157 
portion of sympathetic sys- 
tem, 978 

splanchnic nerves, 928, 909, 
*■978 

Pelvis, 313, 1133 
applied anatomy of, 317 
axes of, 314 
brim of, 313 
cavity of lesser, 314 
diameters of, 313, 314 
fractures of, 317 
in fret us, 317 
greater, 313 

inferior aperture or outlet 
of, 314 
inlet of, 313 
lesser, 313 

lymph-glands of, 703 
lymphatic vessels of, 708 
major, 313 

male and female, differences 
between, 3.15 
mechanism of, 401 
minor, 313 
muscles of, 482 
in osteomalacia, 317 
outlet of, 314 
position of, 315 
renal, 1193 
in rickets, 317 

superior aperture or inlet of, 
313 

transverse ligament of, 489 
i Penis, 1 220 
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Penis ( cont .) 

applied anatomy of, 1228 
body of, 1222 
corona glandis, 1222 
corpora cavernosa, 1220 
corpus cavernosum urethrae 
or corpus spongiosum, 1221 
crura of, 1220 
deep artery of, 681 
dorsal artery of, 682 
nerve of, 967 
veins of, 739 
extremity of, 1222 
f undiform ligament of, 1221 
glans, 1221, 1222 
neck of, 1222 

prepuce or foreskin of, 1222 
root of, 1221 

septum pectiniforme of, 1221 
structure of, 1222 
suspensory ligament of, 1222 
vessels and nerves of, 1222 
Perforated substance, anterior, 
852 

posterior, 825 

Perforating arteries, of band, 
656 

from internal mammary, 
640 

from peronseal, 705 
from plantar arch, 706 
from profunda femoris, 
694 

cutaneous nerve, 966 
fibres of bone, 21 
Perforator of spermatozoon, 44 
Pericardiacophrenic artery, 640 
Pericardial area, 50 
arteries, 640, 663 
Pericardiotomy, 577 
Pericardium, 574 

applied anatomy of, 576 
fibrous, 576 
nerves of, 576 
oblique sinus of, 576 
relations of, 574 
serous, 576 
structure of, 575 
transverse sinus of, 576 
vessels of, 576 
vestigial fold of, 576 
Pericellular network, 36 
Perichondrium, 15, 23 
Perichorioidal lymph-space, 
994 

Perilymph, 1039 
Perimetritis, 1230 
Perimysium, 29 
Perinseal artery, 681 
transverse, 681 
body, 1170, 1238 
branch of fourth sacral 
nerve, 967 

branches of sacral plexus, 961 
ectopia testis, 1215 
flexure of rectum, 1168 
nerve, 966 

nerves, superficial, 967 
Perineum, boundaries of, 486 
central tendinous point of, 
487 

lymphatic vessels of, 769 
muscles of, 486 
surface anatomy of, 1289 
Perinephric abscess, 1200 
Perineurium, 780 
Periods of activity and rest of 
cardiac cycle, 591 


Periosteum, 18 
internal, 18 

Periostitis, acute infective, 25 
Periotic cistern, 107 
Peripheral band, dorsal, 796 
Peripheral end-organs, 1048 
Peripheral organs of the special 
senses, 983 

terminations of motor nerves, 
781 

of nerves of general sensa- 
tions, 1048 

Peritoneal cavity, 1134 
fossae or recesses, 1144 
applied anatomy of, 1146 
Peritoneum, 1134 

epiploic foramen of, 1139 
lesser sac or omental bursa 
of, 1139 

ligaments of, 1140 
main cavity or greater sac 
of, 1134 

horizontal disposition of, 
in lower abdomen, 1138 
in upper abdomen, 1139 
ir. |><-:\ \ 1 1 37 
i v r ■ :;,i i •. I i > j i ••• i r mo f. 1134 
mescutmicjs ui, 1143 
omental bursa of, 1139 
vertical disposition of, 1136 
omentum, greater, 1142 
lesser, 1141 

parietal portion of, 1134 
recesses or fossa of, 1144 
applied anatomy of, 1146 
visceral portion of, 1134 
Permanent cartilage, 14 
choana, 80 
kidney, 156 
teeth, 1102 

development of, 1106 
successional, 1110 
superadded, 1110 
Peronaal anastomotic nerve, 
965 

artery, 705 
peculiarities of, 705 
nerve, common, 965 

applied anatomy of, 969 
surface marking of, 1311 
deep, 965 
superficial, 966 
retinacula, 560 
sulcus, 344 
tubercle, 340 
veins, 736 

Peronaus brevis, 557 
longus, 556 
tertius, 551 

Perpendicular fasciculus, 867 
line of ulna, 293 
Pes or base of cerebral 
peduncle, 827 
eavus, 432 
hippocampi, 857 
planus or flat-foot, 432 
Petit, canal of, 1006 
triangle of, 495 

Petro -occipital fissure, 251, 263 
Petromastoid part of temporal 
bone, 213 

Petrosal artery, superficial, 618 
nerve, deep, 898, 973 
external, 910, 975 
greater superficial, 898, 
910 

lesser superficial, 903, 1034 
process, 201 


Petrosal sinuses, inferior, 71 4> 
723 

superior, 722 
sulci, inferior, 1,98 
Petrosphenoidal fissure, 250 
Petrosquamosal suture, 208, 
210, 212 

Petrosquamous sinus, 720 
Petrotympanic fissure, 208, 
250, 1028 

Petrous ganglion, 916 
portion of temporal bone, 
210 

Peyer’s glands, 1160* 
Phalangeal processes of Corti’s 
rods, 1045 

of Deiters’ cells, 1045 
Phalanges of cochlea, 1046 
digitorum manus, 304 
pedis, 346 
of foot, 346 
ossification of, 348 
of hand, 304 
applied anatomy of, 306 
ossification of, 306 
Phallic portion of cloaca, 
157 

Phallus, 159 

Pharyngeal aponeurosis, 1126 
artery, ascending, 610 
branch of internal maxillary 
artery, 620 . , 

bursa, 1124 
canal, 254 
grooves, 76 

nerve, from sphenopalatine 
ganglion, 900 

nerves, from glossopharyn- 
geal, 917 
from vagus, 919 
ostium of auditory lube, 
1122 

part of tongue, 1112 
plexus of nerves, 917, 919, 
974 

of veins, 714 
pouches, 76 
recess, 1123 
tonsil, 1123 
tubercle, 198, 250 
veins, 714 

Pharyngo basilar fascia, 1124 
Pharyngo -epiglottic folds, 1062 
Pharyngopalatine arch, 1118 
Pharyngopalat inns, 1 i 2 1 
Pharynx, 1122 
applied anatomy of, 1127 
laryngeal part of, 1124 
lymphatic vessels of, 757 
muscles of, 1125 
nasal part of, 1122 
oral part of, 1 1 24 
structure of, 1124 
Philtrum, 443, 1094 
Phrenic arteries, inferior, 075. 
superior, 663 
ganglion, 935, 981 
nerve, 934 

applied anatomy of, 935 
plexus of nerves, 980 * 

veins, inferior-, 741 

superior, 729 

Phren icocolic 1 igament , 1 1 44 , 

1167 

Phrenicocostal sinus, 1079 
Phrenicopeneardiae ligament, 
right, 740 

Phthisical chest, 195 
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Pia mater, cerebral, 884 
spinal, 884* 

Pigeon- breast , #1 95 
Pigment, 13 

applied anatomy of, 14 
cells, 9 
of iris, LOGO 
of skiu, 1053 

Pinmentdli connective -tissue 
‘ cells, 13 
epithelial cells, 13 
layer of retina, 1003 
Piles, 739 

Pillars ofYJorti, 1044 
of fauces, 1 1 1*8 
of fornix, 802, 803 
of subcutaneous inguinal I 
ring, 472 
Pineal body, 830 

applied anatomy of, 837 
development of, 94 
stalk of, 830 
structure of, 830 
cells, 830 
recess, 842 
Pinna, 1022 

development of, 108 j 

Piriformis, 543 
fascia of, 483 
nerve to, 959 

Pin rgolfs amputate m, 349 
Pisiform Is me, 300 
ossification of, 305 
Pisohamato ligament, 393 
40s(*m<‘taearpal ligament, 393 j 
Pit, anal, 142 j 

auditory, 100 
Pits, olfactory, 78, 79 
Pituitary body, 838 

applied anatomy of, 840 
(!•* veil >j>m'*n i of, 135 
Pivut - joint, 354- j 

Placenta, 04 
applied anatomy of, 00 
basal plate of, 05 
circulation through, 00, 592 
cotyledons of, 00, 07 
fibrinoid substance of, 05 , 

Petal portion of, 04 j 

marginal sinus of, 00 j 

maternal portion of, 05 
firm via, 07 
separation of, 07 
septa of, 00 j 

Placodes, 100 j 

Plain musefe, 32 
Plane, mtcrtubcreuiur or trails- 
tubercular, 1133 j 

trarispylork*, 1133 
Plantar aponeurosis, 501 
arch, 790 

applied anatomy of, 707 j 
artery, medial nr internal, 700 j 
surface markings of, I 
1311 I 

deep, 703 ■ : 

lateral or external, 700 ■ j 
surface marking of, 1 31 1 ! 
. calcaneocuboid ligament, 420 
calcaneonavicular ligament, 
427 

applied anatomy of, 427 
cutaneous venous arch, 734 
network, 734 
digital veins, 730 
interosseus muscle, first, 505 
ligament, long, 426 
short, 420 


Plantar metatarsal arteries, 707 
muscles of foot, 561 
nerve, lateral, 964 
medial, 963 

process of navicular bone, 
.342 

veins, 736 

venous arch, cutaneous, 734 
deep, 734 

network, cutaneous, 734 
Plantaris, 553 
rupture of tendon of, 558 
Planum nuchale, 190, 255 
occipitale, 190, 254 
Plasma cells, 9 

Plasma or liquor sanguinis, 26 
Plate or plates — 
auditory, 106 
basal, of placenta, 65 
orbital, of frontal bone, 21.8 
occipital, 71 
olfactory, 78 
sternal, 71, 187 
urethral, 159 
Platelets of blood, 28 
Platyrhine skulls, 271 
Platysma, 449 
Pleura-, Io77 

applied anatomy of, 1080 
cavity of, 1 077 
costal, 1077 
cupula of. 1078 
Giuphnignml i»-, 1078 
lymphc tic vessels of, 778 
nii-diuM huil, 1079 
parietal, 1077 
pulmonary, 1077 
structure of, 1080 
surface markings of, 1278 
vessels and nerves of, 1080 
Pleural passages, 147 
Pleurisy, 1080 

Pleuro pericardial membrane, 
149 

Pleuroperitoneal membrane, 

1.49 

Plexiform layer of retina, 
inner, 1003, outer, 1004 
Plexus or plexuses 
abdominal aortic, 981 
annular, of cornea, 997 
aortic! is thoracal is, 976 
Auerbach's, 1162 
basilar, 723 
brachial, 935 
cardiac, deep part, 978 
supmlieial part, 979 
carotid, internal, 973 
of veins, 724 
cavernous, 973 
cervical, 931 
posterior, 929 

chnrinid of fourth ventricle, 
823 

of lateral ventricle, 864 
of third ventricle, 841 
coccygeal, 967 
eudiae, 979 

of cornea, annular, 997 
infra -e pit hel ial, 997 
subepithelial, 997 
coronary, 979 
of Exner, 868 
gastric, anterior, 921 
inferior, 980 
posterior, 92 1 

superior, 981 » 

great, of sympathetic, 979 ! 


Plexus or plexuses ( cont .) 
hemorrhoidal, middle, 982 
superior, 981 
venous, 738, 1171 
hepatic, 980 
hypogastric, 981 
infra-orbital, 897, 912 
interlobular, 1188 
intra-epithelial, of cornea, 
997 

lienal, 980 
lumbar, 952 
Meissner’s, 1 1 62 
mesenteric, inferior, 981 
superior, 981 
myenteric, 1162 
oesophageal, 918, 919, 921 
ovarian, 981 

pampiniform, 741,1219, 1229 
parotid, 910 
patellar, 955, 957 
pelvic, 981 

pharyngeal, 917, 919, 974 
venous, 71.4 
phrenic, 980 
prostatic, 982 
venous, 739 
pterygoid, 711 
pudendal, 966 
venous, 738 
pulmonary, 918, 921 
renal, 981 
sacral, 958 
sagittal, 130 
solar, 979 
spermatic, 981 
sjihmi-, 9iSO 
of submucosa, 1 162 
subepithelial, of cornea, 997 
subpleural, mediastinal, 640 
subsartorial, 957 
suprarenal, 981 
of sympadsei ir, 978 
tympanic, 916, 1034 
uterine, 982 
venous, 739 
vaginal, 982 
venous, 739 
vesical, 982 
venous, 739 

Plica fimbriata of tongue, 1112 
gubematrix, 155 
lacrimal is of M anner, 1020 
sern ihmaris of con j unetiva, 
1018 

of tonsil, 1118 
sublingualis, 1099 
supratonsillaris, 1 1 18 
triangularis of tonsil, 1118 
vascularis, 155 
vesical is trails versa, 1438 

Plicae transversales recti, 11.68 
ureterieie, 1206 

Pneumothorax, 1080, 1 09 1 

Pogunion, 269 

Point, central tendinous of 
pcriisa-um, 487 

Polar b-idit's or poloeytes, 42, 
43 

Pole, embryonic, 49 

Poles of cerebral hemispheres, 
844 

of bulb of eye, 993 
of lens, 1,007 

Poliomyelitis, acute anterior, 
798 

Polocytcs or polar bodies, 4:2, 
43 
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Polymorphonuclear leucocytes, 
28 

Polyspermy, 47 
Pomum Adami, 1060 
Pons, 811 

applied anatomy of, 814 
development of, 92 
dorsal or tegmental part, 
813 

structure of, 812 
ventral or basilar part, 812 
hepatis, 1183 

Ponticulus of auricula, 1023 
Pontine arteries, 638 

flexure of embryonic brain, 
90 

Popliteal artery, 696 

applied anatomy of, 697 
branches of, 698 
peculiarities of, 697 
surface marking of, 1311 
fossa or space, 695 
ligament, arcuate, 413 
retinaculum of, 413 
oblique, 413 
line of tibia, 32S 
lymph-glands, 761 
nerve, external, 965 
internal, 963 
surface of femur, 321 
vein, 736 
Popliteus, 553 
Pore, gustatory, 983 
Porta hepatis, 1183 
Portal canals, 1188 
pysemia, 745 
vein, 742 

applied anatomy of, 744 
development of, 124 
Porus acusticus externus, 212, 
213, 252 
internus, 210 
Position of pelvis, 315 
Postanal gut, 142 
Postaxial borders of limbs, S2 
Postcentral sulcus, 847 
Posterolateral ganglionic arte- 
ries, 631, 638 

Posteromedial ganglionic arte- 
ries, 631, 638 

Postganglionic nerve -fibres, 
779, 928 

Postglenoid tubercle, 207 
Postnodular fissure, 92, 816 
Postpartum haemorrhage, 67 
Postpyramidal fissure, 816 
Postsphenoidal part of sphe- 
noidal bone, 205 
Pott’s fracture, 568 
Pouch of Douglas, 1136, 1234 
of Prussak, 1034 
# of Rathke, 136 
of Seessel, 136 
Pouches, pharyngeal, 76 
Poupart’s ligament, 473 
Praecuneus, 848 
Praeputiuin clitoridis, 1239 
Pre- aortic lymph-glands, 765 
Pre -auricular sulcus of ilium, 
309 

Pre -axial borders of limbs, 82 
Precentral fissure of cerebellum, 
815 

Precentral sulcus of cerebrum, 
846 

Prechordal part of base of 
skull, 72 

Preclival fissure, 815 , i 
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Preganglionic nerve-fibres, 779, 
928 

Pregnancy, abdominal, 47 
ovarian, 47 
tubal, 47 

Prelaryngeal lymph-glands,, 753 
Premature synostosis, 26 
Premaxilla, 234, 248 
Premolar teeth, 1103 
Pre-occipital notch, 844 
Prepuce of clitoris, 1239 
of penis, 1222 

development of, 159 
Preputial glands, 1222 
sac, 1222 

Prepyramidal fissure, 816 
Presbyopia, 1009 
Presj>henoidal part of sphe- 
noidal bone, 205 
Pressure epiphyses, 25 
Pfe tarsal space, 1010 
Pretracheal fascia, 449 
lymph-glands, 753 
Prevertebral fascia, 448 
Prickle-cells, 7, 1053 
Primary areolae of bone, 23 
blood-vessels of head, 128 
curves of vertebral column, 
182 

head- veins, 128 
[ labial groove, 133 
lamellae of bone, 20 
meatus, 108 
nail-fields, 85 
oocytes, 40 
spermatocytes, 44 
Primitive aorte, 110, 120 
choanse, 79 
costal arches, 70 
falx cerebri, 97 
groove, 50 

jugular veins, 112, 125 

ova, 153 

palate, 79 

segments, 54, 68 

sheath of nerve-fibre, 37, 39 

streak, 49 

urogenital ostium, 159 
Princeps cervicis artery, 614 
pollicis artery, 656 
Principal cavity of left atrium, 
585 

of right atrium, 580 
motor tracts, 873 
Prismata adamantina, 1106 
Prisms, enamel, 1106 
Procerus, 440 
Process or processes — 
accessory, of vertebras, 174 
alar, of ethmoidal bone, 220 
alveolar, of maxilla, 233. 
anterior, of malleus, 1032 
articular, of vertebrae, 165 
axis-cylinder, of nerve-cell, 
35 

caudate, of liver, 1184 
ciliary, 998 , 
clinoid, anterior, 204, 261 
middle, 201, 261 
posterior, 201, 261 
condyloid, of mandible, 243 
coracoid, 278 

coronoid, of mandible, 242 
of ulna, 292 

costal, of a cervical verte- 
bra, 167 

descending, of lacrimal bone , 
225 


Process or processes (cord,) ♦ 
of dura mater, 878 * 

ethmoidal, of, inferior nasal 
concha, 225 

falciform, of secret u boro u» 
ligament, 399 
frontal, of maxilla, 232 
frontonasal, 78 
frontosphenoidal, r>f zygo- 
matic bone, 239 
globular, 79 

infra-orbital, of zygomatic 
bone, 240 

intrajugular, 199 r 
jugular, 199, '251 
lacrimal, of inferior nasal 
concha, 225 

lateral, of malleus, 1032 
lateral nasal, 79 
lenticular, of incus, 1032 
mamillary, of vertebra*, 174 
mastoid, 208, 253 
maxillary, of feetus, 77, 79 
of inferior nasal concha, 
225 

of palatine bone, 237 
medial nasal, 79 
muscular, of arytenoid, 1062 
nasal, of feetus, 79 
of frontal bone, 217 
odontoid, of axis or epi- 
stropheus, 168 * 
orbital, of palatine bone, 238 
of zygomatic bone, 240 
palatine, of foetus, 80 
of maxilla, 234 
papillary, of liver, 1184 
paramastoid, 199 
petrosal, 201. 

phalangeal, of Corti’s rods, 
104o 

of Deiters’ cells, 1045 
plantar of navicular bone, 
342 

pro toplas m ic , of nerve - cells, 
35 

pterygoid, of sphenoidal 
bone, 204 

pyramidal, of palatine bone, 
238, 249 

retromandibular, of parotid 
gland, .1096 

sphenoidal, of palatine bone, 
238 

of septal cartilage of nose, 
984 

spinous, of ilium, 309 
of vertebra*, 105 
styloid, of fibula, 331 
of radius, 291 
of temporal bone, 213, 250, 
253 

of third metacarpal bone, 
304 

of ulna, 294 
supracondylar, 284* 
temporal, of zygomatic bone, 
240 

transverse, of vertebra*, 165 
trochlear, of calcaneus, 610* 
uncinate, of ethmoidal bone, 
222,266 

of head of pancreas, 1176 
vaginal, of sphenoidal bone, 
202, 204 

of temporal bone, 212 
vermiform, 1164 
vocal, of arytenoid, 1062 
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Ir^oeess or processes (cant.) 

xiphoid, 1ST 

zv'iomatio, *of frontal bone, 
*JI7 * 
of maxilla, 232 
of tempifhd bone, 200 
Processus brevis of malleus, 
1032 

eoehleatiformis, 212, 1030 
gracilis of malleus, 1032 
tubarius, 205 
Proetodamtu, '142 
Pro* Put in. -, 1 100 
Prof undawiri cry, inferior, 652 
superior, 65 J 
braehii artery, 651, 
cervical is artery, 642 
femoris artery, *603 
vein, 737 
Ilmnne artery, 61 1 
Pro, gnat. herns skulls, 271 
Progressive facial hemiatrophy. 

Projection fibres of cerebral 
heliospheres, 866 
of cerebellum, SI 8 
Prominence, of facial canal, 
it, mi 

laryivje.d, 1060 
.Promontory, of sacrum, 1.76 
of tympanic cavity, 1020 
Pronatjon, movement of, 387, 
.‘ISO 

Pronator ffuadratus, 512 
tores, 508 

applied anatomy of, 508 
Preiiophric duct, HO 
Prone i dims, 140 
Pr-muefeus, female!, 42 
male, 46 

Pro. otic centre of temporal 
bone, 213 ' ,j 

Proper fasciculus* anterior, 704 j 
lateral, 705, TOO 
Proprioceptive sensory im- 
pulses, 874 

Pnoeneephubm, 53, 03, 831 
Pm.uaie, 1223 
applied anatomy of, 1225 
capsule of, 1224 
development, of, 157 
isthmus of, 1223 
Joints of, 1223 
lymphatic vessels of, 772 
sheaf’ll of, 1224 
structure of, 1224 
vessels and nerves of, 1,225 
Prostateetmny, 1225 
Prostatic duels, orifices of, 1200 
plexus of nerves, 082 
of veins, 739 
applied anatomy of, 739 
portion of urethra, 1208 
sinus, 1200 
. utricle, 1209 
veins, 739 
ib'os th ion, 260 
Protoplasm, I 
Protoplasmic processes of 
* nerve-cells, 35 
Protuberance, mental, 241, 257 
occipital, external, 196, 251, 
254 

Internal, 197 
Prussak, pouch of, 1034 
Psalterium, 802 
Pseudonuoleoli, 2 
Pseudopodium, 28 , 


Psoas abscess, 532 
, major, 531 

applied anatomy of, 532 
fascia covering, 530 
minor, 532 
Pterion, 270 
ossicle, 229 

Pterotic centre of temporal 
bone, 213 

Pterygoid canal, 204, 250, 254 
artery of, 620, 626 
nerve of, 898 
fissure, 204 
fossa, 204 
fovea, 243 
hamulus, 204 
lamina, medial, 204, 250 
lateral, 204, 250 
muscles, 445, 446 
plexus of veins, 71.1. 
processes of sphenoidal bone, 
204 

tubercle, 204, 250 
! Pterygoideus externus, 445 
| nerve to, 900 

! internus, 446 
i nerve to, 900 

Pterygomandibular raphe, 443 
Plerygo maxillary fissure, 254 
Pterygopalatine canal, 231, 237 
fossa, 254 
sulcus, 204, 237 
Ptorvgospiiious liuament, 206, 
448 

Ptosis of upper eyelid, 891, 1021 
of liver, 1191 
Pubic angle, 311 
arch, 314 
bone, 310 

branch of inferior epigastric 
artery, 686 

of obturator artery, 680 
crest, 31 1 
ligaments, 400 
symphysis, 400 
tubercle or spine, 311 
vein, 737 
Puboanaiis, 4S5 
Pubocapsular ligament, 405 
Puboeoeeygeus, 485 
Puboprostatic ligaments, 484, 
1205 

Puboreetaiis, 485 
P u bo vesicates, 1 207 
Pudendal artery, accessory, 682 
deep external, 693 
internal, 680 
in female, 682 
in male, 681 
superficial external, 693 
surface marking of, 1311 
cleft or riraa, 1238 
nerve, 906 
inferior, 961 
plexus of nerves, 906 
of veins, 738 
veins, internal, 737 
Pudendum, 1208 
Pudic nerve, 966 
veins, internal, 737 
Pulmonary artery, 595 

applied anatomy of, 596 
atresia of, 596 
embolism of, 597 
orifice of, in right ven* 
trick, 583 
stenosis of, 596 
circulation, 569 
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Pulmonary emphysema, 195, 
1091 

ligament,. 1079 
lymph-glands, 776 
pleura, 1077 

jfiexus, anterior, 918, 92.1 
posterior, 919, 921 
ridge. 149 

semilunar valves, 584 
substance, 1099 
veins, 708 

openings of, in left 
atrium, 585 
Pulmones, 1084 
Pulp, dental, 1104 
enamel, 1108 
splenic, 1254 

Pulp-cavities of teeth, 1104 
Pulvinar, 832 

Puncta lacrimalia, 1016, 1019 
vasculosa, S52 
Pui>il, 999 

congenital atresia of, 104 
Pupillary membrane, 104, 1001 
Purkinje, cells of, 821 
fibres of, 33 

Purple, visual, 14, 1002 
Putamen, 858 
Pyaemia, 25 
portal, 745 

Pylephlebitis, suppurative or 
septic, 745 
Pyloric artery, 668 
glands, 1152 
orifice of stomach, 1147 
part of stomach, 1147, 1148 
sphincter, 1149 
vein, 744 

Pyopneumothorax, 10S0 
Pyorrhea alveolaris, 1095 
Pyosalpinx, 1231 
Pyramid of cerebellum, 817 
of medulla oblongata, 801 
of temporal bone, 210 
of vestibule, 1036 
Pyramidal cells of cerebral 
cortex, 868 
decussation, 874 
eminence of tympanic cavity, 
1030 

lobe of thyreoid gland, 1245 
process of palatine bone, 238, 
249 

tract, crossed, 794 
direct, 793 

Pyramidalis abdominis, 479 
nasi, 440 

Pyramids, renal, 1,195 

Quadrangular lobules of cere- 
bellum, 815 

Quadrate ligament, 387 
lobe of cerebrum, 848 
of liver, 1184 
Quadratus femora, 546 
nerve to, 958 
labii infexioris, 441 
superioris, 441 
I umbo rum, 481 
fascia covering, 481 
plant®, 563 

Quadriceps femoris, ,536 
Quadrigeminal bodies, 821 

Radial artery, 653 

applied anatomy of, ( 
branches of, 055 
' peculiarities of, 654 
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Fofamma venarflm minirna- 
runa, 582, 585 
zygomatico -orbital, 240 
Forceps, anterior, 854 
posterior, 85^ 

Forearm, muscles of, 507 
veins of, 725, 727 
Forebrain, 53, 93, 799, 831 
Foregut, 55, 132 
Foreskin or prepuce, 1222 
Form of embryo at different 
stages, 159 

Formatio reticularis of medulla 
oblongata, 811 
of medulla spinalis, 789 
Formation of mesoderm, 49 
of embryo, 54 
Formative yolk, 40 
Fornices of vagina, 1237 
Fornix of brain, 861, 867 
body of, 862 
columns of, 862 
crura of, 863 
development of, 99 
psalterium or lyra of, 862 
ventricle of, 862 
conjunctival, 1018 
Fossa or fossae — 
acetabular, 311 
anterior, of skull, 260 
canine, 230, 256 
cochlearis^ 1036 
condyloid, 199, 251 
coronoid, 285 
cubital, 649 

digastric, of mandible, 241 
of temporal bone, 209, 250 
digital, of epididymis, 1212 
duodenal, 1145 
for ductus venosus, 1183 
duodenal, inferior, 1145 
superior, 1145 
duodenojejunal, 1145 
femoral, 689 
for gall-bladder, 1183 
glenoid, 207 
hyaloid, 1006 
hypophyseos, 200, 261 
ileocseeal, inferior, 1146 
superior, 1146 
iliac, 309 

incisive, 230, 241, 257 
incudis, 1030 

for inferior vena cava, 1183 
infra clavicular, 497 
infraspinatous, 274 
infratemporal, 253 
intercondyloid, of femur, 323 
of tibia, 327 

interpeduncular, 825, 842 
intersigmoid, 1146 
ischiorectal, 486 
jugular, 212 

lacrimal, 218, 225, 233, 257, 
- 258 

of liver, 1182 
mandibular, 207, 250, 253 
mesocolic, 1145 
middle, of skull, 260 
ilavicularis of urethra, 1210 
of vestibule, 1239 
occipital, inferior, 264 
olecranon, 285 
ovalis of heart, 582 
of fascia lata, 534 
ovarian, 1138, 1226 
paraduodenal, 1145 
pararectal, 1137 


Fossa or fossae ( cont .) 
paravesical, 1138, 1202 
peritoneal, 1144 
applied anatomy of, 1146 
popliteal, 695 

posterior, of skull, 261 j 

pterygoid, 204 

pterygopalatine, 254 r j 

radial, 285 

retrocaecal, 1146 j 

retroduodenal, 1145 j 

rhomboid, 824 
of Rosenmtiller, 78, 1123 
sagittal, of liver, 1182 
scaphoid, 204 
of skull, 260 
anterior, 260 
middle, 260 
posterior, 261 
sphenomaxillary, 254 
subarcuata, 211, 264 
subscapular, 274 
supraspinatous, 274 
supratonsillar, 1118 
Sylvian, 99 
temporal, 251 
triangularis, 1022 
1 trochanteric, 319 

for umbilical vein, 1183 
vermian, 197 

Fountain decussation of Mey- 
nert, 831 
Fourchette, 1239 
Fourth metacarpal bone, 304 
metatarsal bone, 346 
ventricle, 822 
angles of, 822 
chorioid plexuses of, 823 
floor of, 824 

lateral boundaries of, 823 
ligulse of, 823 
rhomboid fossa of, 824 
roof or dorsal wall of, 823 
openings in, 823 
taeniae of, 823 
tela chorioidea of, 823 
Fovea capitis femoris, 318 
centralis retinse, 1002, 1005 
structure of, 1005 
dentis, 167 
femoral, 1173 

inferior, of rhomboid fossa, 


825 

inguinal, lateral, 1173 
medial, 1173 
pterygoid, 243 # 

superior, of rhomboid fossa, 
825 


upra vesical, 1173 
rochlearis, 218, 257 
reola, Howship’s, 24 
icture, 4 greenstick, 282 
bcture-disloeations of verte- 
bral column, 184 
mture or fractures of 
nromion, 528 
>ones of foot, 349 

i- <* ohi S9Q 


hand, 306 
leg, 333 
>al bones, 306 
icle, 281, 527, 528 
es, 295, 530 
ur, 326, 566 
la, 333, 568 


mandible, 273 
maxilla, 273 


Fracture or fractures «»f (conL) 
metatarsal hones, and pha- 
langes, 349 
nasal bone, 273 
olecranon, 294, 529 
patella. 334, 568 
pelvis, 317 
Pott, 568 

radius, 295, 529, 530 
ribs, 194 
scapula, 279 
skull, 272 
sternum, 194 
tarsal bones, 349 
tibia, 333, 568 
ulna, 294, 530 
zygomatic arch, 273 
bone, 273 

Free nerve-endings. 1048 
Freely movable joints, 353 
Fremitus, vocal, 1 092 
Frenula of colic valve, 1164 
of lips, 1094 

Frenulum of clitoris, 1239 
of labia minora, 1239 


linguae, 1112 
of prepuce, 1222 
veli, 817, 829 
Frommanifs lines, 38 
Frontal air-sinuses, 219, 991, 
1264 

arteries, 616, 628 
bone, 217 
nasal part of, 217 
orbital part of, 218 
ossification of, 220 
squama of, 217 
structure of, 220 
crest, 218, 260 

Frontal eminence, 217, 24*, -ox 
! fonticulus, 267 
! foramen, 217 


gyri, 847 
lobe, 846 
nerve, 893 

notch (or foramen), 217 
operculum, 849 
process of maxilla, 232 
spine, 217 
sulci, 846 

suture, 217, 247 , 256 
fnWnsitv. 217. 247, Sol, 2o5 


vein, 709 
Frontalis, 437 
Front o - ethmoidal suture, 


260 

Frontolacrimal suture, 

258 

Frontomaxillary suture, 256, 


c>£g 259 

Frontonasal duct, 220, 266 
process, 78 
suture, 256 

Frontoparietal operculum, 849 

Frontopontine fibres, 827 
tract, 859 . 

Front ospbeno idal process ot 
zygomatic bone, 239 
suture, 258 

Fundiforni ligament of penis. 


ro, 1221 

dus of stomach, 1148 
glands of, 11 52 
rcnpani, 1027 
urinary bladder, 4501- 
uterus, 1232 _ 


1174 
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R*f ropharyngeariv mph -‘Rands. 

““»♦ * 

space, 448 

RHrnpuhie path 1202 
Retztus, spare of, 1 208 
Rhinal fissure, external, 95 
Tibiw* iD*f- j»h;i I. ,iu 95, So I 
1 T 1 1 in i< 'i i . 

ir* nr visual purple, 

Rhoinbenoephefon, 53, 00, 800 
Rhombic if moves, 02 
lip, 01 

Khomla.iiKossa, 824 
impression, 281 
lign, merit, 375 
K h o m I ) o i d i * u s n i a j or, 40 5 
minm, 400 
Rib or ribs, 188 
a.n-i!e of, 100 
applied anatomy of, 104 
art '<•ul.it i* nits of, 207 
eervioaJ, 010, 105 
common ehara et eristics of, 
ISO 

rt *' ta ! L r n tove, 100 
crest of week, 100 
iirv<4 a iumuO of, 70 
4-\oi!!i, 102 
false, 188 
iir.st, ltd 

float i*ii£ u r vertebral, 1 80 
fracture of, 1 0 1 
i e sOtea t toil of, 102 
. peculiar, 101 
resection of, 1 0,7 

second, 101 
structure of, 102 
tenth, 102 
true, ISS 
tubercles of, 100 
twelfth, 002 

vertebral, or limit itiLS 180, 
274 

vertebrochondral. 180, 274 
ve:rtehr*>s|ema!, 272 
Rickets, i 0.7, 217 
Rickety rotary, 105 
Rider's hone, 124, 020 
Ri< ha*, Imlhoventrieular, 1 17 
•faicjli’Uj, 52, SS 
genital, 153 

lateral snpract mdylar, 282 
media! • upraet mdylar, 284 
puhiM'ii.iry, 140 
trape/"i'! t»r ohlhjue, 280 

Rid yes, bicipital, 282 
bulbar, 118 

I’Uedefs !obe of t he liver, 1 1 01 
Right atrioventricular orifice, 
082 

atrium of heart, 580 
margm of heart, 580 
ventricle of heart, 582 
Rhna g lot t id is, 1 007 

interejtrt ilu^inous part, 
1007 

mtennemhramms part, 

1007 
*<>ris, 1004 

palpebrarum, 1010 

puuendi, 1228 
veHtilmli, 1005 

Ring, abdominal inguinal, 4.80 
external abdominal, 472 

Femoral, 080 

fibrocartilaginous, of tym- 
panic mc.mhrane, 1028 ■ 


] Ring {cont.) 

j... internal abdominal, 480 
j subcutaneous inguinal, 472 
tympanic, 212 
Rings, fibrous, of heart, 587 
j Riolan, muscle of, 42S 
! Ripening of ovum, 42 
| Risorius, 444 
Rivinus, ducts of, 1099 
notch of, 1027 
Rod-bipolars of retina, 1003 
lb*.!- granules of retina, 1004 
1 Rods and cones, layer of, 

1 1(105 ' ' 

; Rods of Corti, 1044 
i of retina, 1005 
j Rolando, fissure of, 845, 1263 
j substantia gelatinosa of, 788 
| tubercle of, 803 
j Roller, nucleus of, 811 
I Roof or dorsal wall of fourth 
j ventricle, 823 
; Roof- plate, 85 

j Ih .ni i if penis, 1221 

Root -sheaths of hair, 1056 
| Roots of lungs, 1088 
j of spinal nerves, 797, 925 
1 of teeth, 1102 
! of vertebral arches, 164 
of zygomatic process, 206 
Rosenmuller, fossa of, 78, 1123 
Ivmui’i-'.de.nd of, 762 
j .,f. !5|, 1229 

'Rostrum of corpus callosum, 
853 

sphenoidal, 202 
i Rotation, movement of, 354. 

1 of gut, .141 
of limits, 82 
| Rntatorcs, 460 
j Round ligament of liver, 1186 
of uterus, 1234 

R uhrospina 1 fasciculus (Mona- 
k i > \\ j , 7 St t 

Rutlini, corpuscles of, 1050 
Rust -coloured layer of ccre- 
j he liar cortex, 821. 

j Sill', dimt ill, 1 1 0« 

| greater, of peritoneum, .1134! 
lacrimal, 1020 
lesser, of peritoneum, 1136 
prmmthi. 1222 

!fd i 4.0 b i ,- r, 1208 
Saccule, laryngeal, 1068 
of vestibule, 1040 

macula neustiea saeculi, 
1040 

structure of, 1040 
j .Sure us vaginalis, 155 
| endolymphntiens, 1040 
j Sacral aia, 176 
1 arterii-s, lateral, 684 
artery, middle, 676 
canal, 178 
cornua., 175 
crest, median, 175 
crests, articular, 175 
lateral, 175 

flexure of rectum, 1168 
foramina, anterior, 174 
posterior, 175 
groove, 175 
hiatus, 175 
Iv mph-ghmds, 764 
nerves, anterior divisions of, 

^ ' &>8 '■ 

posterior divisions of, 930 
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Sacral nucleus of medulla 
spinalis, 791 
plexus, 958 

applied anatomy of, 968 
tuberosity, 176 
veins, lateral, 737 
middle, 739 

Sacrococcygeal 6 broeartilage, 
361 

ligaments, 361 
symphysis, 361 
Sccroirer.itnl folds, 1.138, 1234 
S::er - : . ! jo c articulation, 398 
ligaments, 398 

Sacrosciatic ligament, great, 
399 

small, 399 
Sacrospinalis, 457 
Sacrospinous ligament, 399 
Sacrotuberous ligament, 399 
Sacro vertebral angle, 174 
Sacrum, 174 
ala of, 176 
apex of, 176 
auricular surface of, 1,76 
base of, 176 

differences between male and 
female, 178 
dorsal surface of, 174 
foramina of, 174, 175 
inferior lateral angle of, 176 
lateral parts of, 174 
surfaces of, 176 
ossification of, 181 
pelvic surface of, 174 
promontory of, 176 
structure of, 178 
variations of, 178 
Saddle articulation, 354 
Sagittal fossa*, of liver, 1182 
plexus, 130 
sinus, inferior, 718 
superior, 717 

applied anatomy of, 71.8 
sulcus, 197, 216, 218, 260 
suture, 216, 247, 260 
Salivary glands, 1096 
parotid, 1 096 
sublingual, 1099 
siihniMxilhiry, 1088 
applied analumy of, 1101 
development of, 1 34 
structure of, 11 00 
Salpingitis, 1231 
Sal pingo pal at me fold , 1. 1 23 
Salpingopharyngeal fold, 1 1 23 
Salpmgopharyngeus, 1 127 
Santorini, cartilages of, 1062 
duct of, 1 180 
Saphenous nerve, 957 
external, 963 
long or internal, 957 
opening, 534 
vein, accessory, 734 
great, 734 

surface mark ing of, 1 3 1 1 
small, 734 

surface marking of, 1311 
veins, applied anatomy of, 735 
Sareolemma, 30 
Sarcomere, 31 
Sarcoplasm. 30 
Sarcnstyh'S. 30 
Sarcous element, 31 
Sartorius, 535 

applied anatomy of, 535 
nerve to, 957 
relations of, 535 
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Sauroid blood-cells, 110 
Scala media, 1041 
tympani, 1038 
vestibuli, 1038 
Scalene tubercle, 191 
Scalenus, anterior, 455 
medius, 456 
posterior, 456 

Scalp, applied anatomy of, 437 
lymphatic vessels of, 754 
structure of, 1261 
Scapha, 1022 
Scaphoid fossa, 204, 250 
Scapula, 274 
acromion of, 276 
applied anatomy of, 279 
coracoid process of, 278 
fracture of, 279 
glenoid cavity of, 27S 
head of, 278 

inferior transverse ligament 
of, 378 
superior, 377 
ligaments of, 377 
neck of, 278 
ossification of, 279 
spine of, 275 
structure of, 279 
surface anatomy of, 1293 
Scapula alatse, 279 
Scapular artery, posterior, 642 
transverse, 641 
circumflex artery, 647 
nerve, dorsal, 937 
notch, 276 

Scapus or shaft of hair, 1056 
Scarpa, fascia of, 470 
foramina of, 234, 248 
ganglion of, 1047 
triangle of, 689 
Schlemm, canal of, 994 
Schreger, lines of, 1105 
Schwann, nucleated sheath of, 
37 

white substance of, 38 
Sciatic artery, 682 
foramen, greater, 399 
lesser, 400 
nerve, 962 

applied anatomy of, 968 
surface marking of, 1311 
small, 960 
notch, greater, 309 
lesser, 310 
veins, 737 
Sclera, 993 

applied anatomy of, 1008 
structure of, 994 . 

Scleral spur, 995 
Scleral ogono us layer, 68 
Sclerocorneal junction, 994 
Sclerotome, 68 
Scoliosis, 184 

Scrotal arteries, posterior, 681 
hernia, 1173 
nerves, posterior, 967 
Scrotum, 1219 

applied anatomy of, 1220 
dartos tunic of, 1220 
raphe of, 1219 
skin of, 1220 

vessels and nerves of, 1220 
Sebaceous glands, 1057 
development of, 84 
Sebum cutancum, 1057 
Second cervical nerve, anterior 
, division of, 931 
posterior division of, 929 


Second cervical vertebra, 168 
cuneiform bone, 342 
ossification of, 347 
metacarpal bone, 303 
metatarsal bone, 345 
rib, 191 

Secondary areolae of bone, 23 
curves of vertebral column, 
182 

dentine, 1106 
labial groove, 133 
lamellae of bone, 20 
meatus, 108 
motor tracts, 874 
oocyte, 43 
spermatocytes, 44 
spiral lamina, 1038 
tympanic membrane, 1029, 
1038 

Secretion, internal, 1243 
Seessel’s ppuch, 136 
Segments, internodal, 38 
of Lantermann, 38 
medullary, 38 
primitive, 54, 68 
spinal, 785 

Segmental arteries, dorsal, 122 
lateral, 123 
ventral, 121 

Segmentation of cells, 40 
cavity, 49 

of fertilised ovum, 4S 
nucleus, 47 , 

Sella turcica, 200, 261 
Semicanalis m. tensoris tym- 
pani, 212, 1030 
tubse auditivse, 212, 250, 
1030 

Semicircular canals, 1037 
ducts, 4040 
structure of, 1040 
Semilunar branches of internal 
carotid artery, 626 
hone, 299 

fibrocartilages of knee, 414 
ganglia of coeliac plexus, 979 
ganglion of trigeminal nerve, 
889 

lobule, inferior, 817 
superior, 816 
notch of ulna, 292 
valves, aortic, 586 
pulmonary, 584 
Semimembranosus, 547 
Seminal vesicles, 1217 
Seminiferous tubules, 1214 
Semispinalis capitis, 460 
cervicis, 460 
dorsi, 460 

Semitendinosus, 547 
Sensations, general, peripheral 
terminations of nerves of, 
1048 

Senses, special, peripheral 
organs of, 983 
Sensory decussation, 805 
impulses, 874 
exteroceptive, 874 
interoceptive, 874 
p vt ) prioce » >t ive, 874 
neurons, highest, intermedi- 
ate, and lowest, 870, 877 
paralysis, 876 
tracts, 874 

Separation of placenta, 67 
Septa, intersegmental, 68 
intermuscular of arm, 503 
placental, 66 


Septal arteries*, posterior, 02§ 
cartilage of ngse, 984* 
Septula testis, J213 
Septum, aortopulmonary, 117 
atrial, 580 
bulbar, distal, 117 
proximal, 118 
bursarum, 1140 
canalis musculotubarii, 212, 
1030 

crural, 689 
femorale, 689 
inferius of heart, 110 
intermedium of heart, 115 
lateral intermuscular, of arm, 
503 

medial intermuscular, of arm, 
503 

mobile nasi, 984 
nasi, 265 
orbital, 1017 
pectiniforme. 1221 
pellucidum, 864 
cavity of, 864 
of penis, 1221 
primum of heart, 115 
rectovesical, 1224* 
secundum, 115, 594 
sinus, 114 

spuriurn of heart, 1 14 
subarachnoid, 882 
of tongue, 1117 * 

applied anatomy of, 1 1 1 7 
transversum, of foetus, 112, 
147 

of semicircular duct, 1040 
urorectal, 142 
ventricular, 116, 580 
Sequestrum, 25 
Serosa, or false amnion, 60* 
Serous glands of tongue, 1117 
pericardium, 576 
Serratus anterior, 499 

applied anatomy of, 500 
magnus, 499 
posterior inferior, 464 
superior, 464 

Sertoli, supporting c^lls of, 1214 
Sesamoid bones, 350 
Seventh cervical vertebra, 169 
centres for costal pro- 
cesses of, 181 

Sex differences in the skull, 269 
Shaft of hair, 1056 
Sheath, carotid, 448 
axillary, 645 

dentinal, of Neumann, 1105 
epithelial, 1109 
femoral, 687 
medullary, 38 

mitochondrial, of spermato- 
zoon, 44 

nucleated, of Schwann, 37 
primitive, 37, 39 
of prostate, 1224 
of psoas and iliacus, 530, 531. 

applied anatomy of, 532 
of rectus abdominis, 478 

applied anatomy of, 478 
Sheaths, fibrous, of flexor fcefi- 
dons of fingers, 510 
of toes, 563 

fibro -areolar, of arteries, 570 
mucous, 352 

of tendons around ankle, 
560 

on back of wrist, 519 
on front of wrist, 519 
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Stalks of optic; fiervo, 887 
Shin, 8&S 9 

Shingles, 799 0 

Short bines, I 08 

fibular eol!a|crai ligament of 
knee-joint, -4175 
gastric veins, 742 
Shoulder, muscles of, ,790 
Shoulder-blade, 274- 
Shoulder curdle, 274 
joint, 278 

applied anatomy of, 282 
bursa* in ivl.it ion to, 280 
movements of, 281, 

muscles in relation to, 280 
vessels and nerves of, 280 
Shrapnelj, membrane of, 1028 
Sibsoit’s fascia, 1070 
Slight, organ of, 002 
Sigmoid arteries, 072 
cavity of radius, 200 
greater, of ulna, 202 
lesser, of ulna, 202 
colon, 1102 
mesocolon, 1 127, 1144 
sinus, 710 

Sinn-atrial nodi*, 5S9 

Sinus or sinuses - 

aortic, 287 
cervical is, 77 
continence of, 107, 720 
coroimry> 282, 70S 
valve of, 282, 708 
<••• n -«medi i e iiial, 11)70 

* cranial, 2ol * 

of dura mater, 71.7 
basilar plexus, 722 
cavernous, 720 
circular, 722 
continence of, 720 
intercavernous, 722 
lateral, 710, 1 204 
longitudinal, inferior, 718 
superior, 717 

meningeal, middle, 722 ! 

occipital, 720 
petrosal, inferior, 722 
supnriur, 722 
p<-t m-qiutni'm ■, 720 

!',a dt t :d, inierini , 718 
superior, 717 
sigmoid, 710 
sphenoparietal, 721 
straight, 718 

toreular lierophili, 720 | 

transverse, 710, 1204 
of epididvmLs, 1212 
rJhniMid.d, 221, 001 
of external jugular vein, 712 
frontal, 210, 00 i 
marginal, of placenta, 60 
mastoid, 200, 
maxillary, 221, 002 
of Morgagni, 1 126 

• of pericardium, oblique, 670 

transverse, 676 
plircuicoeost jiI, 1079 

proslat ie, 1200 
pulmonary, 686 
’rectal, 1170 

renal, 1104, 1106 
septum, 114 
sphenoidal, 201, 091 
tarsi, 828, 240 
tonsillaris, 78, 11,18 
transverse, of pericardium, 

, 670 

urogenital, 167 


| Sinus or sinuses [rout.) 

| of Valsalva, 586, 587 
veiiarum, 581. 
venoms, 112, 118 
scleras 094 

Sinusoids, 124, 142, 572, 1188 
Skein, or spirem, 2, 2 
Skeleton, 102 

appendicular part of, 163 
axial part of, 163 
development of, 08 ■ 
of foot, 334 
of hand, 298 
Skene’s ducts, 158, 1211 
Skin, 1051 

appendages of, 1054 
hairs, 1055 
nails, 1054 

sebaceous glands, 1057 
sudoriferous or sweat 
glands 1057 
arteries of, 1054 
curium or cutis vera, 1053 
papillary layer of, 1054 
reticular layer of, 1054 
development of, 83 
epidermis or cuticle, 1051 
stratum corneum, 1053 
germinal ivum, 84, 1052 
granulosa in. Iu52 
lueidum, 11)52 
mu cosum, 1053 
epitriehium, 82 
finger-prints of, 1052 
nerves of, 1054 
reflexes, 870 
Skull, 195 

appl ied anato my of, 271 
base, inner surface of, 260 
hones of, 196 
breadth index of, 270 
capacity of, 269 
cephalic index of, 270 
ahondrifteation, of, 72 
chordal part of, 72 
cranio lmry, 269 
deformities of, 273 
denial index of, 271 
development of, 71 
differences in, due to age, 267 
diploe of hones, 164 
exterior of, 247 
fossa, anterior, 260 
middle, 260 
posterior, 261 
fractures of, 272 
gnathic or alveolar index of, 
271 

height of, 270 

horizontal circumference of, 
270 

hypophysial part of, 72 
interior of, 260 
infcerorbitonasal part of, 72 
length of, 270 
nasal index of, 271 
norma basaiis, 247 
frontalis, 255 
lateralis, 251 
occipitalis, 254 
vertiealis, 247 

uceipip >f n >nt a! longitudinal 
arc of, 270 
orbital index of, 271 
prechordal part of, 72 
sex differences in, 269 
surface anatomy of, 1257 ■ 
tables of, 164, 199 


Skull (cant.) 

upper surface of base of, 260 
vertical circumference of, 270 
vertical or height index of, 
271 

Skull-cap, inner surface of, 260 
Sleep palsies, 947 
Slightly movable joints, 353 
Small intestine, 1153 

duodenum, 1154 
ileum, 1156 
jejunum, 1156 
aggregated lymphatic no- 
dules of, 1160 
applied anatomy of, 1172 
circular folds of, 1158 
glands of, 1160 
lymphatic vessels of, 769 
Meckel’s diverticulum of, 
57, 1156 

mesenteric part of, 1156 
Peyer’s glands of, 1160 
solitary lymphatic nodules 
of, 1160 

structure of, 1157 
valvule comiiventes of, 

* 1158 

vessels and nerves of, 1161 
villi of, 1158 
cardiac vein, 708 
saphenous vein, 734 
sciatic nerve, 960 
wings of sphenoid, 203 
Smaller occipital, nerve, 932 
superficial petrosal nerve, 
903, 1034 

Smallest cardiac veins, 709 
Smegma praeput-ii, 1222 
Smell, area for sense of, 871 
organ of, 984- 
Soft palate, 1095 

aponeurosis of, 1120 
muscles of, 1120 
paralysis of, 1096 
Solar plexus, 979 
Sole of foot, muscles of, first 
layer, 562 
fourth layer, 565 
second layer, 563 
third layer, 565 
Soleus, 552 

Solitary cells of medulla 
spinalis, 791 

lymphatic nodules, 1160, 
1171 

Somatic cells, 40 
fibres of spinal nerves, 928 
mesoderm, 52 
Somato pleu re, 53 
Space of Burns, 448 
epidural, 880 
episcleral, 1013 
intervillous, 63 
of Nuel, 1045 
popliteal, 695 
pro tarsal, 1010 
retropharyngeal, 448 
of Ketzius, 1208 
subdural, 881 
suprasternal, 448 
Spaces of angle of iris, 997 
cavernous, of penis, 1222 
corneal, 996 
of Fontana, 997 
intercostal, 189 
interglobular, 1105 
medullary of bone, 23 
Spasm, histrionic, 913 
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Spasmodic torticollis, 451 
Spatia zonularia, 1006 
Special dental germs, 1107 
end-organs of nerves, 104S 
types of cerebral cortex, 
869 

Special senses, peripheral 
organs of, 983 

Spermatic artery, external, 686 
internal, 674 
Spermatic cord, 1218 
coverings of, 1218 
structure of, 1218 
fascia, external, 472, 1218 
nerve, external, 953 
plexus of nerves, 981 
applied anatomy of, 981 
veins, 741 

applied anatomy of, 741 
Spermatids, 44, 1214 
Spermatocele, 1216 
Spermatocytes, 44, 1214 
Spermatogonia, 44, 1214 
Spermatozoon, 43, 1214 
acrosome of, 43 
axial filament of, 44 
body or connecting piece of, 
44 

centrioles of, 44 
head of, 43 
head-cap of, 43 
mitochondrial sheath of, 44 
neck of, 44 
perforator of, 43 
spiral thread of, 44 
tail of, 44 

end-piece of, 44 
terminal disc or ring of, 44 
Si)heno -ethmoidal recess, 266, 
987 

suture, 260 

Sphenofrontal suture, 251, 260 
Sphenoidal air-sinuses, 201, 991 
bone, 200 

applied anatomy of, 206 
body of, 200 
great wings of, 202 
ossification of, 205 
postsphenoida! part of, 205 
presphenoidal part of, 205 
pterygoid processes of, 204 
small wings of, 203 
conchoe, 205 
crest, 201 
fonticulus, 268 
nerve, from otic ganglion, 
903 

proce«* of nchithm bone, 238 
of i :!;» \si- of nose, 
984 

rostrum, 202 

Sph enn in andibular ligament, 

356 

Sphenomaxillary fissure, 253 
fossa, 254 

Sphenopalatine artery, 620 
foramen, 237, 265 
ganglion, 898 
nerves, 896 
notch, 237, 238 

Sphenoparietal sinus, 721 

• suture, 251, 261 

Sphenopetrosal suture, 261 

Spbenosquamosal suture, 251, 
261 

Sphenozygomatic suture, 259 

Sphere, attraction, 2 

Sphincter ani externus, 487 


Sphincter ani internus, 487 
pupillse, 105, 1000 
pyloric, 1149, 1151 
recti, 485 

urethra? membranacese, in 
ferftale, 492 
in male, 490 
vaginae, 491, 1238 
vesicse, 1207 

Spigelian lobe of liver, 1184 
Spina angularis, 202, 250 
bifida, 184 
helieis, 1023 
trochlearis, 218, 257 
vestibuli, 114 

Spinal accessory nerve, 922 
anaesthesia, 884 
arachnoid, 881 
arteries, 636, 637 
column, 164, 182 
cord, 784 

applied anatomy of, 798 
dura mater, 8S0 
structure of, 881 
ganglia, 925 

applied anatomy of, 799 
structure of, 926 
medulla, 784 
rrerfngfii*. acute, 884 
n ills. 7i»S 
nerves, 925 

anterior divisions of, 931 
autonomic fibres of, 928 
connexions with sympa- 
thetic trunks, 927 
development of, 88 
ganglia of, 925 
posterior divisions of, 928 
roots of, 797, 925 

size and direction of, 
926 

somatic fibres of, 928 
structure of, 928 
paralysis, infantile, 798 
pia mater, 884 
root of vestibular nerve, 
914 

segments, 785 

tract of trigeminal nerve, 813, 
892 

Spinalis capitis, 460 
cervicis, 460 
dorsi, 458 

Spindle, achromatic, 2 
aortic, 601 

Spindles, neuromuscular, 1050 
neuro tendinous, 1050 
Nissl’s, 36 
Spine or spines — 
ethmoidal, 200 
frontal, 217 
iliac, 309 
ischial, 309 
mental, 241 

nasal, anterior, 230, 235, 256, 
266 

posterior, 236, 249 
pubic, 311 
of scapula, 275 
suprameatal, 213, 252 
tibial, 327 
trochlear, 218, 257 
Spinocerebellar fasciculus, an- 
terior, 795 
posterior, 795 
SpinogJenoid ligament, 378 
Spino -olivary fasciculus, 808 
Spinotectal fasciculus, 795 


Spinothalamic fasciculus, fin. 
terior, 794 * m 

lateral, 7JV> 

Spiral canal of modiolus, 1037 
ganglion of cochlea, 1047 
lamina, osseous, 1.038 
secondary, .1 038 
line of femur, 321 
organ of Corti, 1014 
thread of spermatozoon, 44 
tubule of kidney, 11.97 
Spirem or skein, 2, 3 
Splanchnic mesoderm, 52 
nerve, greater, 976 
lesser, 976 
lowest, 977 
pelvic, 969 
Splanchnology, 1 059 

o: ! 252 

applied anatomy of, 1256 
blood-vessels of, 1254 
development of, 145 
lymphatic vessels of, 771 
Malpighian bodies of, 1255 
structure of, 1254 
surface marking of, 1288 
Spleens, accessory, 1254 
I Splcniai centre of ossification, 
244 

Splenic artery, 669 

applied anatomy 609 

distribution of, 1254 

cells, 1254 

flexure of colon, 1 1 66 
plexus, 980 
pulp, 1254 
vein, 742 

Splenium of corpus callosum, 
853 

Splenius capitis, 457 
cervicis, 457 
Spongioblasts, 85 
Spongioplasm, 1 
Spongy gums, 1095 
Spot, germinal, 40, 4! 

Spring ligament, 427 
Spur, or cog-tooth, «>f malleus, 
1032 

scleral, 995 

Squama, frontal, 217, 255 
occipital, 196 
temporal, 206 

Squamosal suture, 208, 251 
261 

Squamous epithelium, 4 
Stab r, middle lymph-gland of, 
753 ' * 

Stalk of pineal body, 836 
Stalks, optic, 93, 102 
of thalamus, 835 
Stapedial artery, 121 
Stapedius, 1033 
nerve to, 910 
Stapes, 1032 

annular ligament of base oL 
1033 

base of, 1032 
crura of, 1032 
development of, 108 
head of, 1032 
neck of, 1 032 
ossification of, 1 032 
Stellate cells of KiipfTer, 1188 
ganglion, 978 
ligament, 368 
reticulum, 1108 
veins of kidney, 1199 
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Stenosis of pulmonary orifice 
596 

of p\1orus, 1 1 53 
Stensen, duct of, 1 0!>7 
foramina of, 234, 24 S 
St cphauimi. 2f0 
St rrnal angle, I So 

branches of internal mam. 

ma ry ^.rterv, 040 
end of clavicle, 28 i. 
foramen, 185 
furrow, 1270 
lymph-glands. 775 
plales, 7*1 . 1 87 
Stemebno, 185 
Sternoclavicular artieu lath m, 
374 

applied anatomy of, 375 
movements of, 375 
surface anatomy of, 1294 
.ligament, 374 

St: ( mm u .cleidouuist oid arteries, 
010, 015 

S t e mi »e h ‘it l o mas 1 o id e us, 4 4 9 
applied , anatomy of, 451 
Stem* lenst al art ieula ti< ms, 370 
movements at, 372 
ligaments, interart ieular. 37 1 
radiate, 371, 
surface of heart, 579 
St errmhynideus, 453 
St < -n t - 1 1 .orimi r* 1 iat ■ 1 iuamerits, 
,m0 

Stenmt hyreoideus, 453 
♦Sternum, 185 

applied anatomy of, 191 
hntjy nf, 185 
dt'Vf'lopmenl of, 71 
fracture of, 194 
manuhrinm of, 185 
ossilicat hm of, 187 
st met uri* of, 187 
xiphoid process of, 187 
Stomach, 1140 

antrum euniiaeum of, 1140 
applied anatomy of, 1153 
bed, 1 hi 7 

cardiac, glam Is of, 1 151 
orifice" of, 1140 
component parts of, 1148 
curvatures of, ! 147 
development of, 137 
fundus of, 1148 
fundus glands of, 1152 
gastric canal, 1. 1 19 
iucisura augularis of, 1 147 
eardiaca of, 114.7 
interior of, J 148 
lenticular glands of, 1 152 
lymphatic vessels of, 709 
mucous membrane of, 1151 
muscular coat of, 1150 
openings of, 1140 
pyloric* glands, 1 152 
, orifice, 1147 

part of stomach, 1 147 
sphincter, 1 149 
shape and position of, 1 140 
as seen by :r-rays, 1 148 
* structure of, 1149 
sulcus intermedins of, 1 147 
surface marking of, 1285 
surfaces of, 1 147 
vessels and nerves of, 1152 
Htomodamm, 133 
♦Strabismus, 891, 1015 
Straight sinus, 718 

tubules of kidney, 1197 


, | Strand, triangular, 797 

Stratum, central grey of cere- 
bral aqueduct, 831 
einereum, 830 
compact um of decidua, 63 
eorneu m of epidermis, 1053 
dorsale, 838 

tibrosum of articular cap- 
sule, 351 

'jermimitivuni of epidermis, 
si. Iu52 

graiuilosum of epidermis, 
1052 

I of Graafian follicle, 1228 
of hippocampus. 872 
ini eniH-dium <4 eimrioid, 998 
of enamel-organ, 1108 
laciniosum, 872 
lem nisei, 830 

lucidum of epidermis,, 1053 
inucosum of e; Mermis. 1053 
j opticum of i: a. 

of superior colliculus, 830 
j rad iat urn, 872 

| spongiosum of decidua, 63 
| synoviale of articular cap- 
| sule, 35 L 

zonale of superior colliculus, 
830 

of thalamus, 834 
Streak, primitive, 49 
Stria tenninalis, 861 
vascularis, 1042 
Stria* aeusticjo, 825 

gra\ idanim or albicantcs, 
12b 1 

longitudinal, lateral and 
medial, 852 

medullares, of rhomboid 
fossa, 825 

of olfactory tract, 851 
Striate arteries, 630 
veins, inferior, 717 
Stripe of He risen, 1046 
Striped muscular fibres, 29 
Stroke or apoplexy, 872 
Stroma, intertubular of kid- 
ney, 1199 
of iris, 1000 
of ovary, 1227 
Stump, conical, 26 
Stye, 1021. 

| Styloglossus, 1 116 
t Stylohyal part of styloid pro- 
| cess, 2 1 4 

Stylohyoid ligament, 452 
nerve from facial, 912 
Stylohyoidcus, 452 
Styloid process of fibula, 331 
of radius, 291 
of temporal bone, 213, 250, 
253 

of third metacarpal bone, 
304 

of ulna, 294 

Stylomandibular ligament, 356 
Stylo mast nid artery, 6,14, 
foramen, 212, 250 
Stylopharymrcus, 1 126 
Subaueniieus, 507 
Subarachnoid cavity, 881 
eistemm, 881 
septum, 882 

Subastragalar amputation, 341 
Subcallosal gyrus, 852 
Subcardinal veins, 126 
Subclavian artery, 631 


Subclavian artery {cant.) 

applied anatomy of, 634 
branches of, 636 
first part of left, 632 
of right, 632 
peculiarities of, 633 
second portion of, 632 
surface anatomy of, 1260 
rmrkmcr of, 1272 
ii i:d j ■■ ■!■’■!«. e of, 632 
J\ mpi.mh- : rinks, 750 
triangle, 623 
vein, 728 
Subclavius, 498 
nerve to, 937 
Subcostal angle, 194 
arteries, 664 
Subcostales, 463 
Subcrurcus, 537 
Subcutaneous inguinal ring, 472 
Subdural space, 881 
Subepithelial plexus of cornea, 
997 

Sublinumd artery, 611 
ducts, 1099 
gland, 1099 

vessels and nerves of, 1099 
lymph -glands, 762 
Sublobular veins, 741, 1188 
Submaxillary duct, 1099 
ganglion, 903 
gland, 1098 

surface ana: i:.y of, 1261 
vessels am i v vs of, 1099 
ly m ph - gl an d s , 7 5 3 
triangle, 622 
Submental artery, 613 
lymph -glands, 753 
Submucosa, plexus of, 1162 
Subnasal point, 269 
Suboecipital muscles, 461 
nerve, anterior division, 931 
posterior division, 928 
triangle, 462, 636 
Subparietal sulcus, 846 
Subperil < meal connective tis 
sue, 481 

Su bplcural mediastinal plexus, 
640 

Subpubic ligament, 400 
Subpylorie lymph-glands, 760 
Subsartorial plexus, 957 
Subscapular artery, 647 
fascia, 501 
fossa, 274 
nerves, 938 
Subscapu laris, 501 
Subserous areolar tissue, 1134 
Substance, anterior perforated , 
852 

cortical of kidney, 1196 
fibrinoid of placenta, 65 
medullary of kidney, 1195 
posterior perforated, 825 
Substantia adamantina, 1106 
alba of medulla spinalis, 792 
com pacta, 17 
eburnea, 1104 
f(M:rug'm.ea, 825 
gelatinosa centralis, 789 
of Rolando, 788 
nerve-cells in, 791. 
grisea of medulla spinalis, 
" 788 

' imiomin^ta of Meynert, 860 
nigra, 827 
ossea, 1106 

, propria of cornea, 996 
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Substantia reticularis alba, 811 
grisea, 811 
spongiosa, 17 
Subtalar dislocation, 428 
Subthalamic tegmental region, 
‘ 833,838 

Successional permanent teeth, 
1110 

Suctorial pad, 443 
Sudoriferous glands, 1057 
development of, 84 
Sulci of cerebral hemisphere 
(see under cerebral fissures 
and sulci) 

of medulla oblongata, 801 
of medulla spinalis, 787 
Sulcus or sulci — 

anterior longitudinal, of 
heart, 57S 

antihelicis transversus, 1023 
arterise vertebralis, 167 
basilaris, 812 
calcanei, 340 
carotid, 201, 261 
central, 845, 1263 
chiasmatis, 200, 260, 261 
cingulate, 846 
circular, 845, 849 
circularis cornese, 995 
coronary, of heart, 578 
ethmoidal, 226 
frontal, 846 
habenulae, 833 
Harrison’s, 195 
horizontal, of cerebellum, 815 
inferior petrosal, 198 
intermedius primus, 848 
seeundus, 848 
of stomach, 1147 
intertubercular, of humerus, 
283 

intraparietal, of Turner, 847 
lacrimalis, 231 
lateral cerebral, S45 
lateral, of cerebral peduncle, 
826 

limitans insulae, 846 
of rhomboid fossa, 824 
malleolar, 330 

malleolaris, of tympanic ring, 
213* 

medial frontal, of Eberstaller, 
847 

median, of rhomboid fossa, 
824 

of medulla oblongata, 801 
of medulla spinalis, 787 
of Monro, 93, 842 
nasolabial, 1094 
nervi radialis, 283 
ulnar is, 285 
occipital, lateral, 848 
transverse, 197, 848 
oculomotor, 826 
olf actor ius, 987 
olfactory of frontal lobe, 847 
orbital, 847 
parallel, 849 
paramedial, 847 
parolfactory, anterior, 852 
peronmal, 344 
petrosal, inferior, 198 
postcentral, 847 
posterior longitudinal, of 
heart, 578 

median of medulla spinalis, 
787 

pre-aurieular, of ilium, 309 


INDEX 

Sulcus or sulci (cont.) 
precentral, 846 
pterygopalatine, 204, 237 
sagittal, 197, 216, 218, 260 
sigmoideus, 209 
spiralis externus, 1042 
intemus, 1042 
subr-arioriri, 848 
Viili. 33 S 
temporal, 849 

terminalis of right atrium, 
1581 

of tongue, 134, 1111 
. transverse, 197, 262 
tubrn auditivse, 203, 250 
tympanic, 212, 1025, 1028 
vallecula, SI 6 
Sun-bath, effects of, 14 
Superadd ed permanent teeth, 
1110 

Superciliary arches, 217, 247, 
251, 256 

Supination, movement of, 3S7, 
389 

Supinator, 516 
brevis, 516 
longus, 513 

Supporting cells of Hensen, 
1045 

of olfactory mucous mem- 
brane, 989 
of Sertoli, 1214 
of taste-buds, 983 
framework of retina, 1005 
Supra-auricular point, 270 
Supracallosal gyrus, 852 
Supracardinal system of veins, 
127 

Supraclavicular branches of 
brachial plexus, 937 
nerves of cervical plexus, 933 
Supracondylar process, 284* 
ridge, lateral, 283 
medial, 284 

Supraglenoid tuberosity, 278 
Suprahyoid aponeurosis, 451 
lymph-glands, 753 
muscles, 451 
triangle, 622 

Supramand ibular lymph- 
glands, 752 

Supramarginal gyms, 848 
Supramastoid crest, 206 
Suprameatal spine, 213, 252 
triangle, 206, 252 
Supra-orbital artery, 627 
foramen, 217, 256, 259 
margin, 217, 256 
nerve, 894 

notch, or foramen, 217, 256, 
259 

vein, 710 

Suprarenal arteries, inferior, 
674 

middle, 674 
superior, 676 
glands, 1250 
accessory, 1*251 
applied anatomy of, 1252 
boundary zone of, 1251 
cortex of, 1251 
development of, 101 
lymphatic vessels of, 771 
medulla of, 1251 
structure of, 1251 
vessels and nerves of, 1252 
impression, 1184 
plexus, 981 


Suprarenal vetns, 741 
Suprascapular artery, 
ligament, 377 
nerve, 937 

Supraspinal ligament, 360 
Supraspinatous fkssa, 274 * 
Supraspinatus, 501 
Suprasternal space, 44S 
Supratonsillar fossa,* 1 1 1 8 
Supratrochlear foramen, 285 
lymph-glands, 758 
nerve, 893 

Supravesical fovea, 1178 
Sural arteries, 698 • 

cutaneous nerve, lateral, 965 
medial, 963 
nerve, 963 

Surface anatomy and surface 
markings of — 
abdomen, 1281, 1283 
regions of, 1283 
surface lines of, 1283 
accessory nerve, 1272 
acoustic meatus, external, 
1270 

acromioclavicular j oint, 
1294, 1298 

adductor canal, 1310 
air-sinuses, 1 264 
anal canal, 1289 
angulus Lud o v ic i , 1 27 0 
ankle-joint, 1 3(15, 1309 
aorta, abdominal, 1282, 
1289 

ascending, 1281 
aortic arch, 1.281 
arteria profunda brouhii, 
1301 

femoris, 1311 

auricular artery, posterior, 
1260 

auscultation, triangle of, 
1277 

axillary artery, 1297, 1301 
lines, 1278 * 
nerve, 1302 
back, 1272, 1274 
biceps braehii, 1296 
bones of cranium, 1257 
of lower extremity, 
1308 

of thorax, 1276, 1277 
of upper extremity, 
1292 

brachial artery, 1.297, 1301 
plexus, 1272, 1297 
brachialis, 1296 
brain, 1262 

Bryant’s triangle, 1308 
caecum, 1286 

calcaneocuboid joint, 1309 
calcaneus, 1304 
carpal bones, 1294 
caruncula lacrimal is, 1269 
central sulcus, 1203 
cerebellum, 1 263 
cerebral, hemisphere, 1262 
cervical cutaneous nerve, 
1272 

circumflex or axillary * 
nerve, 1 302 
clavicle, 1292 
coeiiac artery, 1289 
colic flexure, left, 1286 
right, 1286 

colon, ascending, 1286 
descending, 1286 
transverse, 1286 
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Svfiice anatomy and surface 
markings of (coni.) 

eo in mon *caroti< I arterv, 
1261*; 1272 

left, thoracic part of, 
12* 1 

iliac artery, 1289 
peromeai nerve, 1 SOS, 

mi 

coraco brack ial is, 1 296 
cranium, 1261 
deep peromeai nerve, 1211 
defloideus, 1296 
diaphragm, 127S 
dorsalis podjs artery, 1307, 
1 3 1 1 

duodenum, 1,285 
ear, 1270 

el bow* joint, 1294, 1298 
epigastric arterv, inferior, 
1288 

ex, termil carotid artery, 
1260,1272 

main branches of, 
1272 

iliac artery, 1289 
eve, 1269 
face, 1201 

facial arterv, 12150, 1264, 
1,272 

nerve, 1272 
yeiiLj common, 1.272 
femoral artery, 1307, 1311 
triangle, 13 H) 
femur, 1302 
iilrnla, 1303 
fissures of brain, 1 263 
of lungs, 1279 
fold of butt nek, 1302 
fold of groin, 1281 
fossa oval is or saphenous 
• ■pi-ning, 1310 
frnntai air sinti', 1264 
HU lei, 1,264 
gall-bladder, 1287 
glut anil arterv, inferior, 
13 ll 

superior, 1311 

glutieift fold, 1302 
great auricular nerve, 1272 
head and neck, 1257 
Iteari, 1279 
coronary sulcus, 1280 
lonuitudinal sulcus, an* 
tcrior, 1280 
orifices of, 1280 
Ifcssc] bach's t riam.de, 1289 
hip-bones* 1302 
hip-joint, 1305, 1309 
humeral circumflex 
arteries, 1301 
humerus, 1293 
hyoid bone, 1258 
ileocolic junction, 1286 
. iliac artery, common, 12S9 
external, 1289 

furrow, 1281 
inf ra -orbital nerve, 1 285 
infrasiernal notch, 3276 
* inguinal rings and canal, 
1283 

innominate artery, 1281 
vein, left, 1281 
right, 1281 

, internal pudendal artery, 

Kill 

mferphalangeal joints, 
1294, 1305 


Surface anatomy and surface 
markings of (cant,) 
intestines, 1285 
intraparietal sulcus, 1264 
joints of hand, 1294 
of foot, 1309 
jugular notch, 1276 
vein, anterior, 1272 
external, 1272 
internal, 1272 
kidneys, 1281, 1288 
knee-joint, 1305, 1309 
lacrimal puncta, 1269 
sac, 1269 

large intestine, 1286 
larynx, 1260, 1268 
lateral cerebral fissure, 
1262 

plantar artery, 1311 
sternal lines, "1278 
thoracic artery, 1301 
ventricle of brain, 1264 
latissimus dorsi, 1295, 1300 
left common carotid ar- 
tery, in thorax, 1 281 
lesser occipital nerve, 1272 
linen alba, 1282 
nigra, 1281 
semilunaris, 1281 
lingual artery, 1272 
nerve, 1267 
veins, 1267 
liver, 1281, 3 286 
longitudinal fissure, 1263 
lower extremity, 1302, 
1308 

lumbar triangle, .1281 
lungs, 1279 
mamma, 1277 
mammary artery, internal, 
1281 

line, 1278 

papilla or nipple, 1.277 
mandibular joint, 1258 
mastoid or tympanic 
antrum, ,1270 
maxillary artery, external, 
1260, 1264, 1272 
air-sinus, 1264 
medial plantar artery, 131 1 
median nerve, 1302 
medulla spinalis, 1275 
mental nerve, 1265 
mesenteric artery, inferior, 
1289 

superior, 1289 
metacarpal bones, 1294 
n K*t acarpt >j dialangeal 
joints, 1294 
metatarsal bones, 1304 
metatarsophalangeal 
joints, 1305, 1309 
midaxiliary line, 1278 
midearpal articulation, 
1294 

middle meningeal artery, 
1264 

m ids ternal* line, 1278 
mouth, 1286 
mucous sheaths around 
ankle, 1310 

of wrist and hand, 1300 
muscles of abdomen, 1281, 
1283 

of arm, 1296 
of back, 1274 
of buttock, 1306 
of foot, 1306, 1307 
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Surface anatomy and surface 
markings of (coni.) 
muscles of forearm, 1296 
of hand, 1297 
of head and- neck, 1258, 
of leg, 1306 
of neck, 1271 
of perin am m, 1289 
of ; hie;'.. !3o5 
of : iu. rax. -277 
of upper extremity, 1295 
nasal part of pharynx, 1268 
nasolacrimal duct, 1269 
navicular tuberosity, 1304 
neck, 1263, 1271. 

Nelaton’s line, 1308 
nerves of abdominal wall,. 
1289 

nipple, 1277 
nose, 1266 

occipital artery, 1260 
nerve, lesser, 1272 
oesophagus, 1279 
palatine arches, 1267 
tonsil, 1267 

palmar or volar arches* 
1301, 1302 

palpebral fissure, 1269 
pancreas, 1281, 1287 
parasternal line, 3,278 
pariefco-occipital fissure, 
1264 

parotid duct, 1285 
gland, 1265 
patella, 1303 
pectoralis major, 1295,. 
1300 

minor, 1295, 1800 
perinseum, 3 289 
peronaeal artery, 1311 
nerves, 1311 
phalanges of foot, 1304 
of hand, .1294 
phrenic nerve, 1272 
plantar arch, 133.1 
arteries, 1.311 
pleura?, 1278 
plica semilunaris, 1269 
popliteal artery, 1307,. 
1311 

fossa, 1307, 1310 
postcentral sulcus, 1264 
posterior tibia! artery, 
1307, 1311 

precentral sulcus, 1264 
profunda brachii arterv,. 
1301 

profunda fern oris artery* 
1311 

ribs, 1276 

pudendal arterv, internal,, 
1311 

pupil, 1269 

radial artery, 1297, 1301 
nerve, 1302 
radiocarpal joint, 1294 
radio-ulnar joints, 1294 
radius, 1293 
rectum, 1289 
'.Reid’s base-line, 1262 
renal arteries, 1289 
Icelandic fissure, 1.263 
roots of lungs, 1279 
sacro -iliac art ieu 1 at ion , 
1300, 

saphenous opening, 1310 
veins, 1307, Kill, 
scalp, 1261, 
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Surface anatomy and surface 
markings of (coni.) 
scapula, 1293 
scapular circumflex artery, 
1301 

line, 1278 
sciatic nerve, 1311 
semilunar ganglion, 1265 
serratus anterior, 1295 
?h oulck-r-j oint. 1294 
sma'i. incline. 1285 
space of Traube, 1285 
sphenopalatine ganglion, 
1265 

spinal cord or medulla 
spinalis, 1275 
nerves, 1275 
spleen, 1281, 1287 
sternal angle, 1276 
sternoclavicular joint, 
1294 

sternocleidomastoideus, 

1259 

sternum, 1276 
stomach, 1285 

cardiac orifice, 1285 
pyloric orifice, 1285 
strife gravidarum or albi- 
cantes, 1281 

subclavian artery, 1260, 
1272, 1297 

subdural and subarach- 
noid cavities, 1275 
submaxillary duct, 1267 
gland, 1261 

subscapular artery, 1301 
■superior thyreoid, artery, 
1272 

'supraclavicular nerves, 
1272 

supra-orbital artery, 1260 
nerve, 1265 

■supratrochlear nerve, 1265 
Sylvian fissure, 1263 
talonavicular joint, 1309 
talus, 1303 

tarsometatarsal joints, 
1309 

tarsus and foot, 1304 
temporal artery, super- 
ficial, 1260 

tendinous inscriptions of 
rectus abdominis, 1281 
thoraco-acromial artery, 
1301 

thorax, 1276, 1277 
surface lines of, 1278 
tibia, 1303 

tibial artery, anterior, 
1307, 1311 

posterior, 1307, 1311 
nerve, 1308, 1311 
tongue, 1266 
trachea, 1260, 1279 
trans pyloric line, 1283 
transtubercular line, 1284 
transverse cervical artery, 
1260 

transverse sinus, 1264 
trapezius, 1259, 1295, 1298 
Traube, space of, 1285 
triangle of auscultation, 
1277 

triceps braehii, 1296 
trigeminal neryp, 1265 
tympanic antrum, 1270 
membrane, 1270 
ulna, 1293 


Surface anatomy and surface 
markings of ( roh !.) 
ulnar artery, 1301 

collateral arteries, 1301 
nerve, 1297, 1302 
umbilicus, 1281, 1283 
upper extremity, 1292, 
1297 

ureters, 1288 

urogenital organs, female, 
1291 

male, 1290 

vena cava, inferior, 1281 
superior, 1281 
veins of upper extremity, 
1297 

vermiform process, 1286 
vertebral column, 1272 
vocal cords, 1260 
volar or palmar arches, 
1301, 1302 

wrist and hand, 1292, 1294 
wrist- joint, 1294, 1298 
xiphoid process, 1276 
Surfaces of bones, 164 
Surgical emphysema, 1091 
neck of humerus, 282 
Suspensory ligament of axilla, 
496 

of eye, 1013 
of lens, 1006 
of ovary, 1226 
of penis, 1222 
muscle of duodenum, 1156 
Sustentacular fibres of Muller, 
1005 

Sustentaculum lienis, 1144 
tali, 340 
Sutura, 352 
harmonia, 352 
serrata, 352 
squamosa, 352 
Sutural bones, 229 

applied anatomy of, 229 
ligament, 351 

Suture, coronal, 247, 251 , 260 
frontal, 217, 247, 256 
fronto -ethmoidal, 258, 260 
frontolacrimal, 256, 258 
fronto in axillary, 256, 258, 

259 

frontonasal, 256 
frontosphenoidal, 258 
lac r i mo -e thmoidal ,258 
lacrimomaxillary, 258 
lambdoid, 216, 247, 251, 254, 

260 

mctopic, 217 

occipitomastoid, 251, 254, 
262 

parietomastoid, 251, 254, 262 
petro-occipital, 262 
petrosquamosal, 208, 210,212 
sagittal, 216, 247, 260 
spheno-ethmoidal, 258, 260 
sphenofrontal, 251, 260 
sphenoparietal, 251, 261 
sphenopetrosal, 261 
sphere >squamos;iI, 251, 261 
sphenozygomatic, 259 
squamosal, 208, 251, 261 
zygt uuaticuf rental, 259 
zygomaticomaxillary, 259 
Sutures, obliteration of, 269 
Sweat -glands, 1057 
development of, 84 
Swellings, ary tamo id, 145 
genital, 159 


Swellings, lateral lingual, 13^ 
Sylvian fossa, 99 
vein, deep, 7 If e 

veins, superficial, 716 
Sylvius, aqueduct of, 831 
fissure of, 99, 8*15, 1263 . 

S vine’s amputation, 349 
Sympathetic nervous system, 
779, 969, 919 . ‘ 
abdominal portion, 977 
cephalic portion. 973 
cervical ;>74 

pelvic portion, 97 s 
thoracic portion, 975 
applied anatomy of, 982 
connexions with spinal 
nerves, 927 
development of, 100 
ganglia, central, 971 
collateral, 971 
terminal, 971 
great plexuses of, 978 
: i. i 978 
cceliae, 999 
hypogastric, 981 
pelvic, 981 
solar, 979 
trunks, 973 
Sympathoblasts, 1 00 
Sympathoehro maffin cel Is, 
‘100 

Symphysis, 353 
of mandible, 241 
pubis, 400 
sacrococcygeal, 3u i. 
Synarthroses, 352 
gom phnsis, 353 
synchondrosis, 353 
sutura, 352 
Synchondrosis, 353 
neurocentral, 179 
Syiicvt iotrojihoblast, 49, 64 
Syncytium, 49 
Syndesmology, 35 1, 
Syndesmosis, 353 
Synechia, 1009 
Synergic muscles, 434 
Synostosis, pro mat u re, 26 
Synovia, 352 * 

Synovial stratum of articular 
capsule, 351 
Sy ri ngo m y el i a, 7 98 
Systems, Haversian, 20 
Systemic circulation, 569 
veins, 708 
Systole, atrial, 591 
ventricular, 591 

Tabes dorsalis, 877 
Tables of the skull, 164, 199 
Tactile corpuscles of Golgi and 
Mazzoni, 1050 
of Gran dry, 1049 
of Herbs! , 1049 
of Pacini, 1050 
of Buffini, 1050 
of Wagner and Meissner, 
1050 
sense, 874 
area for, 871 
Tamia libera, 1170 
mcsocoHca, 1170 
omental is, 1.170 
pontis, 825 
semicircularis, 861 
thalami, S3 3 
Tamia*. coll, 1170 
of fourth ventricle, 823 
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Pali j ids or Hub fool, 558 
I’jftt •ralcanoa] articulation, 424 
liganwnt, an%‘rim\ 424 
interosseous 425 
hit * tjiI, 4.24 
medial, 4‘^5 
Y»oHt»-i inr, 424 

Cab K‘al<*!iiu‘< »nav ieular articu- 
lation, 425 

[alnmiral flrt imitation, 420 
applied anatomy of, 424 
movements of, 423 
relations of tendon** and 
vessels to, 423 
surface altatomy of, 1305 
Palotihular ligamwit, anterior, 
422 

posterior, 422 

Palonav km far ligament, 425 
Talotibial ligament* anterior, 
422 

posterior, 422 
Talus, 334 

ossification of, 347, 348 
Tangential fibres of cerebral 
cortex, Stitt 

Taprt uiii of eliorand, 90S 
of eorpus eallosum, 853 
Tarsal arteries, 7u3 
f nines* 334 

e.tiraneus {oh ealeis), 339 
cuboid, 344 
eunrtffii m, first, 342 
third, 343 
Seen j id, 312 
navicular, 341 
talus (aMrauedus), 334 
applied emit.. my of, 349 
fractures of, 249 
ossification of, 347 
surface anatomy of, 1303 
glands, |ol7 

structure of. Hi 1 7 
joints, 424 

applied anatomy of, 428 
Tarsi of eyelids, 10 lil 
Carat * me t at. arsa I art. ieu I u t h > ns, 
428 

Tarsus, 334 * 

applied anatomy of, 349 
ossification of, 347 
surface anatomy of, 1303 
Taste, area for sense of, 871 
nerves of, 984 
organ of, 983 
Taste diuiis, 983 
Tutorial membrane, 1049 
accessory, 1040 
Tert ok pitta! f uncivil I us, 794 
Tectum anterius, 73 
rntmiMHiiiiM, 73 
fiosteriiia, 73 
Teeth, ilOi 

applied anatomy of, 1111 
bicuspids, 1103 
canines, 1103 

cement or crust a petrosa of* 

1 urn 

crowns of, 1102 
cusp ids* 1103 
deciduous, 1101, 1104 
dens serotinus, 1104 
dental formula 1 , 1101 
dentine of, 1 104 

chemical composition of, 
3105 

development of, 1 106* ,1 1 10 
enamel of, 1106 


Teeth {cant.) 

enamel* chemical composi- 
tion of, 1106 
eruption of, 1110 
eye-teeth* 1103 
general characteristics of, 
1102 

incisors, 1102 
ivory or dentine of, 1104 
lymphatic vessels of, 755 
milk, 1104 
molars, 1104 
multicuspids, 1104 
necks of, 1102 
permanent, 1101, 1102 
premolars, 1103 
pulp-cavity of, 1.104 
roots of, 1102 
structure of, 1104 
substantia adamantina of, 
1106 

ebumea of, 1104 
ossca of, 1106 

succcssional permanent, 1110 
superadded permanent, 1110 
wisdom, 1104 

Teeth, auditory of Huschke, 
1043 

Teg men tympaiii, 209, 210, 
1027 

Tegmental or dorsal part of 
pons, 813 
Tegmentum* 827 
T.-la ehorioidea of fourth ven- 
tricle, 823 

of third ventricle, 865 
Trieneepliahim 94* 842 
Telophase, 3 
Temperature sense, 875 
'Temporal arteries* deep, 619 
middle, 616 
superficial, 616 

applied anatomy of, 616 
hone, 206 

mastoid portion of, 208 
ossification of, 213 
petrous portion of, 210 
pyramid of, 210 
squama of, 206 
structure of, 213 
styloid process of, 213 
tympanic part of, 212 
fascia, 444 
fossa, 251 
trvri, 849 

lines, 206, 215, 217, 247, 251 
lobe, 848 
nerves, deep, 900 
superficial, 902 
of facial, 912 
operculum, 850 
process of zygomatic bone, 

' 240 
sulci, 849 
vein, middle, 719 
superficial, 710 
Temporal is, 444 
Temporary cartilage, 14 ^ 
Temporomalar nerve, 896 
Temporomandibular ligament, 
356 

Temporomax ill ary vein, 711 
Tendo Achillis, 552 
calcaneus, 552 
rupture of, 558 
ocuii, 439, 1017 

Tendinous arch of pelvic fascia, 
484 


1371 

Tendinous inscriptions of rectus 
abdominis, 477 
point, central, of perimeum, 
487 

Tendon- cells, 11 
Tendon, central, of diaphragm, 
466 

conjoined, of internal oblique 
and transversus, 476 
of conus arteriosus, 583 
reactions, 877 
structure of, 11 
superior, of Lockwood, 1012 
of Zinn, 1012 
Tendons, 435 

on back of wrist, mucous 
sheaths of, 519 

Tendril fibres of cerebellum, 
821 

Tenon, capsule of, 1013 
Tenosynovitis, 518 
Tensor fascia latse, 534 
palati, 1120 
tarsi, 438 
tympani, 1033 
semicanal for, 212, 1030 
veli palatini, 1120 
Tenth rib, 192 
Tenth thoracic vertebra, 172 
Tentorium cerebelli, 879 
Teres major, 502 
minor, 502 
Terminal vein, 717 
ventricle, 86, 789 
Terminations of motor nerves., 
781 

of nerves of general sensa- 
tions, 1048 
Testes, 1212 

appendages of, 1212 
applied anatomy of, 156, 
1215 

coni vaseulosi of, 1214 
corpus Highmori of, 1213 
descent of, 154 
development of, 154 
ductuli efferentes of, 1214 
ductus deferens of, 1216 
epididymis , 1 2 1 2 
gubernaculum testis, 155 
interstitial cells of, 1214 
lobuli testis, 1212 
lymphatic vessels of, 773 
mediastinum testis, 1212 
rete testis, 1214 
septula testis, 1212 
structure of, 121.2 
tubuli seminiferi contorti, 
1212 

tubuli seminiferi recti, 

1214 

tunica albuginea, 1212 
vaginalis, 1212 
vasculosa, 1212 
vessels and nerves of, 1215 
Testicular arteries, 674, 1215 
veins, 741, 1215 

applied anatomy of, 741 
Testis-cords, 154 
Thai amence phalon, 832 
Thalami, 832 

connexions of, 834 
development of, 94 
massa intermedia, 94, 833 
stalks of, £$5 
structure of, 834 
Thalamocortical fibres, 834 
Thalamo-olivary fasciculus, 835 
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Thebesius, valve of, 582 
Theca folliculi, 1228 
Thecal paronychia, 523 
Thenar eminence, 518 
Thigh, fascia lata of, 533 
muscles of, 533 
superficial fascia of, 533 
Third cervical nerve, posterior 
division of, 929 
cuneiform bone, 343 
ossification of, 347 
metacarpal bone, 304 
styloid pi’ocess of, 304 
metatarsal bone, 345 
occipital nerve, 929 « 

trochanter, 321 
ventricle of the brain, 841 
chorioid plexuses of, 841 
Thoracic aorta, 661 

applied anatomy of, 663 
branches of, 663 
peculiarities of, 661 
Thoracic artery, highest, 646 
lateral, 647 
long, 647 
superior, 646 
axis, 646 
cavity, 574 ■ 

curve of vertebral column, 
1S2 

duct, 74S 

applied anatomy of, 750 
nerve, long, 937 

applied anatomy of, 
947 
first, 948 
twelfth, 950 
nerves, anterior, 938 

anterior divisions of, 948 
applied anatomy of, 951 
posterior divisions of, 930 
part of oesophagus, 1128 
portion of sympathetic, 975 
vertebra, 170 

viscera, lymphatic vessels of, 
778 

wall, lymphatic vessels of, 
777 

Thoraco -acromial artery, 646 
Thoracodorsal nerve, 939 
Thoraco-epigastric vein, 734 
Thorax, 193 

boundaries of, 193 
cavity of, 574 
inspection of, 1092 
lower opening of, 193, 574 
lymph-glands of, 775 
lymphatic vessels of, 777 
mechanism of, 372 
muscles of, 462 
palpation of, 1092 
parts passing through upper 
opening of, 574 
through lower opening 
of, 574 

percussion of, 1092 
in rickets, 195 
skeleton of, 193 
subcostal angle, 194. 
surface anatomy of, 1270 
lines of, 1278 
markings of, 1277 
upper opening of, 193, 574 
veins of, 729 
Thrombokinase, 28 
Thumb, carpometacarpal arti- 
culation of, 395 
Thymic asthma, 1249 


Thymic branch of innominate 
artery, 602 
Thymus, 1247 
applied anatomy of, 1249 
concentric corpuscles of, 
1249 

cortical portion of, 1248 
development of, 135 
lymphatic vessels of, 778 
medullary portion of, 1249 
structure of, 1248 
vessels and nerves of, 1249 
Thymus -death, 1249 
Thyreoarytsenoideus, 1069 
Thyreo cervical trunk, 640 
Thvreo -epiglottic ligament, 
1062 

Thyreoepiglotticus, 1070 
Thyreoglossal duct, 134 
Thyreohyoideus, 453 
nerve to, 925 

Thyreoid artery, inferior, 640 
superior, 609 

applied anatomy of, 610 
axis, 640 
cartilage, 1059 
development of, 146 
gland. 1243 

applied anatomy of, 1245 
development of, 134 
isthmus of, 1245 
lobes of, 1244 
lymphatic vessels of, 757 
pyramidal lobe of, 1245 
structure of, 1245 
vessels and nerves of, 1245 
notch, superior, 1060 
veins, inferior, 729 
middle, 714 
superior, 714 

Thyreoidea ima artery, 602 
Thyreoids, accessory, 1245 
Thyreotomy, 1076 
Tibia, 327 v 

applied anatomy of, 333 
condyles of, 327 
fractures of, 333, 568 
intereondyloid eminence of, 
327 

ossification of, 330 
spine of, 327 
structure of, 330 
surface anatomy of, 1303 
tuberosity of, 327 
Tibia! artery, anterior, 700 

applied anatomy of, 701 
branches of, 701 
peculiarities of, 700 
surface marking of, 1311 
posterior, 703 

applied anatomy of, 704 
branches of, 705 
peculiarities of, 704 
surface marking of, 1311 
collateral ligament of knee- 
joint, 413 

lymph-gland, anterior, 761 
nerve, 963 # 

surface* marking of, 1311 
anterior, 965 

recurrent artery, anterior, 
701 

posterior, 701 
spine, 327 

surfaces of femur, 323 
veins, 736 

Tibialis anterior, 550 
posterior, 555 


Tibiofibular articulation, distal, 
420 * 

proximal, ^ 19 
syndesmosi^ 420 
Tibionavicular ligament, 422 
Tinnitus auriunj, 915 
Tissue, adipose, 9 
areolar, 7 
cancellous, 17 
connective, 7 
lymphoid, 12 
mucoid, 12 
muscular, 29 
nervous, 33 

retiform or reticular, 12 
subserous areolar, 1134 
white fibrous, 10 
yellow elastic, 11 
Tomes, fibres of, 1105 
granular layer of, 1105 
Tongue, 1111 
apex of, 1111 
applied anatomy of, 1118 
development of, 134 
dorsum of, 1111 
folia linguae of, 1112 
foramen caecum of, 1111 
frenulum of, 1112 
glands of, 1117 
lingual tonsil, 1112 
lymphatic vessels of, 756 
mucous membrane of, 1117 
muscles of, 111-4 
oral part of, 1111 
papillae of, 1113 
pharyngeal part of, 1112 . 
plica fimbriata of, ,1112 
root of, 1 1 .1 1 
septum of, 1117 

applied anatomy of, 1117 
structure of, 1 1 1.7 
sulcus terminalLs of, Mil 
vessels and nerves of, 1 1 17 
Tonsil, lingual, 1112, 1119 
palatine, 1 1 1 8 
Tonsillse of cerebellum, 817 
Tonsillar artery, 613 
nerves froiji glossopharyn- 
geal, 917 * » 

sinus, 1118 

Tonsils, palatine, 1118 

applied anatomy of, 1119 
development of, 134 
lymphatic vessels of, 755 
structure of, 1119 
vessels and nerves of, 
111.9 

Torcular Hemphill, 197, 720* 
Torsion of spermatic cord, 1215 
Torticollis or wryneck, 451, 
922 

Torus tubarius, 1031, 1122 
uretericus, 1206 
uterinus, 1138 

Trabecula*, came® of left ven- 
tricle, 587 

of right ventricle, 584 
Trabecule of penis, 1222 
of spleen, 1254 
Trachea, 1072 
applied anatomy of, 1076* 
mucous membrane of, 1076 
relations of cervical part, 
1072 

of thoracic part, 1074 
surface marking of, 1279 
structure of, 1075 
vessels and nerves of, 1076 
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Tracheal tranches of inferior 
• thyreoid arftay, 641 
lytniii- ulamD, 77(5 
Tracheal tuguir^s:, (501 
Tracheal is m usde, i < 17.7 
Traohol* •mast oldens, 4.78 
T r j if Ik * o 1 > n. i riiTd a l lymph* 
if lands, 77(5 

applied anatomy of, 777 
Traehentoffiy, 1077 
Trachoma glands, 1018 

Tract or tracts 

anterior basis bundle, 783 
of Burdach, 79.7 
rerebelhtr, alb-rent , 87(5 
■ direct. 79.7, 80(5 
efferent, 87(5 
c*e re bro-oliva ry, 808 
emobrospinal, anterior, 798 
lateral, 794 
uncrossed lateral, 794 
comma-shaped, 799 
corn iteommiHKura}, 790 
crossed p\ r.i mM.d, 79 4 
direct eerehellar, 79.7, 800 
dorsal peripheral band, 790 
of Kieehsiy, 79.7 
front o punt ine, 8.79 
of Boll, 79.7 
of i *i overs, 79.7 
iliotibial, .7.44 
lateral basis bundle, 79.1 
of hwatwr, 79.7 

* 4 Mon;iku\\, 794 
motor, principal, 879 

• secondary, 874 
olfaetory, 8.71 
etlivoeereliellar, 808 
o!i\ ospinal (Helwcirh 791 
oj it jr, s ii ), 889 
oval area of Kleehsitr, 797 
proprius anterior, 794 
lateralis, 79.7 
pyramidal, crossed, 794 
pyramidal, direct, 798 
rubrospinal of Ihmakovv, 
794, 847 
usury, 874, # 

.spinal* <*f trigeminal nerve, 
819, 892 

:spim n-erebellar, anterior, 791 : 
sq.m-. olivary, 808 
tspimOeetal, 791 
.spinothalamic. 794, 791 
t * •<*! ospinal, 794 
tb.damo-olivory, 891 
t rianguUr .strand, 797 
vr*n ilmlospiual, 794 

Traction epiphyses, 21 

Tract us peduneu laris trails- 
vermin, 827* 
solitarius, 91, J 00 
spiral is foraminosuH, 211, 
1047, 1047 
Tragiens, 1024 
Ttsagun, 1022 
Transpyhuh- plane, 1144 
Trails! nbereuiar plants 1144 
Tramvcrsa colli artery, 042 
Transversal is eervieis, 458 

* fascia, 480' 

Transverse acetabular liga- 
ment, 400 

carpal ligament, 518 
cervical artery, 642 

ascending branch, 642 
descending branch, 642 
nerve, 944 


Transverse colon, 1166 
crural ligament, 558 
diameter «>f pelvis, 414 
facial artery, 616 
vein, 71.1 

fasciculi, superficial of hand, 
522 

fibres of cerebral hemi- 
spheres, 8(56 
of pons, 812 
iissure uf brain, 865 
of liver, 1184 
folds of rectum, 1168 
humeral ligament, 380 
ligament of atlas, 464 
crus mferius, 464 
crus an perms, 464 
inferior, of distal- tibio- 
fibular articulation, 420 
of knee, 415 
metacarpal, 396 
metatarsal, 429 
of pel vis, 489 

ligaments of scapula, 477, 478 
mesocolon, 1144 
occipital sulcus, 848 
processes of a vertebra, 165 
scapular artery, 641 
sinus of pericardium, 576 
sinuses of dura mater, 719, 
1264 

sulcus, 197, 264 
tarsal joint, 426 
temporal gyri, 848 
Transversus abdominis, 476 
auriculas 1024 
lingua*, 1116 
menti, 441 
nuclue, 447 
pedis, 565 
perimei profundus, 
in female, 492 
in male, 490 
supertudalm, 
in female, 491 
in male, 488 
thoracis, 464 
Trapezium, 400 
Trapezius, 494 
Trapezoid, 400 
Trapezoid body, 814 
1 ligament, 476 
nucleus, 814 
ridge, 280 

Treitz, suspensory muscle of, 
115(5 

Treves, bloodless fold of, 1146 
Triangle or triangles — 
anterior of neck, 621, 
of auscultation, 495, 1277 
Bryant’s, 1408 
carotid, 621 
inferior, 621 
deltoideopeetoral, 497 
digastric, 622 
femoral, 689, 1410 
of Hosselbach, 1174, 1289 
lumbar, 495 
muscular, 62 1 
occipital, 622 
of Petit, 495 
of Scarpa, 689 
posterior of neck, 621 
subclavian, 624 
submaxillary, 622 
suboccipital, 462, 646 
suprahyoid, 622 
suprameatal, 206, 252 


Triangular fascia, 473 
ligament, 489 

deep layer of, 490 
superficial layer of, 489 
left, of liver, 1134, 1185 
right, of liver, 1134, 1185 
strand, 797 
Triangularis, 441 
Triangularis sterni, 463 
Triceps brachii, 506 

applied anatomy of, 507 
snrfe, 552 

Tricuspid valve, 583 
Trigeminal impression, 210 
nerve, 892 

applied anatomy of, 903 
divisions of, 892 
mesencephalic root of, 813, 
893 

motor root, of, 893 
nuclei of, 813, 831, 893 
sensory root of, 892 
spinal tract of, SI 3, 892 
surface marking, of, 1265 
nerve-reflexes, 903 
Trigone, olfactory, 851 
Trigonum collaterale, 857 
fibrosum, 587 
habenulae, 836 
hypoglossi, 806, 824, 923 
vesicae, 1206 
Triquetral bone, 299 
ossification of, 305 
Trochanter, greater, 319 
lesser, 320 
third, 321 

Trochanteric fossa, 419 
Trochlea of humerus, 285 
of talus, 338 

Trochlear fovea, 218, 257 
nerve, 891 

applied anatomy of, 892 
nucleus of, 831 
process of calcaneus, 340 
spine, 218, 257 
Trochoid articulation, 354 
Trolard, great anastomotic 
vein of, 716 

Troltsch, recesses of, 1034 
Troplm blast, 49 
Tropical abscess of liver, 745, 
1191 

True ligaments of urinary 
bladder, 1204 
ribs, 188 

vocal cords, 1067 
Tr uncus arteriosus, 113 
Trunk, arteries of, 661 
fasciae and muscles of, 456 
Trunks, sympathetic, 973 
Tubal pregnancy, -47 
Tube, auditory or Eustachian, 
1030 

pharyngeal ostium of, 
1122 

tonsil of, 1031 
digestive, 1092 
laryngotracheal, 1 45 
neural, 52 ' 

Tube-tonsil, 1031 
Tu ber cine re u m, 838 
ornentale of liver, 1.185 
of pancreas, 1178 
vermis, 81.7 

Tubercle, adductor, 421 

articular/ of temporal bone 
207, 250 

auricular, of Darwin, 1.022 
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Tubercle ( cont .) 
of Chassaignac, 167 
clo'acal, 158 
conoid, 280 
cuneate, 803 
deltoid, 280 
of epiglottis, 1063 
of femur, 320 
genital, 159 

of humerus, greater, 282 
lesser, 282 
intervenous, 582 
lacrimal, 233 
of Lower, 582 
mental, 242, 257 
obturator, anterior, 312 
posterior, 309, 312 
orbital, 259 
peronseal, 340 
pharyngeal, 198, 250 
postglenoid, 207 
pterygoid, 204, 250 
pubic, 311 
of rib, 190 
ligament of, 370 
of Eolando, S03 
scalene, 191 

Tuberculum anterius, 167 
oaroticum, 167 
einereum, 803 
impar, 134 
jugulare, 199 
posterius, 167 
sell®, 200, 261 
Tuberosity, calcaneal, 341 
coracoid, 280 
costal, 281 
of cuboid bone, 344 
deltoid, 284 

of fifth metatarsal bone, 346 

frontal, 217, 247, 251, 255 

glutseal, 321 

Iliac, 309 

infraglenoid, 277 

of ischium, 310 

maxillary, 230 

of navicular bone, 342 

of palatine bone, 238 

parietal, 215, 247, 251 

radial, 290 

sacral, 176 

supraglenoid, 278 

of tibia, 327 

ulnar, 292 

Tubes, uterine or Fallopian, 
1230 

Tubotympanie recess, 107 
Tubules, renal, 1196 
Wolffian, 150 
Tubuli lactiferi, 1242 
seminiferi contort!, 1214 
recti, 1214 

Tunic, dartos, 464, 470, 1220 
Tunica adventitia, 570, 573 
albuginea of ovary, 1227 
of testis, 1213 
elastica externa, 570 
intima, 570, 573 
media, 570, 573 
vaginalia of testis, 156, 1213 
vasculosa of testis, 1213 
Tunics of eye, 993 
fibrous, 993 
cornea, 995 
sclera, 993 # 

nervous (retina), 1001 
vascular, 997 
chorioid, 997 


Tunic, vascular, of eye (cont.) 
ciliary body, 998 
iris, 999 

Tunnel of Corti, 1044 
Turner, intraparietal sulcus of, 
847 

Twelfth rib, 192 
thoracic nerve, 950 
vertebra, 172 

Tympanic antrum, 209, 1030 
entrance to, 1030 
surface marking of , 1270 
artery, anterior, 618 
inferior, 611 
superior, 618 

branch of glossopharyngeal 
nerve, 1034 

canaliculus, inferior, 212, 251 
cavity, 1027 

applied anatomy of, 1034 
attic or epitympanic recess 
of, 1027 

auditory (Eustachian) 
tube, 1030 

carotid or anterior wall of, 
1030 

development of, 108 
jugular wall or floor of, 

. 1027 

labyrinthie or medial wall 
of, 1029 

mastoid or posterior wall 
of, 1030 

membranous or lateral 
wall of, 1027 
mucous membrane of, 
1034 

muscles of, 1033 
ossicles of, 1031 
development of, 108 
movements of, 1033 
tegmental wall or roof of, 
1027 

vessels and nerves of, 1034 
crests, superior and inferior, 
213* 
lip, 1042 
membrane, 1028 

fibrocartilaginous ring of, 
1208 

malleolar folds of, 1208 
pars fiaccida, 1028 
pars tensa, 1028 
secondary, 1029, 1038 
structure of, 1028 
umbo of, 1208 
vessels and nerves of, 1028 
nerve (Jacobson’s), 917, 1034 
part of temporal bone, 212 
plexus, 917, 1025 
ring, 213 

sulcus, 212, 1025, 1028 
Tympanohyal part of styloid 
process, 214 

Tympanomastoid fissure, 250 
Typical vertebra, 164 

Ulna, 291 

applied anatomy of, 294 
coronoid process of, 292 
fracture of, 294, 530 
olecranon of, 292 
ossification of, 294 
radial notch of, 293 
semilunar notch of, 292 
sigmoid -cavities of, 292, 293 
structure of, 294 
styloid process of, 294 


Ulna {cont.) 

surface anafomy of, 1 293* 
tuberosity of^292 • 

Ulnar artery, fjp? 

applied anatomy of, 657 
branches of ^658 
peculiarities of, 657 * 

surface marking of, 1301 
Ulnar collateral artery, inferior. 
652 

superior, 652 

Ulnar collateral ligament of 
elbow-joint, 384 
of wrist-joint, 392 
Ulnar collateral nerfe, 945 
Ulnar recurrent artery, dorsal, 
658 

volar, 658 
Ulnar nerve, 942 

applied anatomy of, 947 
surface marking of, 1302 
notch of radius, 290 
tuberosity, 292 
Ultimobranchial bodies, 135 
Umbilical arteries in foetus, 0f> 
592, 678 
cord, 61 

velamentous insertion of, 
67 

folds, 1173, 1205 
ligament, lateral, 078 
middle, 1205 
region, 1133 ^ • 

vein, fossa for, 1183 
veins, 65, 11.2, 594 
vesicle, 56 * 

Umbilicus, 481), 1281 
Umbo of tympanic membrane, 
1028 

Unciform bone, 302 
Uncinate fasciculus, 866 

process of ethmoidal bone, 
222, 266 

of head of pancreas, 1176 
Uncrossed lateral cerebrospinal 
fibres, 794 
Uncus, 850 

Ungual phalanges of foot, 347 
of hand, 306 • 

Unipolar nervef- cells , 34 
Unstriped muscle, 32 
Upper extremity, arteries of, 
631 

articulations of, 374 
bones of, 274 

fasciae and muscles of, 492 
lymph -glands of, 758 j 

deep, 759 ^ 

superficial, 758 
lymphatic vessels of, 760 
deep, 760 
superficial, 761 
surface anatomy of, 1292 
surface markings of, 1297 
veins of, 724 

Upper motor neurons, 877 
Urachus, 157, 1202 
Ureter, 1200 
abdominal part of, 1200 
applied anatomy of, 1202 
arteries of, 1202 
lymphatic vessels of, 772 
muscles of, 1 207 
nerves of, 1202 
orifices of, 1206 
pelvic part of, 1201 
structure of, 1201 
surface marking of, 1288 
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U?ethra, development oi, i59 
femaTe, 121 If 
male, 1208 * 

applied anatomy of, 1210 
^cavernous portion of, 1209 
crest or verumontanum of, 
1209 


fossa ijavicularis of, 1210 
lacuna? of, 1210, 1211 
lymphatic vessels of, 773 
membranous portion of, 
1209 


prost^tic portion of, 1208 
prostatic sinus, 1209 
utricle, 12*09 
structure of, 1211 
Urethral artery, 681 
bulb, 1221 
artery of, 681 
nerve of, 967 
crest, in female, 1211 
in male, 1209 
glands, 1210, 1211 
orifice, external, 1210, 1240 
internal, 1207 
plate, 159 

Urinary bladder, 1202 

applied anatomy of, 1207 
development of, 157 
lymphatic vessels of, 772 
organs, 1191 

gladder, 1202 
kidneys, 1192 
ureters, 1200 

5 urethra, female, 1211 
* male, 1208 

development of, 159 
lymphatic vessels of, 771 
Urogenital apparatus, 1191 
development of, 149 
diaphragm, 489 
fasci® of, 489, 490 
fold, 150 

ostium, primitive, 159 
region, fascia of, 487, 489 
muscles of, in female, 491 
in 487 
sinus, hfl 

Urorectal septum, 142 
Uterine artery, 679 
cervical ganglion, 982 
glands, 1236 
plexus of nerves, 982 
plexuses of veins, 739 
tube, 1230 

abdominal ostium of, 1230 
ampulla of, 1230 
appendices vesiculosa of, 
1230 

applied anatomy of, 1230 
development of, 153 
iirabri® of, 1230 
hydatids of Morgagni, 1230 
infundibulum of, 1230 
isthmus of, 1230 
lymphatic vessels of, 774 
pars uterina tuba, 1230 
structure of, 1230 
yterosacral ligaments, 1234 
Uterus, 1231 

applied anatomy of, 1237 
body of, 1232 
canal of cervix, 1233 
cavity of body, 1233 
cervix of, 1233 
development of, 153 
in foetus, 1234 
fundus of, 1232 


Uterus (coni) 
interior of, 1233 
isthmus of, 1232 
ligaments of, 1233 
lymphatic vessels of, 774 
during menstruation, 1235 
in old age, 1335 
orifice of, externa], 1233 
internal, 1232 
after parturition, 1235 
during pregnancy, 1235 
at puberty, 1234 
structure of, 1235 
vessels and nerves of, 1236 
virgin state of, 1231 
Uterus masculimis, or prostatic 
utricle, 1209 
Utricle, prostatic, 1209 
of vestibule, 1039 
ductus utriculosaccularis, 
1039 

macula acustica utriculi, 
1039 

structure of, 1040 
Uvea, 1000, 1002 
Uvula of cerebellum, 817 
palatine, 1095 
vesica?, 1207 

Vagina, 1237 
columns of, 1238 
development, of, 153 
fornices of, 1237 
lymphatic vessels of, 774 
orifice of, 1239 
structure of, 1238 
vestibule of, 1239 
Vagina processus sty loidei, 212, 
250 

Vagina? mucosa?, 352 
Vaginal artery, 680 
hydrocele, 1216 
ligaments of foot, 063 
of hand, 510 
orifice, 1239 
plexus of nerves, 982 
plexuses of veins, 739 
process of sphenoidal bone, 
202, 204 

of temporal bone, 212 
Vagus nerve, 917 

applied anatomy of, 921 
ganglion nodosum of, 917 
jugular ganglion of, 917 
motor fibres of, 917 
nuclei of, 917, 918 
sensory fibres of, 917 
Vallecula cerebelli, 814 
Vallecula of tongue, 1062 
Valsalva, sinuses of, 585, 587 
Valve or valves— 
anal, 1170 

aortic semilunar, 586 
bicuspid, 586 
colic, 1152 

of coronary sinus, 1 14,582,708 
of lOustaohius, 5S2, 740 
of heart, actions of, 591 
development of, 1 1 8 
of Houston, 1168 
of inferior vena cava, 114, 
582, 592, 740 
of lymphatic vessels, 746 
mitral, 586 

pulmonary semilunar, 584 
right and left venous, 114 
of Thebes iiis, 582,' 70S 
tricuspid, 583 


Valve or valves (coni) 
of veins, 573 
of Vieussens, 817 
Valvulse conniventes, 1158 
Varicocele, 741 

Varicosity of saphenous veins, 
735 

Vas aberrans of Haller, 1217 
deferens, 1216 
spirale, 1044 

Vasa aberrantia, from brachial 
artery, 649 

brevia of stomach, 669 
intestini tenuis, 670 
vasorum of arteries, 571 
of veins, 574 

Vascular area of yolk-sac, 109 
capsule of lens, 104 
system, changes in, at birth, 
594 

development of, 109 
peculiarities of, in foetus, 592 
tunic of eye-ball, 997 
chorioid, 997 
ciliary body* 998 
iris, 999 

Vasomotor nerve-fibres, 780 
Vastus intermedius, 537 
lateralis, 536 
medialis, 537 
Vater, ampulla of, 1190 
Vein or veins — 
of abdomen and pelvis, 737 
accessory hemiazygos, 731 
saphenous, 734 
anastomotic, of Labbe, 716 
of Trolard, 716 
angular, 710 

antibrachial, median, 727 
ascending lumbar, 741 
auditory, internal, 1048 
auricular, posterior, 712 
axillary, 727 

applied anatomy of, 727 
azygos, 731 
basal, 717 
basilic, 726 
basivertebral, 733 
brachial, 727 
of the brain, 716 
bronchial, 732, 1091 
cardiac, 708, 709 
cardinal, anterior, 125 
posterior, 125 

carotid plexus, internal, 724 
cava, inferior, 740 

applied anatomy of, 740 
superior, 729 

applied anatomy of, 731 
cephalic, 725 
accessory, 726 
cerebellar, 717 
cerebral, 716 

anastomotic of Labbe, 71.6 
of Trolard, 716 
anterior, 717 
basal, 717 

basilic, median, 726 
chorioid, 717 
deep middle, 717 
external, 716 
of Galen, 717 
great, of Galen, 717 
inferior, 716 
inferior striate, 717 
internal, 717 
middle, 716 
superior, 716 
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Radial artery (cant.) 

suiface marking of, 1301 
collateral ligament of elbow- 
joint, 385 
of wrist- joint, 392 
fibres of cerebral cortex, 869 
fossa, 285 
nerve, 944 

applied anatomy of, 947 
deep branch, 946 
superficial branch , 946 
surface marking of, 1302 
notch of ulna, 293 
recurrent artery, 655 
tuberosity, 290 
Radiate ligament, 368 
sternocostal ligaments, 371 
Radiations, optic, 889 
Radii lentis, 1007 
Radiocarpal articulation, 390 
applied anatomy of, 395 
movements of, 392 
surface anatomy of, 1294, 
1298 

ligament, dorsal, 391 
volar, 391 

Radio-ulnar articulation, dis- 
tal, 388 

movements of, 389 
surface anatomy of, 1294 
proximal, 387 

movements of, 389 
surface anatomy of, 1294 
union, middle, 387 
Radius, 287 

applied anatomy of, 295, 
390, 529 

fracture of, 295, 529, 530 
oblique line of, 290 
ossification of, 291 
sigmoid cavity of, 290 
structure of, 291 
styloid process of, 291 
surface anatomy of, 1293 
tuberosity of, 290 
ulnar notch of, 290 
Rami communicantes, 927 
dorsales 1 ingum, 611 
Ramus colli, 912 
descenders of occipital 
artery, 614 
of mandible, 242 
of ischium, inferior, 310 
superior, 310 

marginalis mandibulm, 912 
perform ns cruris, 123 
taisi, 123 

of os pubis, inferior, 311 
superior, 310 
Ranine artery, 61 1 
vein, 714 

Ranvier, crosses of, 38 
nodes of, 38 

Raphe, anococcygeal, 485, 487 
lateral palpebral, 439 
of medulla oblongata, 800 
of palate, 1095 
pterygom an dibul ar, 443 
of scrotum, 1219 
Ratlike, pouch of, 136 
Rays, medullary, of kidney, 
1196 

Recess, epitympanie, 209/1027 
lienal, 1140 
nasopalatine, 988 - 
omental, inferior, 1140 
middle, 1140 
superior, 1140 


Recess {coni.) 
optic, 841 
pharyngeal, 1123 
pineal, 842 

spheno-ethmoidal, 266, 987 
tubotympanic, 107 
Recesses, peritoneal, 1144 
applied anatomy of, 1 145 
of Troltsch, 1024 
Recessus ellipticus, 1036 
infundibuli, 84 L 
pinealis, 842 

piriformis, of pharynx, 1124 
sacciformis, 388 
sphsericus, 1036 
suprapinealis, 842 
Rectal ampulla, 1168 

columns of Morgagni, 1171 
sinus, 1170 

Rectococcygeal muscles, 1170 
Recto-uterine excavation, 1 136, 
1232 

folds, 1234 

Rectovesical excavation, 1136 
folds, 1138 

layer of pelvic fascia, 1224* 
septum, 1224* 

Rectovesicalis, 1207 
Rectum, 1168 
ampulla of, 1168 
anal part of, 1169 
applied anatomy of, 1176 
columns of, 117*6 
development of, 142 
flexures of, 1168 
Houston’s valves of, 1168 
lymphatic vessels of, 771 
relations of, 1168 
transverse folds of, 1168 
Rectus abdominis, 477 
sheath of, 478 
tendinous inscriptions of, 
477 

capitis anterior, 455 
anticus major, 454 
minor, 455 
lateralis, 455 
posterior major, 461 
minor, 462 
femoris, 536 

applied anatomy of, 537 
muscles of eyeball, 1011 
actions of, 1013 
applied anatomy of, 1015 
Recurrent artery, interosseous, 
660 

meningeal branch of lac- 
rimal, 627 
radial, 655 
tibia-1, anterior, 701 
posterior, 701 
ulnar, dorsal, 658 
volar, 658 

branches from deep volar 
arch, 666 

nerve (laryngeal), 920 
Red l)hjod -corpuscles, 26 
marrow, 18 
nucleus, 827 

Reflected inguinal ligament, 
472 

Reflex actions, abnormalities 
of, 876 

Reflex, ciliospinal, 877 
Reflexes, deep or tendon, 877 
organic, 877 
superficial or skin, 876 
trigeminal, 903 


Refracting mefiia of eye, 100*1 
Region, anterior of * medulla 
oblonsatn, 801 
lateral, 80? 
posterior, 802 
subthalamic tegmental, 838 
Regions of abdomen, 1132 
Reid’s base-line, 1262 
Reil, island of, 849 * 

Reissner, vestibu lar membrane 
of, 1041 

Remak, fibres of, 39 
Renal arteries, 674, 1198 
calyces, 1194 * 

collar, 127 . 
columns (Bert ini), 1196 
fascia, 1195 
impression. 1185 
papilhe, 1194 
pelvis, .1198 
plexus, 981 
pyramids, 1195 
sinus, 1194, 1195 
tubules, 1196 
veins, 741 

vessels, afferent and efferent, 
1197 

Renes, 1192 
Reproduction of cells, 2 
Resection of rib, 1.95 
Respiration, mechanism of, 468 
Respiratory organs, j.050 
development of, 145 
region of nasal cavities, 987 
989 

Rest, period of, in cardiac 
cycle, 591 

Restiform bodies, 808, 819 
Resting condition of cell, 2 
Rote canal is hvpoglossi, 724 
foraminis ovalis, 724 
testis, 1214 

Reticular lamina, 1045 
apparatus of Golgi, 2 
layer of coriurn, 1054 
tissue, 12 

Reticulum, stellate, 1108 
Retiform tissue, 1.2 
Retina, 1001 

applied anatomy of, 1009 
central artery of, 626, 1005 
development of, 102 
fovea centralis of, 1002, 
1005 

layers of, 1003 
macula iutea of, 1002, 1005 
membrana 1 imitans hit emu , 
1005 

externa, 1005 
ora serrata of, 1002, 1005 
pigmented layer of, 1003 
rhodopsin or visual pm pie of, 
1002 

structure of, 1003 
supporting framework nf r 
1005 

Retinacula, of hip-joint, 404 
patellar, 410 
pen lineal, 500 

Retinaculum of arcuate popli- 
teal ligament, 413 
Retro-aortic lym ph -glam Is, 765 
Eetroosecai fossa, 1 1.46 
Retroduodenal fossa-, i 145 
Retromandibular pn mess of 
parotid gland, 1090 
Retropharyngeal abscess, 449, 
1127 ' 
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Os pubis (cont.) 
body of, 310 
crest of, 311 

iliopectineal eminence of, 
311 

obturator crest of, 311 
pecten, 311 
ramus, inferior, 311 
superior, 310 
spine of, 311 
tubercle of, 311 
sacrum, 174 
sphenoidale, 200 
irigonum of talus, 339/348 
triquetrum, 299 
Ossa carpi, 298 
cranii, 196 
cuneiformia, 342 
faciei, 230 
lacrimalia, 225 
metacarpi, 302 
metatarsi, 344 
nasalia, 226 
palatina, 236 
parietalia, 215 
suturarum, 229 
tarsi, 334 
temporalia, 206 
zygomatica, 239 
Ossein, 22 

Osseous labyrinth, 1036 
bony semicircular canals, 
1037 

cochlea, 1037 
spiral lamina, 1038 
secondary, 1038 
vestibule, 1036 
Ossicle, pterion, 229 
Ossicles, auditory, 1031 
incus, 1032- 
malleus, 1031 
stapes, 1032 
development of, 108 
ligaments of, 1033 
Ossification, centre of, 23 
intracartilaginous, 22 
intramenibranous, 22 
Ossification of — 
atlas, 180 
axis, 180 
carpals, 305 
clavicle, 281 
coccyx, 182 
epistropheus, 180 
ethmoidal, 224 
femur, 325 
fibula, 333 
frontal, 220 
hip-bone, 312 
humerus, 286 
hyoid, 247 
incus, 1032 

inferior nasal concha, 225 i 
lacrimal, 226 
lumbar vertebrae, 181 
malleus, 1032 
mandible, 243 
maxilla, 235 
metacarpals, 306 
metatarsals, 348 
nasal, 227 
occipital, 199 
os coxae or innominatum, 
312 

palatine, 238 
parietal, 217 
patella, 334 

phalanges of fingers, 306 


Ossification of (cont.) 

phalanges of toes, 348 
radius, 291 
ribs, 192 
sacrum, 181 
scapula, 279 

seventh cervical vertebra, 
181 

sphenoidal, 205 
stapes, 1032 
sternum, 187 
tarsals, 347 
temporal, 213 
tibia, 330 
ulna, 294 

vertebral column, 179 
vomer, 228 
zygomatic, 240 
Osteoblasts, IS, 22, 23 
Osteoclasts, 24, 1110 
Osteogenetie fibres, 22 
Osteology, 161 
Osteomalacia, 317 
Osteomyelitis, 25 
Ostium, abdominal, of uterine 
tube, 1230 
maxillare, 266, 988 
pbarvngeal, of auditory tube, 

Il22 

primitive urogenital, 159 
primum, of heart, 115 
secundum, of heart, 115 
Otic ganglion, 903 
Otoconia, 1041 
Otocyst, 106 
Outlet of pelvis, 314 
Ova, holoblastic, 48 
human, 40 
meroblastie, 48 
primitive, 153 
Oval area of Flechsig, 797 
bundle, 86, 91, 100 
Ovarian arteries, 674- 
cysts, 1229 
fimbria, 1230 
follicles, 1228 
fossa, 1138, 1226 
plexus of nerves, 981 
pregnancy, 47 
veins, 741 
Ovaries, 1226 
applied anatomy of, 1229 
corpora lutea of, 1229 
descent of, 156 
development of, 153 
interstitial cells of, 1227 
ligaments of, 1226 
lymphatic vessels of, 774 
structure of, 1227 
vessels and nerves of, 1229 
vesicular or Graafian follicles 
of, 1228 

Ovariotomy, 1229 
Ovula Nabothi, 1236 
Ovum, 40 

corona radiat-a of, 42 
coverings of, r 4-l 
discharge of, "1228 
fertilisation of, 46 
germinal spot of, 40 
vesicle of, 41 

implantation or imbedding 
of, 62 

maturation of, 42 
mature, 43 
ooplasm of, 40 
segmentation of, 48 
structure of, 40 


Ovum (cont.) * • 

yolk of, 40 » » 

zona pellucifja or striata of, 
4! 

Owen, contour liy.es of, 1105 
Oxyntic cells, 1152 
glands, 1151 
Oxyphil leucocytes, 28 

* 

Pacchionian glands, 8S2 
Pacinian corpuscles, 1049 
Pad, infrapatellar, 411 
retropubic, 1 202 
suctorial, 443 * 

Pain sense, 87*5 
Palate, 1095 

aponeurosis of, 1120 
applied anatomy of, 82, 1095 
arches of, 1118 
cleft, 82 

development of, 79 
hard, 248, 1095 
primitive, 79 
soft, 1095 

muscles of, 1120 
mucous membrane of, 1095 
paralysis of, 1096 
vessels and nerves of, 1095 
Palatine aponeurosis, 1120 
artery, ascending, 612 
descending, 620 
applied anatomy of, 620 
greater, 620 
smaller, 620 
bone, 236 

horizontal part of, 236 
maxillary process of, 237 
orbital process of, 238 
ossification of, 238 
pyramidal process or 
tuberosity of, 238 
sphenoidal process of, 238 
vertical part of, 230 
foramen, greater, 249 
foramina, lesser, 238, 249 
nerves, 899 

process of maxilla, 234 
processes of foetus, 80 
tonsils, 1118 

development of, 134 
lymphatic vessels of, 755 
uvula, 1095 
velum, 1095 
Palatoglossus, 1 1. 20 
Palatopharyngcus, 1 1 21 
Palatum durum, 1095 
moLle, 1095 

Palmar aponeurosis, 521 

applied anatomy of, 523 
arch, deep, 656 
superficial, 660 
cutaneous branch of median 
nerve, 942 
of ulnar nerve, 944 
ganglion, compound, 523 * 
Palmaris brevis, 525 
longus, 508 

Palmate folds of cervix uteri, 
1233, 1236 
Palpebne, 1015 
Palpebral arteries, lateral, 626 
medial, 628 
commissures, 1 0 1 5 
fissure, 1016 
ligament, lateral, 3017 
medial, 439, 1017 
nerves, from maxillary, 897 
rapbc, lateral, 439 



